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Preface

This is the fourth edition of what has become the PLM Reference Book. Product
Lifecycle Management (PLM) is the business activity of managing, in the most
effective way, a company’s products all the way across their lifecycles; from the
very first idea for a product all the way through until it is retired and disposed of.

PLM is about “managing products across their lifecycles”, and it applies to any
company with a product. It applies in all sizes of companies, ranging from large
multinational corporations to small and medium enterprises. It’s applied across a
wide range of industrial sectors including aerospace, apparel, automotive, beverage,
consumer goods, construction equipment, defence, electrical engineering, elec-
tronics, food, life sciences, machinery, machine tool, mechanical engineering,
medical equipment, pharmaceutical, plastics, shipbuilding, shoe, software, trans-
portation and turbine.

In the middle of the twentieth century, between 1945 and 1970, things changed
little in the world of products. Companies, and their executives, managers and
employees worked out how to succeed in that environment. They had an accepted
way of thinking, a paradigm, about the way products were managed. For example,
companies were organised by department, there was a multilevel hierarchy of
middle managers, information was on paper, secretaries produced technical reports
on typewriters, and engineers used slide rules for calculations. The Iron Curtain
divided the capitalist West from the communist East. In the US and Western
Europe, engineers were predominantly men, white and white-shirted.

The 1970s saw the beginning of a period of a change. It’s worth remembering
that Intel was founded in 1968, Microsoft in 1975 and Apple in 1976.

Between 1970 and 2015, for various reasons, the product landscape changed
rapidly and significantly. Many new products appeared as a result of the Electronics
Revolution, the Software Revolution, the Biotechnology Revolution and the
Nanotechnology Revolution. The Internet and the World Wide Web emerged.
Many new products were mechatronic, containing mechanical, electrical, electronic
and software components. The development time and the lifetime of many products
was slashed. As well as changes in products, there were changes in the environment
in which products were sold and used. There were geopolitical changes such as
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globalisation, the end of the Cold War and the emergence of China as a major
manufacturing country. Other changes resulted from concerns about global
warming, the environment and sustainability. In response to all these changes, the
paradigm for managing products changed. The new paradigm, PLM, emerged at the
beginning of the twenty-first century.

What is this new paradigm? In other words, how should a company, its exec-
utives, managers and employees be organised and work in this new environment?
And another question, how should a company transition from the old paradigm to
the new paradigm? What set of actions will a company have to execute to achieve
the change? This book answers these questions.

The PLM paradigm emerged at the beginning of the twenty-first century, and has
been evolving since then. It was described in the first edition of this book, which
was published in 2004. The second edition of the book was published in 2011, the
third edition in 2015. Since then, the paradigm has continued to evolve. There have
been more changes in technologies, products and the PLM environment. PLM has
become more and more important. And, due to technological advances in areas
such as Smart Products, the Internet of Things, Industry 4.0 and Artificial
Intelligence, new opportunities for PLM have appeared. This fourth edition of the
book addresses these advances and the ever-increasing application of PLM. As for
the previous editions, it draws on the extensive PLM consulting activities and
experience of the author.

The underlying logic for the structure and content of the book is built on the
PLM Grid, a concept outlined in the first chapter. The PLM Grid shows the ten
components: (products; business processes; product data; the Product Data
Management system; other PLM applications; facilities and equipment; techniques;
people; management and organisation; and objectives and metrics) that have to be
addressed when managing a product across the product lifecycle.

The book has 15 chapters. The first 2 chapters introduce PLM and the PLM
environment. Chapter 3 addresses products. Chapter 4 focuses on business pro-
cesses. The subject of Chapter 5 is product data. Chapter 6 addresses Product Data
Management systems. Chapter 7 looks at other PLM applications. The content
of the following chapter includes techniques and methods in the PLM environment.
The subject of Chapter 9 is the Internet of Things. That of Chapter 10 is Industry 4.
0 and the manufacturing environment. Chapters 11 and 12 address Organisational
Change Management (OCM) and project management. Chapter 13 looks at the role
of executives in PLM, Chapter 14 at the PLM Initiative. Chapter 15 gives examples
of PLM in industry.

Many of the chapters address subjects, for example, OCM, that are huge areas in
themselves. There are already many books addressing these subjects. The intention
of these chapters isn’t to repeat everything known about the subject. Instead, it’s to
provide, for the specific environment of PLM, an introduction that will enable
people to work more effectively on PLM activities. The book can be thought of as
“PLM 101”. It will be useful for those working on a company’s PLM activities. It
will be a good on-boarding tool for anyone joining a PLM Initiative. It will also be
useful for undergraduate and postgraduate university students learning about PLM.
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The author has worked with more than a 100 companies of many sizes, and in
many industries, during the emergence and growth of PLM. Sharing the resulting
experience and knowledge meets the innate human desire to improve the World.
PLM is, of course, important for companies. By adopting and improving PLM,
companies increase product revenues, reduce product-related costs, maximise the
value of the product portfolio, and maximise the value of current and future
products for both customers and shareholders. But, in a wider sense, PLM is also
important for Mankind. The planet’s 7 billion inhabitants all rely on products of
various types, and the great majority would benefit from faster, easier access to
better products. PLM is a win-win for us all.

Geneva, Switzerland John Stark
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Chapter 1
Product Lifecycle Management (PLM)

1.1 What Is PLM?

1.1.1 Definition of PLM

Product Lifecycle Management (PLM) is the business activity of managing, in the
most effective way, a company’s products all the way across their lifecycles; from
the very first idea for a product all the way through until it is retired and disposed of.

PLM is the management system for a company’s products. It doesn’t just manage
one of its products. It manages, in an integrated way, all of its parts and products, and
the product portfolio. PLM manages the whole range, from individual part through
individual product to the entire portfolio of products.

At the highest level, the objective of PLM is to increase product revenues, reduce
product-related costs, maximise the value of the product portfolio, and maximise the
value of current and future products for both customers and shareholders.

1.1.2 Definition of the PLM Initiative

The PLM Initiative of a company is an initiative with two objectives. The first of
these is to improve the product-related performance of the company (Fig. 1.1). The

Rate of introduction of new products +100%  Lifecycle control over products 100% 
Revenues from extended product life +25% Lifecycle visibility over products 100%
Costs due to recalls, failures, liabilities -75% Part reuse factor x 7
Revenues from new services on existing products +40% Cost of materials and energy -25%
Number of significantly innovative new products x 3 Recycling of products +90%
Development time for new products -50% Product traceability 100%

Fig. 1.1 Typical targets of a PLM Initiative
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2 1 Product Lifecycle Management (PLM)

other objective is to put in place, or to improve, the capability to manage products
across their lifecycles.

Whereas PLM is an on-going endeavour, a PLM Initiative is a temporary endeav-
our. Most companies will have a PLM Initiative at some time between 2020 and
2025.

1.1.3 A Paradigm

The title of this book refers to PLM as a 21st Century paradigm. A paradigm is
a generally agreed and shared conceptual structure that people use to work with a
complex subject. It’s a simple picture that helps them think about, describe, analyse
and communicate about the subject. In this book, the “complex subject” that is
addressed is the management of a company’s products.

A paradigm is questioned and tested in everyday work and by everyday experi-
ence. A paradigm shift occurs when the majority of people find, through everyday
experience and analysis, that the existing paradigm no longer fits to the practical
reality of the subject.

1.1.3.1 The Paradigm Before PLM

The PLM Paradigm emerged in 2001. The previous paradigm for the management
of a company’s products was Departmental:

• The Marketing Department decided which products were needed by the market
• The Engineering Department designed them
• The Manufacturing Department produced them
• The After-Sales Department supported them.

This Departmental paradigm was generally agreed and shared for most of the
twentieth century. The reasoning behind it was that the specialists in a department
are the best equipped to carry out the activities of that function. For example, spe-
cialists in the Engineering Department were believed to be best equipped to carry
out Engineering activities. The logic behind this was that engineers learn about these
activities at school or university, are further trained about them, are hired to do them,
learn about them from Engineering colleagues, and practice them for years in the
company. So who could do them better?

Over time, though, this reasoning and belief in departmental ability implicitly
extended so that each department didn’t just carry out activities for which it had
specialist functional knowhow. It went much further and decided everything about
its operations. For example, each department decided independently how to organise
its activities, its documents and its data, and its computer systems. Even though, for
example, Marketing specialists aren’t specialists in organising activities, any more
than Engineering specialists are specialists in IS.
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With time, the departmental approach led to an environment of departments work-
ing independently, interdepartmental barriers, incompatibilities at departmental bor-
ders, waste, gaps, contradictory versions of the same data, information silos, islands
of automation, overlapping networks, duplicate activities, serial work, ineffective
fixes and product recalls. The end result was long product development and support
cycles, customers having problemswith products, reduced revenues and higher costs.
These anomalies showed that something was wrong with the departmental paradigm
for the management of a company’s products.

A paradigm shift resulted. In 2001, a new paradigm for the management of a
company’s products, the PLM Paradigm, emerged. It will be described in Sect. 1.5,
after briefs introductions to this chapter, and the acronym and scope of PLM.

1.2 This Chapter

1.2.1 Objective

The objective of the first chapter of this book is to provide an introduction to PLM,
answering the questions: “What is PLM?”; “Why PLM?”; “When did PLM appear”;
and “Where is PLM used?” The answers to these questions will help those working
with PLM in a company, including those involved in a company’s PLM Initiative,
to understand the basics of PLM and why it’s so important. It will allow them to
add more value and participate more fully in the PLM Initiative and PLM activities.
This chapter also aims to give students, for whom this book is a coursebook, a basic
understanding of PLM and its importance in industry.

1.2.2 Content

The first part of the chapter gives definitions of PLM and a PLM Initiative. The
second part of the chapter looks at the meaning of the letters P, L and M in the PLM
acronym. The third part addresses the scope of PLM. It introduces the PLM Grid,
describes activities within the scope of PLM; and identifies the resources managed in
PLM. The fourth part of the chapter describes the PLMParadigm, detailing concepts,
consequences and corollaries. The fifth part looks at the potential benefits, strategic
and operational, of PLM and a PLM Initiative. The sixth part shows how PLM has
spread since its emergence in 2001. As of 2020, it’s used throughout manufacturing
industry and throughout the world. The seventh and final part of the chapter looks at
the problems that PLM solves and the opportunities it enables.
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1.2.2.1 Skills

From this chapter, students who’ve been assigned the book for coursework will gain
a basic understanding of PLM, a PLM Initiative, and the PLM Paradigm. They’ll
find out about the meaning of the PLM acronym. They’ll understand the scope of
PLM. They’ll know about the problems that PLM addresses. They’ll see how PLM
has spread throughout industry and across the world. They’ll learn about the benefits
of PLM. They’ll be able to explain, communicate and discuss about PLM.

1.2.3 Relevance

People starting to work with PLM in a company are likely to ask questions like:
“What is PLM?”; “Why PLM?”; “When did PLM appear”; and “Where is PLM
used?” They’ll find the answers in this chapter. It will enable those working in activ-
ities across the product lifecycle to rapidly understand PLM. After they’ve read the
chapter, they should understand the PLM Paradigm and its essential characteristics
and concepts. They’ll know about the operational and strategic benefits of PLM.
They’ll be able to work more effectively in PLM activities.

1.3 The P, L and M of PLM

1.3.1 The P of PLM

1.3.1.1 Importance

The product is important. Whether it’s a chair, a beverage, an aircraft, some software
or an anaesthetic, it’s the product, and perhaps some related services, that the cus-
tomer wants. The product is the source of company revenues. Without a product, the
company doesn’t need to exist and won’t have any customers. Without a product,
there won’t be any related services. The product is important! The company gener-
ates revenues from an on-going stream of innovative new and upgraded products.
Great products make it the leader in its industry sector. Great products lead to great
profitability.

1.3.1.2 Range of Products

There’s a huge range of products in the world. There are tangible products, products
you can touch, products such as a computer and a car. And there are intangible
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products such as software, insurance policies and mortgages. There are products as
diverse as an Airbus A380 and a dollar bill, a book and a beverage.

Products come in all sorts of shapes and sizes. The movement of a Swiss watch
may be little longer and wider than a postage stamp, and only a few millimetres in
thickness. A postage stamp is even smaller. Many other products are much larger.
For example, an Airbus A380 is 73 m long, with a wingspan of nearly 80 m.

A product may actually be a service. A product can also be a package of services,
or a bundle of products and services, or a solution containing several products, or a
solution containing products and services.

The product is often more than what seems, at first glance, to be the product.
Product packaging is often a part of the product. So is product labelling. The product
may include wires and plugs that connect it to the outside world. The product may
include product literature, such as user documentation or regulatory documentation.
The productmay be a six-pack or a single can. If it’s a six-pack, it may have additional
packaging, but the product you drink is the same as if it’s a single item. The delivery
mechanism may be part of the product. For example, inside the packaging of an
anaesthetic may be a sterile syringe.

A company’s products may have been developed by the company itself. Or they
may have been acquired as a result of merger and acquisition (M&A) activity.

1.3.1.3 Range of Number of Parts

A company’s product may be made of many assemblies and thousands of parts or
components or constituents or ingredients depending on the type of product. An
assembly may also be made of a large number of parts. These assemblies and parts
could be made by the company itself, or could be the products of other companies, its
suppliers. Many products contain industrial components (products) of various types,
such as hardware, software, electrical, electronic and chemical. Many products also
contain other types of components, such as agricultural, forestry and fishery products.

As Fig. 1.2 shows, many products contain a lot of parts. Many companies have
hundreds or thousands of products each of which may contain different parts. All of
these need to be managed. Whatever the product, PLM is the management system
for a company’s products and parts.

Fig. 1.2 Typical number of
parts, or ingredients, in a
product

Product Typical number of parts

Deodorant 20
Sandwich 30
Shampoo 50
Watch 300
Machine tool 2000
Car 25000
Aircraft 400000
Space shuttle 2000000
Software (lines of code) 20000000
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1.3.2 The L of PLM

There are five phases in the product lifecycle (Fig. 1.3). In each of these five phases,
the product is in a different state. During the ideation phase, the product is just an
idea in people’s heads. During the definition phase, the ideas are being converted
into a detailed description. By the end of the realisation phase, the product exists in
its final form (for example, as a car) in which it can be used by a customer. During
the use/support phase, the product is with the customer who is using it. Eventually,
the product gets to a phase in which it’s no longer useful. It’s retired by the company,
and disposed of by the customer. It may be recycled by the customer or the company
or a third party.

The specific activities that take place across the product lifecycle vary from one
industry sector to another. As a result, companies in a particular industry may have a
view of the product lifecycle that is specific to their industry. However, whatever the
specifics of a particular company or industry, its activities can be mapped, in some
way, to the five phases of the product lifecycle shown in Fig. 1.3.

There’s nothing new in the concept of a lifecycle. In 1599, Shakespeare described
a lifecycle when he wrote of the seven ages of man (the infant, schoolboy, the lover,
a soldier, the justice, the lean and slippered pantaloon, second childhood).

1.3.2.1 Related Lifecycles

Manufacturers and users of products may have different views of the product
lifecycle. As seen by the user of the product, there are five phases in a product’s
lifecycle: ideation; definition; realisation; use; disposal. As seen by a manufacturer
of a product, there are also five phases in a product’s lifecycle: ideation; definition;
realisation; support; retirement.

From the Marketing viewpoint there are market-oriented lifecycles. A four-stage
example is product introduction, growth, maturity and decline. A five-stage example
is product development, market introduction, market growth, market maturity and
sales decline.Different approaches to the product’s identity, pricing and sales strategy
may be taken in different stages.

Fig. 1.3 The 5 phases of the product lifecycle
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And, from the Environmental viewpoint, there’s another lifecycle. A natural
resource (such as an ore, or oil) is extracted from the earth, the resource is pro-
cessed, the processed resource is used in the manufacturing of a product, the product
is used, and when the product is no longer needed, the resource/waste is managed.
It may be reused, recycled or disposed of.

1.3.3 The M of PLM

Management of products includes activities such as organisation and coordination of
product-related resources, decision-taking, setting objectives and control of results.
A product must be managed in all phases of the product lifecycle to make sure that
everything works well, and that the product makes good money for the company.

The product needs to be managed when it’s an idea. Product ideas need to be
managed to make sure, for example, that they aren’t lost or misunderstood.

The product needs to be managed when it’s being defined. For example, a prod-
uct development project has to be managed to be sure the resulting product meets
customer requirements.

The product needs to be managed when it’s being realised. For example, it’s
important that the correct version of the product definition is used during production.

The product needs to be managed when it’s in use. For example, the product
must be correctly maintained, taking account of its serial number, production date,
previous upgrades, changes in the market and technical evolution.

The product needs to be managed at disposal time. For example, care has to be
taken to make sure that poisonous components and toxic waste from the product
don’t get anywhere near sources of drinking water.

It’s sometimes said that PLM is about managing the product throughout its
lifecycle, “from cradle to grave” of “from sunrise to sunset”. However, both of these
phrases miss the earliest part of the product lifecycle. PLM manages the product
“from dawn to dusk”.

1.4 The Scope of PLM

1.4.1 Activities in the Scope of PLM

PLM is a high-level business activity. All of the lower level product-related activities
of a company are united under the PLM umbrella. Figure 1.4 shows some of these
activities.

The scope of activities is broad, but that reflects the reality of managing products.
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managing a well-structured and valuable Product Portfolio 
maximising the financial return from the Product Portfolio 
managing products across the lifecycle 
managing product innovation, development, support and disposal projects effectively 
providing control and visibility over products throughout the lifecycle 
managing feedback about products from customers, products, field engineers and the market 
effectively managing product requirements 
enabling collaborative work with design and supply chain partners, and with customers 
managing product-related processes so that they are coherent, joined-up, effective and lean 
capturing, securely managing, and maintaining the integrity of product definition information  
making product definition information available where it’s needed, when it’s needed 
knowing the exact characteristics, both technical and financial, of a product throughout its lifecycle 

Fig. 1.4 Some of the activities in the scope of PLM

1.4.2 The PLM Grid

The scope of PLM is shown in the PLM Grid (Fig. 1.5), a 5 * 10 grid or matrix. On
the horizontal axis are the five phases of the product lifecycle. On the vertical axis
are the ten components (data, applications, activities, etc.) that have to be addressed
when managing a product across the lifecycle.

The PLM Grid helps show why the environment of the product can be complex
and difficult to manage. The scope of the environment is broad. Many subjects are
addressed, ranging from methods for identifying ideas for new products, through

Fig. 1.5 The PLM Grid
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number of new products % information on electronic media number of customers cost of rework ($)
IS cost as % of company sales new product revenue (% of total) Return On Innovation number of patents
number of projects completed % of business processes defined number of products R&D spend
defects per product family value of product portfolio ($) Time To Market level of part reuse

Fig. 1.6 Examples of KPIs in the PLM environment

organisational structure, to end-of-life recycling equipment. The scope is wide, but
that reflects the reality of managing products.

1.4.3 Resources in the Scope of PLM

Ten components are shown on the PLM Grid. They have to be managed across the
five phases of the product lifecycle.

1.4.3.1 Objectives and KPIs

The company’s objectives for PLM drive all its PLM activities. The PLM objectives
express at a high level what’s expected from PLM. PLMhelps achieve improvements
in many areas, such as financial performance, time reduction, quality improvement
and business improvement. Metrics, also known as Key Performance Indicators
(KPIs), help an organisation to set targets for its future activities, and to measure
progress (Fig. 1.6). In the area of financial performance, for example, possible met-
rics and targets could be to increase the value of the product portfolio by 20%, or to
reduce costs due to recalls, failures and liabilities by 75%.

1.4.3.2 Management and Organisation

In the PLM environment, there are many resources to manage, and high volumes of
many of these resources. And, as if the wide scope and high volumes didn’t make it
difficult enough, there are complex and changing relationships to manage between
products, components and customers. Organisational structures, strategies and plans
must be put in place to make all the resources and activities manageable, and to
meet the objectives (Fig. 1.7). Effective organisation and management of resources
is all-important for PLM. Just acquiring good resources, such as IS applications and

departmental flat pyramid functional 
geographical hierarchical team hybrid
matrix project virtual product-focused

Fig. 1.7 Examples of organisations in the PLM environment
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manage NPD projects capture product ideas screen ideas evaluate proposals prioritise projects
identify requirements specify products define BOMs define Design Rules design products 
cost products purchase parts simulate parts test parts manage orders
configure products plan manufacturing make parts assemble parts use products
get field feedback solve problems make changes replace parts maintain products
refurbish products compare actual costs hire people upgrade equipment retire products
disassemble products recycle parts train people report progress measure progress

Fig. 1.8 Examples of product-related activities in the lifecycle

Idea Management New Product Development Engineering Change Management
Program Management Configuration Management Intellectual Property Management
Product Risk Management Product Complaint Management Product Obsolescence Management

Fig. 1.9 Examples of business processes in the PLM environment

people, won’t lead to success. It’s only when all the resources are organised and
managed to achieve the objectives of PLM, that the objectives can be met.

1.4.3.3 Business Processes

In every company, there’s a lot of activity related to the product as it’s ideated,
developed, manufactured, supported and retired (Fig. 1.8).

In the PLM environment, individual activities are organised into business pro-
cesses (Fig. 1.9). In many companies, between 35 and 55% of the business processes
are product-related.Many things have to happen if everything is toworkwell with the
product. The way these things are organised into processes is important. A company
has a choice. It can put in place good processes, and do the right things well. Or it
can do things badly.

1.4.3.4 People

It takes many people to develop and support a product throughout its lifecycle
(Fig. 1.10). No product is made or managed without people. The company has a
choice. It can hire highly skilled people, motivate them and train them to do things
the best way, or it can do the opposite. Throughout the product lifecycle, people are
all-important. They define the requirements for new products, develop products to
meet the requirements, produce high-quality products, and support them in the field.

business analyst cost accountant course developer electronics engineer key user
database administrator field engineer disassembly worker documentation clerk fitter
product developer product manager project manager Engineering VP machinist
recycling director sales associate service engineer quality manager data analyst
marketing analyst test engineer software developer validation engineer designer

Fig. 1.10 Examples of roles in the PLM environment
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analysis results customer requirements patent reports sensor data regulations
ingredients lists design specifications disposal lists CAD geometry engineering drawings
QA records shop floor instructions functional specs costing data label information
user manuals machine libraries wiring diagram flowcharts failure reports
NC programs packaging standards parts classifications parts lists maintenance info

Fig. 1.11 Examples of product data in the PLM environment

1.4.3.5 Product Data

Product data defines and describes the product, and the product is the source of
company revenues. A company’s product data represents its collective know-how
(Fig. 1.11). As such, it’s a major asset, a strategic resource, and should be used
as profitably as possible. If there’s something wrong with product data, then there
will be problems with the product. And money will be lost. Throughout the product
lifecycle, product data is all-important. It has to be available, whenever it’s needed,
wherever it’s needed, by whoever needs it, throughout the product lifecycle. Getting
it organised, and keeping it organised, are major challenges. Whatever the product
made by a company, an enormous volume and variety of product data is needed
to develop, produce and support the product throughout the lifecycle. Product data
doesn’t look after itself. If it’s not managed, then, like anything that’s not properly
organised and maintained, it won’t perform as required. Over time, it will slide into
chaos and decay. However, this has to be avoided as the slightest error with product
data can have very serious consequences for the product.

1.4.3.6 Product Data Management System

A Product Data Management (PDM) system has the primary purpose of managing
product data. It’s one of the most important elements of the PLM environment. It
can manage all the product data created and used throughout the product lifecycle.
It can provide exactly the right information at exactly the right time. Throughout
the product lifecycle, information is all-important. The PDM application gets this
strategic resource under control, making it available, whenever it’s needed, wherever
it’s needed, by whoever needs it.

1.4.3.7 PLM Applications

Just as there are many processes, and many types of product data in the PLM envi-
ronment, there are also many IS applications (Fig. 1.12). Even in a medium-size
company, there may be as many as fifty different applications in use. PLM appli-
cations help people develop and support products. Without these applications, it’s
unlikely that so many complex and precise products could be developed, produced
and supported. PLM applications enable people to achieve performance levels that
would be impossible by manual means alone.



12 1 Product Lifecycle Management (PLM)

Requirements Management Rapid Prototyping Discovery Big Data Analytics Recipe Development 
Compliance Management Factory Simulation QFD Process Mapping IoT Platform
Document Management Robot Path Analysis CAD Sensor Management Visualisation
Knowledge Management NC Programming EDA Project Management Collaboration  
Plastic Behaviour Analysis BOM Management ERP Idea Management Data Exchange

Fig. 1.12 Examples of PLM applications

aerator vision system crusher extruder fixture kiln PoS kiosk
fluffer granulator hopper 3D printer test rig jig robot
label applicator QCM monitor NC milling machine nut inserter 3D scanner tool shredder

Fig. 1.13 Examples of equipment in the PLM environment

Activity Based Costing (ABC) Simultaneous Engineering Design for Sustainability (DFS)
Early Supplier Involvement (ESI) Fault Tree Analysis (FTA) Just In Time (JIT)
Life Cycle Assessment (LCA) Poka Yoke TRIZ

Fig. 1.14 Examples of methods in the PLM environment

1.4.3.8 Facilities and Equipment

Facilities and equipment are used in every phase of the product lifecycle (Fig. 1.13).
They’re needed to develop the product, to produce it, to maintain and service it, and
to dispose of it. They affect the quality of the product, its cost and the time to develop
and produce it. In total, there are thousands of different machines and tools available.
One of the challenges of PLM is to identify the facilities and equipment that are most
relevant to the activities on which the company wants to focus its efforts.

1.4.3.9 Methods and Techniques

To improve performance across the lifecycle in terms of parameters such as prod-
uct development time, product cost, service cost, product development cost, prod-
uct quality and disassembly costs, many methods and techniques have been pro-
posed (Fig. 1.14). Examples include Concurrent Engineering, Design for Assem-
bly (DFA), Early Manufacturing Involvement (EMI), Lean Production, Life Cycle
Design (LCD), Open Innovation, Six Sigma, and Total QualityManagement (TQM).
Benefits typically proposed for these methods include: reduced time to market;
improved quality; reduced costs; improved service; and reduced cycle time.

1.4.3.10 Products

A company’s products are one of its most important resources. A company gets
its revenues from an on-going stream of innovative new and upgraded products.
Great products make it the leader in its industry sector. Great products lead to great
profitability. Whether it’s a cosmetic, a beverage, a car or an anaesthetic, it’s the
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product, and perhaps some related services, that the customer wants. The product is
the primary source of customer satisfaction.

Products must be managed in all phases of the lifecycle to make sure that every-
thing works well, and that the product makes good money for the company.

1.5 The PLM Paradigm

A paradigm is a model, a way of thinking, a mindset. It’s a generally agreed and
shared conceptual structure that people use toworkwith a broad and complex domain
or subject. It’s a simple picture that helps them think about, describe, analyse and
communicate about the subject.

A domain, or subject area, usually has several key parameters. These are the key
characteristics associated with it. And these parameters have values. For example,
if you think of the domain of air travel, there are parameters such as: legroom, seat
width, boarding area, check-in, luggage rack, and on-board service.

1.5.1 Paradigm Change

Inmost domains, things change over time.Consequently, the paradigm for the domain
also changes. A paradigm change, a paradigm shift, occurs when most people find,
through everyday experience, that the existing paradigm no longer fits to the practical
reality of the domain.

When there’s a paradigm shift, the parameters of the domain may stay the same,
but their values change. You can see this for the domain of air travel. The paradigm
changed from “Golden Age of Flying” to “Cattle Class” (Fig. 1.15).

There are many other parameters distinguishing the two paradigms, but these
suffice to show the difference between “Golden Age of Flying” and “Cattle Class”.

Youmay be thinking, “OK, but there are good reasons for that change of paradigm.
Airlines developed new business models focused on low costs, and that led to lower
prices and more passengers”. As with air travel, there are good reasons for the
change of paradigm toPLM.The environment inwhich companiesmanaged products

# Parameter Golden Age Cattle Class 

1 Check-in Agent-assisted Self-service
2 Boarding Area Spacious, seating for all Cramped, standing for many 
3 Aircraft Seating Luxurious, comfortable Spartan, maybe broken
4 Legroom (pitch) 38 ins 29 ins
5 Seat width 22 ins 17 ins
6 Luggage rack Spacious, available Small, overflowing
7 On-board Service Extensive Minimal

Fig. 1.15 Parameters and values of air travel paradigms
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# Parameter PLM Paradigm Previous Paradigm

1 Organisation of Work Business Processes Departmental
2 Orientation Business Technical 
3 Information Storage, Calculation and Communication Digital Analogue, paper
4 Span of Interest Complete Product Lifecycle Design to Factory Gate
5 Value of Product Data High Low
6 Management Approach Holistic, joined-up Piecemeal, separate 
7 Focus Product-focused Unfocused

Fig. 1.16 Parameters and values of the PLM paradigm

changed enormously between the middle of the twentieth century and the end of the
twentieth century. In the 1950s, there was the Cold War, the world was split between
the capitalist West and the communist East. There were few computers, many people
had lifetime employment with one company, and most companies were focused
on their national markets. There was little interest in Quality or the Environment.
Most women in companies were secretaries. By the 1990s, there were computers
everywhere, the Cold War was over, globalisation had happened. China was a major
manufacturing power, few people had lifetime employment with a company, and
women were reaching the highest levels of company management. Quality and the
Environment were major issues.

1.5.2 From Twentieth-Century Paradigm to PLM

With so many changes in the environment in which companies managed products,
the paradigm also changed. A new paradigm, the PLM Paradigm, emerged in the
early twenty-first century. Seven key parameters are shown in Fig. 1.16.

The following paragraphs look at how these key parameters changed.

1.5.3 Organisation of Work

With PLM, instead of organising work by functional departments, companies define
and work in their business processes. A business process is an organised set of
activities, with clearly defined objectives, scope, roles, inputs and outputs, which
creates business value. Usually, people from several functions are involved in the
activities of a business process (Fig. 1.17).

Examples of product-related business processes include New Product Develop-
ment (NPD), Engineering Change Management (ECM), and Product Portfolio Man-
agement (PPM).

Under the PLMparadigm, theway that a companymanages its products across the
lifecycle must be proactively designed and defined. It’s formally documented in the
company’s Quality Manual. Principles of ISO 9000 are applied. In addition, people
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Fig. 1.17 Cross-functional involvement in processes

are trained about PLM. Business processes are audited. There’s continuous improve-
ment of product-related performance, business-wide, to meet business objectives.

The previous paradigm for the management of a company’s products was depart-
mental (Fig. 1.18). Under this paradigm, the company was split into departments.
The Marketing Department decided which products were needed by the market, the
Engineering Department designed them, the Manufacturing Department produced
them, and the After-Sales Department supported them. This paradigm was generally
agreed and shared for most of the twentieth century. The reasoning behind it was that
the specialists in a department were the best equipped to carry out the activities of that
function. That reasoning didn’t stop at the level of the departments. Each department
would be split into groups, each containing specialists in a particular subject. Each
of these groups might then be further split into sections, each containing specialists
in a particular sub-subject.

Each of these departments, groups and sections didn’t just carry out activities
for which it had specialist functional know-how. It went much further and decided
everything about its operations. For example, each decided independently how to
organise its activities, its documents and its data, and its computer systems (Fig. 1.19).
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training

Service
specialists
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activities
training

F&A HR 

Fig. 1.18 Organisation by departments
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Fig. 1.19 Organising in a department

Maybe eachorganised things differently. Eachwrote its ownguidelines. Each focused
on itself. Invisible walls grew up around it.

The links between departments, and the way that departments should work
together, weren’t defined. There was a “throw it over the wall approach” between
departments. The way that companies managed their products didn’t result from a
clear, deliberate, documented plan, but as a side effect of the way the various depart-
ments, groups and sections organised their individual activities. The subject of how
products were managed across the lifecycle wasn’t explicitly addressed by company
management. It wasn’t planned. It wasn’t documented.

Over time, this approach led to incompatibilities at departmental, group and
section borders. It led to waste, gaps, contradictory versions of the same data, infor-
mation silos, islands of automation, overlapping networks, duplicate activities, serial
work, ineffective fixes and product recalls.

The end result was long product development and support cycles, customers hav-
ing problems with products, reduced revenues and higher costs.

1.5.4 Orientation: From Technical to Business

With PLM, the orientation of themanagement of products changed from the previous
technical orientation to a business orientation.

PLM is a business activity. It’s carried out tomeet business objectives of increasing
product revenues, reducingproduct-related costs,maximising the value of the product
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Fig. 1.20 Business objectives of PLM

portfolio, andmaximising the value of current and future products for both customers
and shareholders. In addition to business objectives related to improved financial
performance, PLM has objectives related to time reduction and quality improvement
(Fig. 1.20).

PLM is an activity that reduces product-related risks for the business (Fig. 1.21).
With PLM, top managers understand and can formulate the need for effective

product lifecycle management. They define the Key Performance Indicators. And
how the activity will be managed.

With the previous paradigm, the management of products was technical. Each
department, group and section managed the product at various times, according to
its functional competence. Some made sure that new products were developed and
brought to market. Others made sure that products were sold. Or looked after the
product’s finances. Or its data. Or its quality. Or managed products in the field.

Before PLM, companies didn’t have an approach that managed a product con-
tinuously and coherently throughout the lifecycle. Marketing, R&D,Manufacturing,
Service and other departments, such as IS andQuality, took product-related decisions
separately. Products were managed by one department in early stages of their life,
then by another. Often the company didn’t manage the product during its use, and
partially or totally lost control of the product at this time. Sometimes a department
managed the product again when the product was due for disposal. Sometimes it
didn’t.
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Fig. 1.21 Risk reduction with PLM

With the previous paradigm, each department implemented independently its own
methods and techniques to support its activities. This led to companies having a
mixture of many, maybe incompatible, methods and approaches (Fig. 1.22). Each of
these had technical objectives (such as “design better”), not business objectives (such
as “increase product revenues”). Under the previous paradigm, product-related issues
weren’t considered to be a subject for management. They were left to the techies.

1.5.5 Information Calculation, Storage and Communication

PLM is a digital paradigm. Under the PLM paradigm, products are managed across
the lifecycle with digital computers. Calculations aremade by computer. Information
is stored in digital memory. It’s communicated over digital networks.

In the previous paradigm, people used analogue and mechanical calculation and
communication devices such as slide rules and typewriters. Information storage and
communication was mainly paper-based.
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Fig. 1.22 A mixture of methods and approaches

1.5.6 Span of Interest

With the change to PLM, the company’s span of interest about the product changed
from “Design to Factory Gate” to “Complete Product Lifecycle” (Fig. 1.23).

With PLM, a company manages its products all the way across their lifecycles,
from the very first idea through to retirement and disposal. The paradigm fits to
environmental requirements and Circular Economy concepts.
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Fig. 1.23 Changing span of interest
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Before PLM, according to the report of the GGI 2000 Product Development
Metrics Survey carried out in 2000 by the Goldense Group, Inc. (Needham, MA),
only 19% of companies had an active product obsolescence or product retirement
activity. Most companies weren’t interested in what happened to the product after it
passed the factory gate. They didn’t see what happened next as their responsibility.
They weren’t interested in where it finished up. They weren’t interested in whether it
was left to rot in a field, or dumped offshore to pollute the sea and kill its inhabitants.

1.5.7 Value of Product Data

Product data is all the data about products. With PLM, product data is seen as being
of high value. It’s Intellectual Property. It’s a strategic corporate asset. There are
security procedures to protect it.

Under the previous paradigm, the concept of “product data” didn’t exist. Data
belonged to departments, so there was Engineering data, Manufacturing data, After-
Sales data. Part of this data was blueprints. Often they’d be kept in a departmental
store, out of the way, maybe in a cellar. Managing the Engineering drawing store
was seen as low-level, something for people who weren’t good at designing new
products.

1.5.8 Management Approach

The previous paradigm was departmental. Dividing a company into separate depart-
ments was a great way to control the company, but not to operate it. It separated
people into many independent specialised groups, all focused on different tasks or
activities.

With the previous paradigm, there wasn’t a holistic approach. There was an atom-
istic, piecemeal approach. Companies didn’t manage products in a joined-up way
across the product lifecycle. Many things were done separately, in separate depart-
ments across the lifecycle. For example, product development and product support
were often carried out in separate parts of the organisation even though they addressed
the same products.

Products were managed in different unconnected ways at different times in the
lifecycle with different approaches by different people. There was no overview of
how they were managed.

Activities such as Product Data Management (PDM) and Business Process Man-
agement (BPM) focused on one particular resource. The objective was to do one
thing at a time.

With the emergence of PLM, the approach to management of products changed
from “divide and rule” and “separate”. It changed to “joined-up” and “holistic”. PLM
has a holistic approach to the management of a product. It addresses all the resources
together. It addresses products, data, applications, business processes, people, work
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Fig. 1.24 PLM is holistic

methods and equipment together. It’s a business activity addressing not only products
but also organisational structure, working methods, processes, people, information
structures and information systems (Fig. 1.24). Under PLM, all of the components
of the PLM Grid are taken into account when managing the product.

PLM joins up many previously separate and independent processes, disciplines,
functions and applications, each of which, though addressing the same product, had
its own vocabulary, rules, culture and language. PLM is “joined-up”. With PLM,
the organisation manages the product in a continuous coherent joined-up way across
the lifecycle. All the product-related issues are united under PLM and are addressed
together in a joined-up way.

1.5.9 Focus

With the emergence of PLM, the focus changed. The focus of the PLM paradigm
is the product (Fig. 1.25). That’s what the customer buys. Products are the source
of a company’s revenues. Corporate revenues result from product sales. Products
are important! There’s little in a company more important than its products, and the
management of their development and use. Without those products, there will be no
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Fig. 1.25 A change of focus

customers and no revenues. With PLM, the rule is “focus on the product and the
customer”. Customers buy great products.

In the previous paradigm for managing products, the focus was departmental.
Some people were focused on doing Great Engineering. Some on Great Production.
Others on interdepartmental dogfights, or cost-cutting. Others on listening to the
Voice of the Customer. However, companies can have all the knowledge in the world
about their customers, and what the customers have said, but they won’t get a sale
without a competitive product.

With the previous paradigm, companies didn’t manage the product as well as they
could have done, but, of course, to some extent they managed it. Managers in some
departments made sure that products were sold, making money for shareholders,
and enabling employees and suppliers to be paid. And in other departments, other
managers made sure that new products were developed and brought to market.

1.6 PLM Consequences

The paradigm shift to the PLMParadigm has important consequences for the compo-
nents of the PLMGrid. Many changes result for each component. The date and order
in which companies carry out these changes differs from one company to another.
Some companies started making these changes soon after PLM emerged in 2001.
Often, they found that they could build on experience gained with similar changes
in other areas of the company.
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With the PLM Paradigm, the activities of managing a company’s products must
be organised, defined and documented in cross-functional business processes across
the product lifecycle. The processes fit into the company’s Business Process Archi-
tecture. Wherever possible, tasks are run in parallel to reduce cycle times. (Under
the previous paradigm, each department defined its own activities independently of
the other functions. And often the activities weren’t formally documented. And tasks
were carried out in series.) The change to business processes is one of those for which
some companies already had experience. Often they had started Business Process
Re-engineering activities in other areas of the company in the 1990s.

With the PLMParadigm, a cross-functional product datamanagement (PDM) sys-
temmanages product data across the product lifecycle. (Under the previous paradigm,
each department managed its own data independently of the other departments.)

With the PLM Paradigm, product data (the data that defines a company’s prod-
ucts) is a company asset. Content, format and structure are detailed and documented
in a product data model. Product data is seen as a form of Intellectual Property.
It’s a valuable strategic resource. The product data model fits into the Enterprise
data model. (Under the previous paradigm, the concept of product data didn’t exist.
There was Marketing data, Engineering data and Manufacturing data. The data that
defined a product was in various documents created independently in each depart-
ment. Sometimes it was on paper, sometimes it was electronic. Sometimes it was in
a “Drawing Store”, sometimes in a desk drawer, sometimes on a C: or F: drive).

With the PLMParadigm, the software applications used to support product-related
activities across the lifecyclemust fit into an overall company ISArchitecture. (Under
the previous paradigm, each department selected its own applications with the objec-
tive of improving departmental performance.)

With the PLM Paradigm, the various methods (such as DFA and LCA) used
to support product-related activities across the lifecycle must fit into the overall
company Business Process and IS Architectures. (Under the previous paradigm,
each department selected and implemented its methods independently.)

With the PLMParadigm,Key Performance Indicators are business-oriented. Time
to Market is an example. Another example is “% revenues from products less than
5 years old”. (Under the previous paradigm, KPIs were departmental. A typical KPI
was “Headcount in Engineering”.)

With the PLM Paradigm, product architecture, the portfolio of products, plat-
form products, product families, and the relationship of a product to other products
are all-important. (Under the previous paradigm, each new product was developed
from scratch. Its functionality was paramount. Its structure, relationship with other
products, and degree of reuse of existing parts were seen as minor issues.)

With the PLM Paradigm, people work in Product Family Teams, and are focused
on the success of the products of their family. (Under the previous paradigm, peo-
ple were hired, trained and worked on a departmental basis. Their activities were
decided by departmental managers. They could be promoted within the department.
They could aim for a corner desk in the department’s offices. They were focused on
departmental issues.)
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With the PLM Paradigm, companies use the best resources across the product
lifecycle, independent of their gender, race and religion. (Under the previous
paradigm, in the US andWestern Europe, engineers were nearly all male, and white.)

With the PLMParadigm, Global Products give billions of people around theworld
the possibility to benefit fromproducts towhich they previously had no access.Global
Products are manufactured products that can be purchased and used worldwide, and
are maintained and supported worldwide. Often they’re developed and engineered
in many locations, and assembled from materials and parts manufactured in many
locations. Examples include airplanes, cars, machines, watches, clothes, soft drinks,
pharmaceutical products, soap, computer software, computer games, and consumer
electronics products, such as PCs, televisions and phones. Billions of people can
benefit from products to which they previously had no access. (Under the previous
paradigm, although many companies were international, or multinational, very few
offered products throughout the world.)

With the PLM Paradigm, the Organisation and Management of products
are business-oriented, formally defined, lifecycle, holistic, digital, joined-up and
product-focused. (Under the previous paradigm, they were technically oriented,
undefined, departmental, piecemeal, paper-based, separate, and unfocused.)

With PLM, people work top-down. They start by thinking about the portfolio
of existing products and those in development, then work down through product
families, platforms, and modules, to products, and then to parts. They focus on the
product, which creates value, and not on the associated bits and bytes. (Under the
previous paradigm, people would think bottom-up, starting with parts and building
up to the product. After parts were developed, it would be found that they didn’t fit
into assemblies. So theywere redesigned. Then, the assemblies were redesigned to fit
together. Companies developed some parts in one CAD system then found, because
of differences in CAD data representations, that they didn’t fit with parts developed
in other CAD systems. Engineers developed data transfer software to address the
problem. They wasted time down at the level of bits and bytes, instead of focusing
on the product.)

With PLM, the rule is “focus on the product and the customer”. Customers buy
great products. Companies can have all the knowledge in the world about their
customers, and what the customers have said, but they won’t get a sale without a
competitive product.

1.7 PLM Corollaries

Several corollaries follow on from the PLM Paradigm.
Under the previous paradigm, product-related issues weren’t considered to be a

subject for management. With PLM, top managers understand and can formulate the
need for effective product lifecycle management. They define the key metrics. And
how the activity will be managed.
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Under the previous paradigm, people thought functionally about the company.
A Marketing VP, an Engineering VP and a Manufacturing VP would report to the
CEO. Managers of product lines would report in through a matrix. With PLM, a
Chief Product Officer (CPO) has the responsibility for all the products across the
product lifecycle. The CPO reports to the CEO. So do the Chief Financial Officer
(CFO) and the Chief Information Officer (CIO). Product Managers report to the
CPO.

Under the previous paradigm, people in Marketing and Sales would refer to the
product portfolio. This was the portfolio of existing products. Meanwhile, people in
Engineering would refer to the project portfolio. This was the portfolio of projects
to develop new products. With PLM, everyone in the product lifecycle refers to
the integrated portfolio which contains both the existing products and those in the
pipeline. And the value of the integrated portfolio is an important KPI.

Under the previous paradigm, the rule was “listen to the Voice of the Customer”.
With PLM, the rule is “listen to the Voice of the Product as soon as possible”. Get
the product to report back about how it’s working, for example using the Internet of
Things (IoT). And, of course, don’t forget to listen to the Voice of the Customer.

Under the previous paradigm, people would carry out a Customer Survey to find
out what customers thought of existing and future products. With PLM, people
think Customer Involvement. Using technologies such as mobile telephony, Global
Positioning System (GPS), Radio Frequency Identification (RFID) technology and
IoT technology, they exchange information directly with a customer who’s using the
product. Getting feedback from a customer at the actual time of use provides more
valuable information than a survey form.

1.8 The Spread of PLM

PLM is applied in a wide range of industries that develop, produce and support
products (Fig. 1.26). It’s applied in discrete manufacturing, process manufacturing,
distribution and service industries. It’s also applied in research, education, military
and other governmental organisations.

PLM is used in all sizes of companies ranging from large multinational cor-
porations to small and medium enterprises. The particular PLM requirements of
companies of different sizes may differ, but the fundamental requirements don’t. In
companies of all sizes, products have to bemanaged, product data has to bemanaged,
product development and support processes have to be managed, and product data

aerospace apparel automotive beverage chemical 
consumer goods construction equipment defence electrical engineering electronics 
financial services mechanical engineering furniture life sciences machine tool 
machinery medical equipment food petrochemical pharmaceutical 
plastics plant engineering rubber  shipbuilding shoe 
software transportation turbine utility watch 

Fig. 1.26 Industries applying PLM
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has to be exchanged with other organisations. Applications have to be managed, and
people have to be trained to work as effectively as possible with PLM.

The list of products for which PLM is used is long. It includes agricultural machin-
ery, aircraft, beverages, cars, chemicals, computers, consumer electronics, electrical
equipment, electricity, elevators, escalators, food, furniture,machine tools,machines,
medical equipment, medicines, office equipment, offshore structures, pharmaceu-
tical products, power plants, power transmission belts, processed food, refrigera-
tors, rockets, ships, shoes, smartphones, software, telecommunications equipment,
telecommunications products, toys, trains, turbines, washing machines, watches and
windows.

PLM is about “managing products across their lifecycles”, and it applies to any
company with a product. It applies to companies making many identical, or similar,
products such as cars, machines and electronic equipment. It also applies to com-
panies making one-of-a-kind products, and for companies such as “job shops” in
which every product is customised to the customer’s requirements. PLM is vital to a
job shop because it provides control and visibility over each individual product. The
configuration management features of PLM make sure all the information about the
product is under control. And PLM keeps track of what was ordered and what was
delivered, and what was done to the product after delivery to the customer.

PLM is used throughout the world. It’s used in North America, South America,
Asia, Australasia, Africa and Europe.

1.9 Benefits of PLM

With its focus on the product, companies are looking for PLM to provide strategic and
operational benefits. The specific benefits across the product lifecycle are different for
each individual company. However they usually fall into three categories: financial,
time, quality; operational; and taking opportunities.

1.9.1 Financial, Time, Quality

1.9.1.1 Revenue Increase

The source of future revenues for a company is the creation of new products and
services. PLM is the activity that enables a company to grow revenues by improving
innovation, reducing time-to-market for new products, and providing superb support
and new services for existing products.

The benefits of PLM are of interest to executives. They’re measurable and visible
on the bottom line. Typical current targets for PLM are to increase product revenues
by 30% and reduce scrap, warranty and recall costs by 50%.
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Fig. 1.27 The benefits of PLM translate into increased revenues
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Fig. 1.28 The benefits of PLM translate into reduced costs

PLM enables the value of a product to be maximised over its lifecycle. With
accurate, consolidated information about mature products available, low-cost ways
can be found to extend their revenue-generating lifetimes.

One way to understand the benefits of PLM is to focus on the revenue increases
it can provide. Revenue increases can be achieved in many areas (Fig. 1.27).

Sales of mature products can be increased by lengthening the life of the product.
For example, with more frequent product enhancements, product derivatives, niche
offerings, and add-ons to product platforms.

Sales of new products can be increased by introducing innovative new products,
and by developing and delivering products faster.

1.9.1.2 Cost Reduction

PLM enables a company to reduce product-related costs. It’s important, for several
reasons, to reduce these costs. Firstly, that will boost profits. Secondly, if costs are
not reduced, the customer may choose a competitor’s product that costs less than the
company’s product.

Product-related material and energy costs are fixed early in the product develop-
ment process. PLM provides the tools and knowledge to minimise them. And PLM
helps cut recall, warranty and recycling costs that come later in the product’s life.

Many executives see cost reduction as an important reason for introducing PLM.
There are many areas in which costs can be reduced (Fig. 1.28).

1.9.1.3 Time Reduction

PLMhelps bring newproducts tomarket faster. It’s important for a company to bring a
product tomarket quickly.Otherwise the customerwill choose a competitor’s product
before the company’s product gets to market. Getting the product to market earlier
also means revenues are generated earlier. And the product’s life is lengthened.

Time reduction is an important reason to introduce PLM. There are opportunities
throughout the product lifecycle (Fig. 1.29).
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Fig. 1.29 Potential sources of time savings with PLM
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Fig. 1.30 Potential sources of quality improvement with PLM

1.9.1.4 Quality Improvement

Quality Improvement is also an important reason for introducing PLM. Again, there
are opportunities across the product lifecycle (Fig. 1.30).

1.9.2 Operational Benefits

PLM offers a myriad of operational benefits. PLM helps companies to develop and
produce products at different sites. It enables collaboration across the design chain
and the supply chain. PLM helps manage Intellectual Property. It helps maximise
reuse of product knowledge. It helps bring together the management of products
and processes, and to get processes such as engineering change management under
control. It helps ensure compliance with regulations.

PLM gives transparency about what’s happening over the product lifecycle. It
offers managers visibility about what’s really happening with products and with
product ideation, development, modification and retirement projects. Without PLM,
they are often faced by a huge mass of conflicting information about a product. PLM
gives them the opportunity to manage better. With access to the right information,
they can make better decisions.

PLM gets products under control across the product lifecycle. As a result, man-
agers face less risk and fire-fighting. They can spend more time on preparing an
outstanding future with awesome products.

PLM provides benefits throughout the product lifecycle (Fig. 1.31). Examples
include getting products to market faster, providing better support for their use, and
managing their end of life better.

1.10 Overcoming Problems, Enabling Opportunities

PLM provides companies a way to overcome problems with existing products and
with the development of new products. It also helps them seize the many market
opportunities for products in the early twenty-first century.
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More ideas Standards adherence Lower material costs Warranty costs cut Better compliance

Fig. 1.31 Benefits from PLM in each phase of the product lifecycle

1.10.1 Managing the Product Isn’t Easy

Managing a product across its lifecycle isn’t easy. During the development of a
product, it doesn’t physically exist. Not surprisingly, during that phase of life it’s
difficult to control. Once a product does exist, it should be used at a customer location,
where again, it’s difficult for a company to keep control of it.

Within a company, the responsibility for the product may change at different
phases of the product lifecycle. Maintaining a common coherent approach in these
circumstances can be difficult and time-consuming. It becomes even more chal-
lenging in the Extended Enterprise environment. The issues are then no longer just
cross-functional but also cross-enterprise. And it becomes even more challenging
when a company works in different Extended Enterprises for different products. At
different times the responsibility for the product may then be with many groups in
different companies. They may be on several continents, in different time zones and
speaking different languages.

With globalisation, management of products became even more complex. Even
small and medium-sized companies faced competitors all over the world bringing
out similar products, but with better cost/performance than their own. The result of
the increased competition was that companies had to be more innovative, develop
better products, develop them faster and develop them at lower cost. Globalisation
also meant that companies had to be close to customers in many places, and to
understand customer requirements and sell products inmany environments.However,
the situation in different countries is different. Companies have to understand and
take account of these differences. For example, they have to get pricing right in
many different environments. They also have to provide technical information, parts,
products and service in many locations and languages. They must meet regulations
in many countries. They have to coordinate the launch of new and modified products
for the global marketplace.

Many questions have to be answered. For which geographical markets should we
offer our products? The whole world? One continent? Several continents? Just a few
countries? If so, which ones? Should we introduce a new product everywhere in the
world at the same time, or introduce it first in one market, then in the others? Do we
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understand these markets well enough? Should we have one product for customers
throughout the world? Or should we have slightly different products in each region?
Where will we develop our products? In a single location where we can bring our
best people together and give them the best tools in the world? Or in each market, so
they can be closer to customers?

1.10.2 Loss of Control

In such a complex and challenging environment, it’s easy for companies that ideate,
develop, produce and support products to lose control over a product.

If a company loses control, the consequences can be serious. If it loses control
during product development, the product may be late to market and exceed the
targeted cost. The results of losing control during use of the productmaybe frustration
and a lack of satisfaction for the customer, or much worse, injury and death. For the
company, the results may be damage to the company’s image and loss of customers
concerned about product problems. The results could also include loss of revenues
to companies that bring competing products to market faster. Another result could
be reduced profit due to costs of recalls and legal liabilities resulting from product
use.

Some big numbers can be involved. For example, some figures were given in a
January 2010 U.S. Government Accountability Office report. This showed that the
cumulative cost growth in the Department of Defense’s portfolio of 96major defense
acquisition programs was $296 billion and the average delay in delivering promised
capabilities to the warfighter was 22 months.

An example of a product that was late to market is the Airbus A380. Delivery of
the first A380 was originally planned for the last quarter of 2005. It was eventually
delivered in the second half of 2007, two years late. The cost of late delivery was
estimated to be $6 billion.

The problemwith the A380 occurred well into the development project. However,
problems with products can occur even earlier in their lives, for example during their
specification. At the time of the commercial launch of the Airbus A350 in December
2004, it was expected to enter service in 2010. The initial specification was based on
an extension to an existing aircraft. That implied rapid availability and a relatively
low development cost. However, in view of limited interest from potential customers,
an aircraft with a new design, the A350 XWB (Extra Wide Body), was proposed in
2006. Entry into servicewas announced for late 2014, four years later than previously
expected. The first plane was delivered to Qatar Airways in December 2014.

Problems can also occur during product manufacture. For example, in 2006, com-
puter makers such as Apple Computer, Dell, Hitachi, Lenovo and Toshiba announced
the replacement of Sony-made lithium-ion batteries that could overheat in certain
circumstances and pose a safety risk. In January 2013, after problems with lithium-
ion batteries on JAL and ANA Boeing 787s, the Federal Aviation Administration
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(FAA) ordered all 787s grounded. The order was lifted in April 2013 after battery
and containment systems had been redesigned.

Problems can also occur during product use. On 25 July 2000, the crew of an
Air France Concorde noticed a loss of power and a fire under the left wing soon
after take-off from Paris. The aircraft went out of control and crashed onto a hotel.
Two years earlier, on 2 September 1998, not long after take-off from New York,
the flight crew of Swissair Flight 111, an MD-11, noticed an abnormal odour in the
cockpit. Their attention was drawn to an area behind and above them, but whatever
it was apparently then disappeared. They decided it was smoke and decided to land,
unaware of a fire above the ceiling in the front area of the aircraft. The fire spread,
degrading aircraft systems and the cockpit environment. The aircraft crashed into
the Atlantic Ocean near Halifax, Nova Scotia. In April 2019, Fisher-Price recalled
Rock ‘n Play Sleepers. About 4.7 million products were concerned. According to the
U.S. Consumer Product Safety Commission (CPSC), infant fatalities had occurred
in Rock ‘n Play Sleepers, after the infants rolled from their back to their stomach or
side while unrestrained, or under other circumstances.

Problems can also occur at product end-of-life. For example, the French Ministry
of Defence had problems in 2005 and 2006 with Q790, previously known as the
aircraft carrier Clemenceau.With hundreds of tons of asbestos on board, dismantling
the hull for scrap was never going to be easy. A failed attempt to dismantle Q790
in Turkey was followed by a decision to dismantle it in India. Q790 left Toulon in
France at the end of 2005 to be broken up at Alang in India. After being refused entry
to India, it was towed 10,000 miles back to France.

Counterfeiting can be another result of loss of control. Companies making prod-
ucts as different as software, clothing,DVDs andpharmaceuticals suffer fromproduct
counterfeiting and product pirating. A 2009 report from the Organisation for Eco-
nomicCo-operation andDevelopment indicated that international trade in counterfeit
and pirated products could have been up to $250 billion in 2007.

Another type of product-related problem was highlighted in 2006 when it was
announced that the FBI had thwarted an attempt to steal and sell Coca-Cola’s trade
secrets, apparently including information about a new product.

In 2016, it was reported that French shipbuilder DCNS suffered a leak of 22,400
pages of secret documents. The documents detailed the combat capability of the six
Scorpene-class submarines that DCNS designed for the Indian navy.

Problems aren’t limited to high profile products and companies. Each month the
website of the U.S. Consumer Product Safety Commission lists recalls of products
such as drinking glasses that can break during use, cameras that can overheat, stools
that can become unstable, lawn sprinklers that can crack, candle packaging that can
ignite and sweatshirt hood drawstrings that pose a strangulation hazard to children.
According to theCPSC, deaths, injuries and property damage from consumer product
incidents cost the US more than $1 trillion annually.

Similarly, eachmonth the U.S. Food andDrugAdministration lists recalls, market
withdrawals and safety alerts of products such as frozen strawberries, eyedrops, blood
glucose test strips, wet wipes and pharmaceutical drugs. And, each month, the Office
of Defects Investigation of the National Highway Traffic Safety Administration lists
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Problem Area Issue(s) 
  
Products Incorrectly, or unclearly, defined products 
Data Data out of control; data in silos; different definitions of data; incorrectly 

structured data 
Processes Processes not defined; unclear processes; conflicting processes 
Applications Islands of Automation; missing applications, ineffective application interfaces; 

unaligned applications leading to manual data re-entry and errors 
Projects Project status vague; unclear project objectives; too many projects 
Equipment Machines and software licences under-utilised or not used 
People Specific skills missing; lack of training 
Organisation Working methods not defined; differences between structures on different sites 

Fig. 1.32 Some reasons for issues with products

Vehicle Recall Reports addressing parts such as automatic transmissions, fuel tanks,
wiper motors, hoses, connectors, nuts and bolts.

1.10.3 Sources of Problems

Companies don’t want to have problems with their products. These problems can
cost a lot of money. If a problem does occur, a company will do everything it can to
understand the source, and to prevent the problem happening again. In pre-emptive
mode, companies try to identify and understand potential problems with a view to
preventing them occurring. Time and time again it’s found that the issues are related
to the components that appear on the PLM Grid (Fig. 1.32).

1.10.4 Opportunities

PLM provides a way to overcome problems with the use and support of existing
products, and with the development of new products. But PLM doesn’t just have
the potential to solve problems in the product lifecycle and in new product develop-
ment. It also helps companies seize many market opportunities for new products in
the early twenty-first century. Existing technologies such as electronics, computing,
telecommunications, robotics, biotechnology, nanotechnology and the Web all offer
scope for new products, as do newer technologies such as the Internet of Things and
those of Industry 4.0.

PLMenables companies to take advantage of themany product-related opportuni-
ties available at the beginning of the twenty-first century. Some of these opportunities
are the result of new technologies such as Social Technology,MobileTechnology,Big
Data, Analytics and the Cloud. Others are due to social and environmental changes,
or to macroeconomic forces such as globalisation.

Globalisation has led to huge opportunities. Billions of people can now benefit
from products to which they previously had no access. Companies can offer products
to a global market. The resulting opportunities for sales and profits are enormous. (So
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are the potential risks.) For most companies it’s only recently that such opportunities
have been available. In the 1990s, although many companies were international, or
multinational, only a few were able to offer a product throughout the world. Others
were limited, for one reason or another, to smaller markets. As a result of the changes,
the potentialmarket formost companies is no longer a fewhundredmillion customers
for the product in a local regional market, but over 7 billion customers worldwide.
Which means that, for many companies, the potential market is already more than
20 times larger than before. And the market is expected to grow to 8 billion by 2025,
and 9 billion by 2040.

The number of opportunities opening up in the twenty-first century seems bound-
less. Perhaps it was too risky to pursue them when the product development process
was out of control, production runs in faraway countries had unexpected problems,
and customers complained continually about product problems. But that was in days
before PLM, when the paradigmwas departmental. Now PLM’s here, allowing com-
panies to develop and support tiptop services and products across the lifecycle.
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Chapter 2
PLM and Its Environment

2.1 This Chapter

2.1.1 Objective

The objective of this chapter is to give a basic introduction to the product-related
environment of a typical company before PLM emerged. This overview will help
those in a company’s PLM Initiative to understand some of the reasons why PLM
emerged and why it’s so important. In turn, this understanding will help them to
participate more fully in their company’s PLM Initiative. This chapter also aims to
give students of PLM a basic understanding of the product-related environment of a
company before the emergence of PLM.

2.1.2 Content

The first part of the chapter is an introduction to the product-related environment of a
generic company before the emergence of PLM. It describes some of the issues, such
as departmental organisation structures, serial workflow and piecemeal improvement
that typified this environment. They resulted in slow and costly product development
and support. The second part of the chapter addresses product data, which was
another problem area for companies before the emergence of PLM. The third part
of the chapter looks at the increasingly complex environment for products in the
late twentieth and early twenty-first centuries. This environment became so compet-
itive that companies couldn’t afford to continue with the slow and costly product
development and support practices used in the twentieth century. The fourth part of
the chapter presents some of the feedback from a review of a particular company’s
environment before it implemented PLM. It illustrates many of the issues addressed
in the preceding parts of the chapter. The fifth part of the chapter gives examples of
some of the problems with products that occurred in other companies. PLM has the
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potential to help companies avoid such problems. The sixth and final part looks at
the opportunities opening up for companies in the twenty-first century. PLM enables
companies to seize the many market opportunities for new products in the early
twenty-first century.

2.1.2.1 Skills

This chapter will give students, who’ve been assigned this book for coursework, a
basic understanding of a typical company’s product-related environment before the
emergence of PLM. They’ll learn about some of the issues that occurred with the
departmental paradigm. They’ll know how some people felt about that environment.
They’ll understand theproduct pains that occurred in this environment. They’ll see the
potential product gains and opportunities that are opening up in the early twenty-first
century. They’ll be able to explain, communicate and discuss about the departmental
paradigm and the environment before PLM.

2.1.3 Relevance

People joining a company’s PLM Initiative may ask, “Why PLM, what’s it for, why
do we bother, why do we do this?” The answer lies partly in the past, in the way that
companies worked before the emergence of PLM. But, why are things that happened
before PLM relevant to a company’s PLM Initiative?

A company only invests in an Initiative in order to improve performance. It invests
in an Initiative so that it will operate better in the future than previously. When a
PLM Initiative is proposed, the company’s management will want to know what’s
going to improve. Executives will want to know what bad things won’t be repeated
in the future. They’ll want to know what great achievements will be attained in the
future. The company knows how it wants to operate in the future, the “PLM way”.
Comparing this to the previous way will help show the changes that are needed and
the size of the changes. And, in turn, these will show the structure and size of the
PLM Initiative.

This chapter looks at the issues that occurred in the typical company environment
before the emergence of PLM. It will help people understand “Why PLM?” And, in
turn, help them to participate more productively in a PLM Initiative.

2.1.3.1 It Depends Where You’re Starting from

I remember reading, many years ago, a story about a tourist lost in the Irish country-
side. At a crossroads, he sees a local farmer, and asks the best way to Dublin. After
a few seconds, the farmer replies, “It depends where you’re starting from”. It’s the
same with PLM. The best way to get to PLM will depend on where you start from.
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A company could ask the best way to get to PLM. The answer is, as the farmer
said, “It depends where you’re starting from”.

But from where does the road to PLM start? What was the environment before
PLM emerged? Another question, how long will it take before all traces of the previ-
ous environment disappear? This is important because if, for example, the previous
departmental environment disappeared by 2005, it’s not relevant for people planning
for 2025. But if it’s not going to disappear until 2035, it is relevant, but to what
extent? And another question, what was the name of “Before PLM”?

2.1.3.2 Time for Complete Change

While I was looking for the answer to the question about “Before PLM”, Brad
Goldense wrote an article for 2PLM ezine called “The Embodiment of Open R&D
InnovationManagementBegins”.Brad is thePresident ofGoldenseGroup Inc. (GGI)
and an expert on innovation, R&D and product development. The article was based
on the results of GGI’s “2014 Product Development Metrics Survey”. In the article,
Brad wrote

Open Innovation [OI] is the ability of a corporation to invent and innovate using outside
sources and resources, excluding the use of contracted personnel to supplement employee-
equivalent responsibilities.

The credit for coining the term, and beginning the body of knowledge related to Open
Innovation, is generally given to Henry Chesbrough and the publication of his first book
on Open Innovation in 2005. Certainly the underpinnings of this work began years before.
Arguably, “the beginning” was the popularization of “benchmarking other companies” in the
1980s which changed historical practices of keeping private information within a company.
Robert Camp’s book on benchmarking in 1988 methodized corporate practices that had
begun a few years earlier.

Bodies of knowledge take four to six decades to flesh-out and mature.

Brad’s estimate of the time taken for a body of knowledge to mature caught my
eye. My estimate of the time it would take for “Before PLM” to disappear had been
between one and two generations. I’d reasoned that, before someone could change
a company to the PLM way, they would need to have worked at least 10 years in
industry. And they’d need maybe 5 to 10 years to change the company. But, before
that, theywould have needed to be taught by a teacher or professorwho had evenmore
experience of PLM in industry. In 2014, only a handful of universities worldwide
offered PLM courses. With that reasoning, it looked as if “Before PLM” would be
with us for at least thirty or forty years.

The time for the PLM Body of Knowledge to flesh-out and mature is related to
the time it’s going to take for “Before PLM” to disappear. I discussed this with Brad.
He said his figure for bodies of knowledge was based on his experience, and cited
examples from other areas such as ERP, project management, nanotechnology, and
robotics. Taking an unscientific approach, based on his estimate and mine, it looks
as if it will take about 40 or 50 years for “Before PLM” to disappear.
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1982 W.E. Deming published “Out of the Crisis”
1983 Theodore Levitt wrote an article called ‘Globalization of Markets’
1985 Michael Porter published 
1986 Robert Cooper published “Winning at New Products”
1987 The Brundtland Commission reported on Sustainable Development
1987 Publication of ISO 9000
1989 Robert Camp published 

1990 The worldís first website and server went live at CERN 
1990 James Womack published 
1991 The Cold War ended
1992 Publication of “Engineering Information Management Systems: Beyond CAD/CAM 

to Concurrent Engineering Support”
1993 Publication of “Mass Customization: The New Frontier of Business Competition” 
1993 Michael Hammer published “Reengineering the Corporation”
1996 John Kotter published “Leading Change"
1997 Clayton Christensen published “The Innovatorís Dilemma: When New Technologies 

Cause Great Firms to Fail”
2000 European Commission proposal C365E for the Restriction of Hazardous 

Substances (ROHS)
2001 Emergence of PLM
2004 Publication of the first edition of “Product Lifecycle Management: 21st Century 

Paradigm for Product Realisation”

“Competitive Advantage”

"Benchmarking: The Search for Industry Best Practices 
That Lead to Superior Performance"

"The Machine That Changed the World"

Fig. 2.1 Twenty years of change leading up to the emergence of PLM in 2001

2.1.3.3 Starting from, Ending In

From thedatewhenPLMemerged, and the likely time for “BeforePLM” todisappear,
the date at which “Before PLM” will have totally disappeared can be calculated.

PLM emerged in 2001. It was needed in the new global environment for products.
The previous 2 decades had seen many and frequent new ideas and changes, both in
the World at large, in Manufacturing, and in the little world of PLM (Fig. 2.1).

2.1.3.4 The Name of “Before PLM”

In the second edition of this book, I referred to “Before PLM” as Pre-PLM. A
reader pointed out that this could be confusing. Marie-Cécile Huo is the President of
KIMETIS, a Knowledge Management and PLM consultancy. She pointed out that,
although PLM emerged in 2001, companies didn’t immediately stop operating the
previous way and switch overnight to the “PLM way”. Instead they went through
a transitional phase on the way to PLM, a phase that could be called Partial PLM
(Fig. 2.2). This phase started at different times in different companies. And during
this phase, which varied in length from one company to another, they were on the
way to PLM. During this transitional phase, some people in the company would say
that they were doing PLM. Other people in the company wouldn’t even have heard
about PLM. PLM was very much in the eye of the beholder.

Some companies start the transition to PLM early, some start it later. Some com-
panies transition quickly, other companies take longer.
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Fig. 2.2 Four different paths
to the PLM environment

2.1.3.5 The End of “Before PLM”

On the basis that PLM emerged in 2001, and it will take about 40 and 50 years for
“Before PLM” to disappear, the previous environment won’t disappear until at least
2040. So, an understanding of that environment is relevant to companies wanting to
achieve PLM before 2030.

2.2 Issues with the Departmental Paradigm

Among the main issues in the departmental environment were serial workflow,
departmental organisational structures and piecemeal improvements.

2.2.1 Serial Workflow

In the departmental environment, workflow was serial. A product might start life
in the marketing department, and then go through conceptual design, engineering
design and analysis, testing, detailed design, manufacturing engineering, process
planning, tooling, NC programming, production planning, purchasing, machining,
assembly, testing, packaging, technical publishing and installation. In the middle
of life it would be used and maintained. Then, at the end-of-life, there would be
activities such as retirement and disposal.

In the departmental environment, it could take a long time for a new product to get
to market as it went through the Marketing, Engineering, Manufacturing, Sales, and
Support chain. First of all, Marketing came up with a new idea. This didn’t take long
because the people in Marketing were very bright and well-educated. They wanted
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to get the product on the market before the competitors. That way, it would make
a lot of money for the company. However, when they talked to Engineering, they
were told that Engineering was already overburdened with far too many projects.
Engineering couldn’t start work on yet another new product!

When Engineering did have some free time, it realised it didn’t quite understand
Marketing’s idea. Engineering asked for more details, but theMarketing people were
away at an international meeting and wouldn’t be back for two weeks. When they
did come back, the Engineering Manager was away. The Engineering project leader
who had been assigned to the idea discussed it with the people in Marketing. A
week later he went back to Marketing with some suggested changes. Marketing had
also thought of some changes, and the engineers went away to see if they could
develop something from the new ideas. When they had defined everything down to
the last detail, they passed it over to Manufacturing. Manufacturing replied that it
couldn’t produce the product the way it had been designed, and asked Engineering to
change it. The changes would have such an effect that Engineering decided to check
with Marketing. When they did, they found that in the meantime, Marketing had
realised that some additional functions were needed. And Marketing had come up
with some new ideas for the packaging. The engineers went away to see if they could
develop new ideas. This iterative process continued until the departments eventually
agreed about the product and its release to the market. A prototype was installed for
a customer. The installation engineer claimed that installation time was too long, and
proposed some changes. The customer toldMarketing the product was too expensive,
and anyway, didn’t behave the way it should.

The result of this approach was that the product got to market late, was too expen-
sive, and didn’t meet customer requirements. It took so long because the departments
worked in series.Marketing took2weeks to do its job, thenEngineering took7weeks,
then back to Marketing for 1 week. Then on to Engineering for 3 weeks, then on
to Manufacturing for 2 weeks, then back to Engineering for 2 weeks. Then back to
Marketing for 1 week, then on to Engineering for 1 week, then on to Manufacturing
for 3 weeks. Then back to Engineering for 1 week, then on to Manufacturing for
2 weeks. 2 + 7 + 1 + 3 + 2 + 2 + 1 + 1 + 3 + 1 + 2 = 25 weeks (Fig. 2.3).

Then Service took a week, and the customer took 4 weeks to do a one-day test.
Then, Service took another week to write its report. Engineering had to make a
change which took another 2 weeks. Marketing took a week to review the change.

Fig. 2.3 To and fro for
25 weeks

Marketing Engineering Manufacturing

2 weeks
7 weeks

1 week
3 weeks

2 weeks 

2 weeks 

2 weeks
1 week

1 week
3 weeks

1 week
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Marketing Engineering Manufacturing Service Customer

1 week
4 weeks

1 week
2 weeks

1 week
3 weeks 

Fig. 2.4 To and fro for another 12 weeks

The change took 3 weeks to go through Manufacturing. 1 + 4 + 1 + 2 + 1 + 3 =
12 weeks (Fig. 2.4).

5 weeks in Marketing, 16 in Engineering, 10 in Manufacturing and 2 in Service,
and the whole thing was stretched out over 37 weeks.

Working in series increased costs. During the 11 weeks out of the first 25 weeks
that the product was in Marketing and Manufacturing, Engineering wasn’t working
on it. Assume that the engineers weren’t working on another product. What hap-
pened to their wage costs during those 11 weeks? They were added to the product
cost. The product cost (and price) was increased to include 11 weeks of non-value
adding Engineering time. Time is money. The longer a product stays in the product
development phase, the more costs it picks up.

2.2.2 Departmental Organisations

Although the above approach may appear nonsensical, there are good reasons for
organising the company in departments (Fig. 2.5).

However, although there are many good reasons for organising the company in
departments, there are also many disadvantages. Serial product workflow through
the departments was just one of the problems (Fig. 2.6).

In the departmental environment, product development and support were carried
out in a conflictual atmosphere with individual departments competing against each
other and reacting to problems. Changes, scrap, delays, workarounds, waste, and

get people to focus on a few specific activities propose people a clear career path
encourage people to excel in a few activities have clear responsibilities in the department
train people about departmental working methods use the most appropriate tools for the job
give individuals the time to learn specific skills let people get to know their colleagues well

Fig. 2.5 Some advantages of a departmental organisation

multi-level hierarchies inter-departmental disputes products not meeting customer requirements 
use of specialist jargon departmental empires and emperors uncoordinated performance targets
poor communication serial workflow walls built to demarcate departmental frontiers

Fig. 2.6 Some problems of the departmental organisation
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rework were seen as normal behaviour. Management focused on supervising individ-
uals. Firefighting was necessary and rewarded. Internal bureaucracy, back-stabbing,
turf battles, and cosmetic changes to the organisation chart added problems and
unnecessary operations on an on-going basis. The only thing that seemed to keep
such organisations together was their fear of the common enemy, the customers.

In the departmental environment, people in different functionsweren’t encouraged
to communicate freely. Often they didn’t agree about what they were doing. At one
extreme, forward-thinking engineers developed products that customers might not
want. At the other extreme, salespeople sold products that Engineering couldn’t
develop. And Marketing proposed products that it thought customers wanted, but
customers didn’t actually buy. Service engineers didn’t get the information to enable
them to track product revisions. As a result, they couldn’t control the timing or cost of
repairs and upgrades. Management couldn’t assess the business impact of a change
to a product because no-one knew what was really going on. In some companies,
management got so frustrated that it set up a parallel organisation outside the company
to do the job better. And from there, it was only one step to outsourcing all product
development and support.

Marketing’s estimate of the cost of a product development project might differ
from R&D’s, and from that made in F&A. After talking to F&A, Marketing might
have had discussions with R&D and changed its customer segments and estimates.
Marketing might propose products that R&D couldn’t develop. Someone in R&D
might have said that it would be good to develop them, but not meant to imply
that they could be developed. Design engineers might send manufacturing engineers
designs that couldn’t be produced. The design went back for rework. Engineering
changes costing thousands of dollars resulted.

The Engineering/Marketing, Engineering/Finance and Engineering/Field fron-
tierswere also sources of problems. Sales people offered customised versionswithout
knowing if it would be possible to produce them profitably. Design engineers were
unable to get the cost information they wanted from the Finance function. Finance
professionals were unable to get the information they needed from the Engineering
function. Design engineers didn’t receive field reports about product performance in
the field, and designed existing problems into new products. Maintenance require-
ments weren’t taken into account during conceptual design.

One reason the product was too expensive was that so much time was used up in
the development process. And, with so many false starts, the real customer require-
ments could easily get lost. Another reason that the product might not meet customer
requirements was that too many decisions were taken inside the departments without
any reference to the customer. Errors and misunderstandings crept in as the prod-
uct description was sent to and fro between departments. Each department used the
vocabulary best suited to its activities. It had difficulty communicating with the other
departments which used their own vocabularies. Errors and other confusion crept in
through misunderstanding of each other’s jargon.

And, if an error got into the design, often it wasn’t clear who was responsible
for getting it out. Marketing might look at a problem and decide it was a problem
for Engineering to resolve. Engineering might look at the problem and decide it
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was a problem for Marketing to resolve. Manufacturing might look at the problem
and decide, like Marketing, that it was a problem for Engineering to resolve. Support
might look at the problem, and see the solution, but not tell anyone, on the assumption
that someone else had seen it as well. Everyone spent time looking at the problem,
but no-one felt directly responsible, so no-one solved it.

2.2.3 Piecemeal Improvements

The departmental environment was based on the premise of each department being
excellent at a limited number of activities.

But if the departments are assumed to be excellent, can they improve? Let’s
assume they can but, if they are the company’s experts in their specific area, such as
Engineering, it seems logical that nobody else in the company can help them. Can
you imagine experts in Engineering asking people from Marketing for advice about
Engineering activities?

So, if performance improvements are really needed in a departmental organisation
they are, naturally, implemented on a departmental basis. Each department works on
its own improvement projects. Each department is responsible for its own perfor-
mance, so does what it can to improve itself. Each department does its “piecemeal
improvement”. This has three main characteristics. It mustn’t affect the other depart-
ments, because that’s not the way departmental organisations behave. It must involve
IS applications because “everybody knows” they improve everything. Thirdly, the
project must be aMega-project, a huge project that by its magnitude alone will attract
management attention and demonstrate the quality of the department.

In the Marketing Department, for example, Big Data and Social Media initiatives
are launched. Bigger databases and more powerful servers are brought in to under-
stand customer needs better, and to provide better segmentation of customer profiles.
More Customer Focus Groups are created in faraway locations. Sales Associates are
equipped with the latest mobile devices to enable them to stay up-to-the-minute with
customers’ unique needs, trends, recaps of previous sales meetings, latest prices and
discounts.

The Support Department puts its database of product information on the Cloud
to provide service engineers with access wherever they are, at whatever time. In the
Engineering Department, old generation CAD applications are replaced by the latest
technology. 3Dprinters are installed to produce prototypes rapidly. EDMapplications
are upgraded to PDM applications. The Manufacturing Department upgrades the
controllers on its existing NC machines, and buys powerful new machine tools.
More modules and interfaces are bought for the ERP application. It’s moved off
hardware with an old architecture to one with a new architecture.

The result of these projects is generally invisible. The company continues to
produce products that are late to market, cost too much, and are of poor quality.
Even if Engineering buys the most modern CAD technology, it’s not going to make
much difference. Designing products that customers don’t want with a modern CAD
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Fig. 2.7 Many product-related problems

application isn’t any better than designing products that customers don’t want with
an old CAD application. More unwanted designs will be produced, creating even
more pressure on Manufacturing, and distorting the production plans. And when the
products do get into use, there are problems, and they have to be recalled.

After all the investment in departmental improvement initiatives, companies still
suffer from many product-related problems (Fig. 2.7).

2.3 Product Data Issues

Another issue that companies had to face at the end of the twentieth century was the
rapidly growing volume of product data.

2.3.1 A Lot of Product Data

Companies have a lot of data describing their products.All but the smallest companies
have thousands, or even millions, of drawings and other documents describing their
products. One company calculated that it needed 250,000 pages of paper to describe a
new product, and that, on average, each of these was reproduced 30 times. Printed on
paper, the technical documentation for a helicopter weighs more than the helicopter.
That for a submarine exceeds 100,000 drawings, of 10 different sizes, weighingmore
than 5 tons. Some of the data is huge. A single 3D CAD part model may take up
several gigabytes. Some companies have hundreds of thousands, or millions, of such
models. As an example of the volumes of data involved, in 2001, a major outsourcing
contract for technical document services was agreed by Rolls-Royce plc, a global
company providing power for land, sea and air. At that time,Rolls-Royce plc annually
produced 96 million copies, 20 million printed drawings, microfilms and geometric
designs, and archived over 30 million drawings.

In the departmental environment, each department was responsible for its per-
formance, so wanted to manage its own data. But a lot of this data was needed by
people in other departments. The easiest way to give them all access was to take
copies for everybody. However, once several copies had been made and distributed,
it was difficult to keep them synchronised. When a change was needed, perhaps
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some copies weren’t changed, some users weren’t informed, and some downstream
functions weren’t alerted. Errors resulted.

In the departmental environment, to find specific information, people had to search
through a lot of paper and electronic files. This wasted valuable time. Studies showed
that design engineers spent up to 80% of their time on administrative and information
retrieval activities. Sometimes they just made a simple request for information that
“belonged” to another department, and had to wait several days to get it.

In the departmental environment, there were many opportunities for errors to
creep in to product data. Data entry was often poorly controlled. It was easy to
type the wrong character or copy the wrong file. Data got lost and couldn’t be
retrieved. Then it was re-created and errors were introduced. Due to gaps between
incompatible applications in different departments, data was transferred manually
between the applications. Errors occurred. Some were spotted and corrected. Others
slipped through, and weren’t discovered until they caused product problems.

2.3.2 Poor Change Management

Companies were aware of the importance of product data. They knew that any errors
in the data could have disastrous effects on the product.

To avoid problems they carried out multiple checks on information before it was
officially approved and released. And they had Engineering Change Management
(ECM) processes and systems to control any changes that might be required later.
However, in the departmental environment, these systems were often bureaucratic,
paper-intensive, complex and slow. A central engineering services group might have
had the responsibility, but not the tools, to push the changes through as quickly as pos-
sible. Many departments could be involved (one manufacturer found that, depending
on the change, up to 16 departments were involved). As a result, it could take several
months, and fifty or more different documents, to get a proposed change approved
and incorporated into the product design. Even when a change had been agreed and
announced,manymonths could go by before the corresponding documentation got to
the field. Though the change process took months, the actual processing time might
only have been minutes or hours. The rest of the time was wasted.

When many changes, and changes to changes, were required, they were difficult
to coordinate. As a result, some unwanted changes could be introduced. And maybe
some required changes didn’t take place. Unreleased versions of data were acquired
by Manufacturing, Sales and Support, causing confusion and waste.

As the data management and change process appeared to be an inefficient and
time-consuming overhead, some people avoided it. Minor modifications were made
to products and drawings without informing anyone. Components were substituted
in end products without corresponding changes being made to test routines. People
failed tomaintain the trace of the exact ingredients in ever smaller batches of products.
Nobody noticed until something went wrong or another change had to be made.
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Eventually, configuration control broke down. Configuration documentation no
longer corresponded to the actual product. Increased scrap, rework and stock resulted.
Incomplete products were assembled and delivered. Customers complained. Field
problems were difficult to resolve. Then, unnecessary effort was needed to find the
source of the problem. And more effort was wasted on fixing it.

2.3.3 Data not Linked to Management Tools

In the departmental environment, project management tools weren’t linked to the
product data being created and used in product development and support projects.
As a result, the project management tool didn’t automatically know the status of the
data. Overlap in data and work resulted, wasting time and money. Any attempt to
save time, by running the various activities of a project in parallel, led to chaos. To
keep everything under control, the activities were run in serial, lengthening project
cycles. Rules and procedures could be ignored because there was no way to enforce
them. Project managers found it difficult to keep up-to-date with the exact progress
of work. They were unable to address slippage and other problems as soon as these
occurred.

2.4 A Complex, Changing Environment

The environment in which products are developed, produced, used and supported
is complex, stressful, competitive and changing. Complex and changing situations
typically have two characteristics, danger and opportunity. Companies that under-
stand the changes can respond to them and avoid the dangers. They can also adapt
and benefit from the opportunities.

2.4.1 Change

One of the reasons that Product Lifecycle Management emerged in the early years
of the twenty-first century is that the environment in which products were man-
aged became increasingly complex. And to make matters worse, the environment
underwent frequent changes.

A lot of companies would be happy if there were never any changes in the product
environment. They could then organise themselves, as well as possible, to provide
customers, as efficiently as possible, the same product, day after day, year after
year. They wouldn’t need new products. Over time, they would probably be able to
eliminate most of the problems with existing products. They could plan exactly how
many products to produce and sell. Everyone would be happy. There would be no
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need for anything to change. As the global population increased, market sizes would
increase. As companies went down the experience curve, they would reduce costs
and increase profits.

However, the situation in the twenty-first century isn’t anything like that. The
world environment for products started to change significantly in about 1965. And
from 1980 onwards, the environment changed radically.

The changes had a huge effect on companies developing and supporting products.
In the early 1990s, one company that I worked with annually renewed less than 10%
of its products. By 2009, it annually renewed 75% of its products.

Another company that I worked with had operations in 6 countries in 2000. In
2010 it had operations in 26 countries. Usually it set up new operations in these
countries. However, sometimes it acquired other companies. Each acquired company
had different systems and procedures. Initially, itwas thought that they could continue
to work with them. However, this caused so many problems that it was decided that,
to get everybody working together effectively, the systems and procedures had to be
aligned worldwide (i.e. in 26 countries).

2.4.2 Interconnections

Not only are companies in a complex environment that is affected by many different
changes, but the changes are often intertwined. As a result, the product environment
is becoming increasingly complex with many interwoven components and numerous
interdependencies being affected by many overlapping changes. The resulting envi-
ronment is so complex that it’s often difficult to see what the changes are, and what
is really driving them, or to understand how they will affect a particular company
and a particular product.

2.4.2.1 Macroeconomic Changes

Some of the changes are primarily macroeconomic and geopolitical (Fig. 2.8). For
example, globalisation is a change that has affected many companies and products.
It can have many effects on a company, even a small one. One positive effect is
that the company can sell its products and services worldwide. It can find many
new customers and increase sales. Another effect of globalisation is that even small
and medium-sized companies are faced with competitors all over the world. And

deregulation rise of service industries fluctuating commodity prices shareholder demands to increase value
globalisation geopolitical developments fluctuating exchange rates multi-cultural, multi-lingual environments

Fig. 2.8 Some macroeconomic challenges facing product companies
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they may find that these competitors bring out similar products, but with better cost-
performance than their own models. As a result, they have to be more innovative,
develop better products, develop them faster and develop them at lower cost.

Geopolitical changes, for example those resulting from the end of the Soviet
Union, affect the product environment. The end of theColdWar led tomany countries
taking different roles in the global economy. In the 1980s, most of Poland’s exports
went toWarsaw Pact countries. In 2009, Poland’s main trading partner was Germany.
In the years leading up to President Nixon’s 1973 visit to China, there was little trade
between China and the US. By 2008, the US was China’s main trading partner.

2.4.2.2 Environmental Changes

Some of the other changes are primarily environmental and social (Fig. 2.9). For
example, in response to the rising recognition of the potential dangers of products
and production to mankind and the planet, the focus on the product lifecycle has
increased steadily. Politicians and ecologists influence business behaviour, forcing
companies to think about environmental issues, waste products and recycling. Issues
concerning the end of a product’s life are increasingly taken into account during the
design stage.

Companies are facedwith an increasing number of regulatory requirements. These
are aimed at protecting customers and others. Regulators need proof that their require-
ments have been met. The proof comes in the form of documents. They include doc-
uments about product characteristics, documents about analysis of the product, and
documents concerning tests of the product. Other documents, for example, process
descriptions, describe the way that work is carried out. Regulations are often volu-
minous and liable to frequent changes. Just managing the regulations, and relating
them to different products and services in different countries, is a time-consuming
task for a company.

Regulations lead to requirements for analysis, auditing and reporting of every-
thing from food and beverages to cosmetics and chemicals. Regulations are often
introduced with the intention of doing good for mankind. The European Union (EU),
for example, introduced the Restriction of Hazardous Substances (RoHS) directive
to address use of lead, mercury, cadmium, hexavalent chromium, polybrominated
biphenyls and polybrominated diphenyl ether. The EU’s Waste Electrical and Elec-
tronic Equipment (WEEE) directive was aimed at managing waste electrical and
electronic equipment. The EU’s End of Life Vehicle directive is aimed at getting
manufacturers to dispose of vehicles in an environmentally sensitive way.

There are increasing demands for product traceability from regulators and con-
sumers to provide and assure safety. Product traceability is important in industries

sustainable development regulatory requirements accidents affecting the environment
recycling directives global warming product traceability

Fig. 2.9 Some environmental challenges facing product companies
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ranging from food and pharmaceutical to automotive and offshore. If an airbag fails,
a car manufacturer wants to find all the others from the same batch as soon as possi-
ble. If an oil rig collapses, any steel parts at fault need to be identified so that similar
problems can be avoided on other rigs. Organisations that can successfully track
products and parts are at an advantage compared to competitors that can’t. Recalls of
millions of parts, or millions of products, are very expensive, and may cost millions,
or even billions, of dollars.

2.4.2.3 Corporate Challenges

Some of the changes in the product environment are due to changes in the way
that companies operate (Fig. 2.10). For example, the changing business environment
provides opportunities for new business models to be developed. This can make life
difficult for companies operating with more traditional models.

Some companies no longer manufacture their products, but outsource all produc-
tion so that they can concentrate on product marketing, development and sales. Some
companies look to the producer of a product to operate it as well. Some companies
offer their products for lease rather than for purchase. For example, aircraft, trains
and cars can be leased. Some software is offered on a pay-for-use basis over the Web
rather than for purchase. Some companies offer guaranteed product performance.
They may guarantee that their products will run for a certain number of hours per
month. Or that a certain percentage of products will still be in service after 10 years.
Some companies cut out the traditional sales force by only selling over the Web.
Others allow customers to set the price they will pay for a product at an online
auction.

Other changes occurred in the late twentieth century and early twenty-first century
as companies adopted and adapted to management theories such as “Lean”. This is
a management theory focused on creating value for the customer, eliminating any
wasteful activities that don’t create such value (Fig. 2.11).

Low-cost product and service providers aim to cut out waste and non-essential
functions. They may get customers to carry out some activities themselves, or to
pay for them separately. Fast-food eateries eat into the restaurant market by offering
reduced choice, standard menus and no waiter service. Other companies compete by

offshoring multi-site activities corporate restructuring high cost of training new employees 
outsourcing change management process reengineering multiple versions of processes 
partnerships knowledge management improved supply chain retirement of knowledge workers 
cost-cutting large volumes of data changing business models increased complexity of business 

Fig. 2.10 Some corporate challenges facing product companies

transportation motion overproduction defects 
inventory waiting non-value-adding processing unused talent 

Fig. 2.11 Waste to be eliminated
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providing ready-to-eat food and drink products that are sold in shops for customers to
eat on the street, or next to you on public transport. Some pharmaceutical companies
focus on providing low-cost generics that have the same effect as existing high-cost
brand-name drugs.

Another change that has occurred in recent years is the increased focus on Intel-
lectual Property. Whether in the form of company proprietary information, trade
secrets, enabled publications, copyright, trademarks, provisional patents or patents,
this is increasingly recognised as a source of company value. Ownership gives rights
over property, whether it’s a tangible property or intellectual property.

Product data/information (product know-how) is one of the most valuable
resources in a company. In the 1980s, it was usually on paper, difficult to access,
difficult to transport. By the year 2010, most product data was electronic, increas-
ingly easy to find and communicate anywhere. To protect it, in the face of increasing
global competition and the potential risks from terrorism and economic espionage,
companies needed an “Intellectual Property Vault”.

2.4.2.4 Technological Changes

Some of the changes that occurred in the product environment are due to new tech-
nologies and new products (Fig. 2.12). For example, many companies now develop
mechatronic products. These are products that contain a mixture of mechanical,
electrical, electronic and software modules. Companies often develop mechanical,
electrical and electronic components in a similar way, with similar processes and
applications. However, the processes and applications used for software develop-
ment are usually very different. Companies have to adapt to work effectively with
both types of processes and applications for mechatronic products.

Inmany industries, onboard electronics and embedded software aremajor areas for
innovation. For example, in 2010, some cars had about a hundred onboard electronic
control units, with tens of millions of lines of software. These devices provide a wide
range of functions, for example, to help drivers find the right direction, park, steer
and avoid other cars. The value of the electronic components in a car may represent
more than 25% of the total value.

Internet and the World Wide Web have enabled the development of many com-
munities. These groups of people have, and share, knowledge and experience of
a particular subject. Sometimes linking thousands of people, they have collective
knowledge and experience greater than that of most companies. Such reservoirs of
knowledge, experience and ideas didn’t exist in the twentieth century. They offer
companies many opportunities. Companies can work with communities to find ideas

IS evolution and complexity  mobile communications Open Source software World Wide Web and Internet 
toolbox Information Systems cloud computing mechatronics social technology 

Fig. 2.12 Some technological challenges facing product companies
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Fig. 2.13 Some product-related challenges facing product companies

for new products and processes, and to identify ways to improve existing products
and processes.

2.4.2.5 Product-Related Changes

By the end of the twentieth century, the environment for developing and supporting
products was changing. Companies were faced with all sorts of issues with products
(Fig. 2.13). Competitors around the world kept on innovating. More and more new
products were launched. The functionality of products kept on increasing, compli-
cating their development and support.

Product development and support got more and more challenging. Products
became increasingly complex with more and more parts and functions. Although
products got more complex, they still needed to be easy to operate, otherwise cus-
tomers wouldn’t buy them. For example, cars contained more and more electronics,
but still needed to be easy to use. Phones hadmuchmore functionality, but still needed
to be easy to use. Since many people were unable even to operate the controller of
their television, companies had to make products that were easy to use, even though
they were actually more complex.

Many companies started to offer complete solutions, rather than individual prod-
ucts. A solution is made up of several products, and the interfaces between them.
Solutions added a new layer of challenges. They were more complex to develop and
support than single products. Some products and solutions got so complex that no
individual could understand them.

Further complicating product development and support, the lifetimes of many
products (for example, telephones and computers) decreased significantly. Many
products had lifetimes of less than a year (Fig. 2.14). The lifetime of some products
was so short that the development of a future generation had to start before the devel-
opment of the previous generation had been finished. In fast-evolving technological
environments, products become obsolete sooner. The reduced time between product
launch and product retirement erodes sales revenues. Since this phenomenon depends

Fig. 2.14 Typical product
lifetimes (2003)

Product Lifetime Percentage of products
with lifetime in this range

less than 1 year 10% 
less than 2 years 20%
less than 5 years 50%
less than 10 years 75%
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on factors beyond a company’s control, the only way it can lengthen a product’s life
is to get it to market earlier.

On the other hand though, but also adding more complexity and complication,
lifetimes for some other products approached 100 years. The B-52, for example, first
flew in 1952. Its original lifetimewas extended until it was expected to fly beyond the
year 2040. The support of products with very long lifetimes, such as aircraft, power
stations and telephone exchanges, is complicated by the many changes in the product
development and support environment that occur during their lifetimes. The media
on which product data was originally stored may no longer exist. The IS applications
that created this data evolve through many versions. Application vendors mature and
disappear. Even the company that made a product may disappear during the product’s
lifetime. For example, Concorde was developed by the British Aircraft Corporation
and Aerospatiale but, by 2000 when a Concorde crashed in Paris, neither of these
companies existed. However, customers and regulations may require companies to
produce documentation about products they, or predecessor companies, developed
50 or more years ago.

Even though product development and support was becoming more complex,
customer expectations were rising. With so many manufacturers around the world
proposing products, why should a customer settle for a second-rate product? Cus-
tomer demands implied better products and services, a wider product range, customi-
sation and market niches. But there was also increasing consumer resistance to price
increases. At the same time, there were technology issues to be faced, including the
effect of the increasing amount of electronics and software in products, the possi-
bilities offered by widespread communication networks, and the rapidly decreasing
cost of computer power.

Business was becoming more complex. There was more and more uncertainty
in developing new products. Uncertainty came from a global marketplace, a wider
range of customers, shorter product lifecycles and more competition. This meant
greater uncertainty about the life of products and investment decisions associated
with them. There was growing competitive and legislative pressure. Legislation such
as that concerned with product liability, deregulation, privatisation, health, safety
and the environment put additional strains on business.

It was difficult for a company to know what the effects of all these changes
would be. That made it difficult to develop long-term plans. The price of failure was
high. Why take the risk? Why risk billions of dollars developing a new commercial
aeroplane when the potential customers may decide, at some unknown date in the
future, not to take up their options, or may not, by that time, even exist?

2.4.3 Changes Driving PLM

Among themany changes that companies faced, some can be seen as global economy
drivers pushing PLM (Fig. 2.15). Executives would look at them and say “we have
to do PLM because the world has changed”.
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Fig. 2.15 Global economy drivers pushing PLM
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Fig. 2.16 Technologies pulling PLM

Other changes can be seen as technological advances pulling PLM (Fig. 2.16).
Executives would look at them and say “we can do PLM because the world has
changed”.

2.4.4 Result

As a result of the changes, many companies felt squeezed between technological
changes on one side and economic forces on the other side (Fig. 2.17).

Among themany changes, some create opportunities, some create problems, some
lead to the need to change, some are the source of more changes. The resulting
changes can drive other changes. Unexpected events resulting from changes can be
a source of further change. All these changes snowball, making it difficult for a
company to know how to respond.

Fig. 2.17 Squeezed between technological changes and economic forces
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In addition, changes have associated risks. Changes in one area may lead to
enhanced risks in another area. If the risks were only related to one component or
change in the environment, it might be easy to manage them. Unfortunately though,
they are often related to many changes, making their management difficult.

It’s sometimes difficult to clarify if a particular change is a driver of change, or an
effect of change, or both. Often, the changes may be seen either as reasons for change
or as effects of change. For example, increased competition could be seen as a reason
for change, or as an effect. For a particular company, increased competition may be
seen as an effect of globalisation. However, for that company, increased competition
may also be seen as a reason for changing the way it operates.

2.5 Example from “Before PLM”

As the following example shows, the complexity, the changes, and the continuing
need to compete can lead companies into difficult situations. The example presents
some of the feedback from a review of a particular company’s environment before it
implemented PLM.

Global Auto Components (GAC) provides an example of the issues found in the
environment before PLM. GAC is a Tier 2 manufacturer of assemblies and com-
ponents for the automotive sector. With worldwide sales of about $3 billion, the
company operates in about 50 countries. The workforce numbers about 10,000.

2.5.1 Introduction

In GAC, product development timelines were too long. GAC had even missed the
windowof opportunity on new products because it couldn’t get into themarket before
the competition.

Forward planning was difficult with uncertainties in sales estimates, competitors
in low-cost countries producing copies, and cost pressures and changes coming from
OEMs. It was expected that, in the future, there would be a need for a greater propor-
tion of software and electronics in products. But these were areas in which GAC had
little experience. Increasingly, there was overlap between projects, and customers
were mixing components together more and more. A need was seen for a more sys-
tems engineering approach to projects in future. This was also an area in which GAC
had little experience.

Top executiveswere highly stressed. Each launchedmany improvement initiatives
in their ownparts of the organisation. They blamed each other’s functional areaswhen
things went wrong. Marketing called for more Customer Focus. R&D managers
included new technologies in products. Business planners examined opportunities
for further global expansion. Acquisition, restructuring and cost-reduction projects
were running in different countries and for different product families.
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In spite of the many improvement initiatives, problems with products continued
and showed no sign of abating. As a result, the CEO decided to call in consultants
to conduct a company-wide product development audit, to identify problem areas,
strengths and weaknesses, and to develop resulting action plans.

To help understand what was happening, we conducted interviews with a range
of people from each function, and the following selection of comments was included
(anonymously) in the report to give the CEO and other readers a feeling for the
perceived situation. The following figures (Figs. 2.18, 2.19, 2.20, 2.21, 2.22 and
2.23) show the feedback from different groups of people in the company.

“We don’t have a clear overview of where we are with our product development projects.”

“R&D doesn’t understand that we have to do business, not just play at making new toys.”

“We agree a budget to develop a product, R&D develops it, then they ask for another budget so they can 
redevelop it and remove their mistakes.”

“Culturally, this company was historically focused on individual products, not on the overall portfolio of products.” 

“We need to get Sales, R&D and the plants to plan together for new products.” 

“We have sales figures for our 65,000 components. I want to see how those sales figures will be affected by new 
products we’re bringing to market. We’ve spent millions on new products that bring less revenue than the 
products they replace. We destroy our own value.” 

“The Board needs a clear overview of project status at every monthly meeting.” 

“I’m concerned about our new products that have a high software content. They’re about a year late to market. 
Early versions are riddled with glitches.”

Fig. 2.18 Feedback from interviews with top management

“With a huge global market, we have countless opportunities, and many ideas for innovative new products and 
services. But R&D is unable to deliver.” 

“R&D reinvents everything. We need a VP of R&D who enforces standardisation and reuse of existing 
components.” 

“Customers are asking us to work with their processes, applications and documents. Thatís great. It gives us 
insight into their plans. That gives us a head start. The problem is that our processes and systems are not set 
up to take advantage of this information.” 

“The Production VP tries to block new product projects because bringing in a new product reduces plant 
productivity.” 

Fig. 2.19 Feedback from interviews with marketing

“They keep changing the priorities of our projects, so as soon as we start making progress with one project, we 
have to switch to another one they say is more important. A few weeks later they say another project is even 
more important, so then we have to switch to that one. It’s inefficient use of resources and frustrating.”  

“I used to work for one of our competitors. A friend there told me they now have all their product development 
project information on the Web so everyone knows what’s going on. They have a standard cockpit chart for each 
project.” 

“I don’t have a tool to manage my projects effectively.” 

“There are no guidelines for Risk Management.”

Fig. 2.20 Feedback from interviews with product development project managers
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“Data checking takes about 70% of my time.” 

“In our planning process we don’t have a way to value the potential reuse of a new component in future 
products.”    

“Different project managers provide different data about their projects. That makes it difficult to compare projects 
and to roll up data.” 

“Our current ERP system doesn’t take account of the manufacturing location. When it was built we only had one 
location, now we have five, and the costs for each are different.” 

“Often a project for a new product implies removal of an old product from the market, but there isn’t a process to 
do this. So the old product stays on the market. Some customers continue to buy the old product, which reduces 
sales of the new product.” 

“We don’t do audits of projects after they finish. It would be good to look back at a project five years after it 
finishes to see what we can learn from how it ran, and how the product has performed in the market.”    

“With all the cost pressures these days we don’t have people looking to see what we will need in 10 or 15 years.” 

“Ten percent of our products bring 90% of our revenues. I’d like to find a way to avoid projects that lead to 
products that don’t make money.”  

“The data we have about products for OEMs is about 10 times better than products for the aftermarket. That 
makes it difficult to apply the same value analysis techniques.”  

“There are too many projects in the company, many are never completely finished.”

“We haven’t grown our resources to meet the growth in company size. Since I’ve been here, the company has 
grown 500% but the product portfolio group is still the same size.  If we had more people, we could get more 
data about our products in the field. We could use it to help plan projects for replacement parts.”

Fig. 2.21 Feedback from interviews with corporate planning

“Each year, a new corporate plan is announced and the actions in it usually impact our R&D projects in several 
ways. Both intended and unintended. I guess someone up there is doing their best for the company, but they 
don’t seem to realise what the real situation is down here.” 

“Marketing people don’t realise how much effort is required even for a minor upgrade for their favourite 
customer. And they don’t understand all the work they make when they keep on asking for changes after we’ve 
started the projects. Why don’t they do their homework before starting the project? And besides, we have almost 
no time to do real work. Anyone above a trainee engineer spends most of their time in meetings and producing 
paper. I waste hours each week on tasks that are duplicate work and rework.” 

“We have trouble working with the guys in Europe on global projects. They have a different project management 
system and work with different milestones. And they think differently.”  

“Project Managers don’t define in enough detail what is expected of us in a particular project. Different managers 
use different methods and expect different deliverables, but these are not clearly explained. It’s not surprising 
that projects overrun when it’s unclear what the targets are, who should do what, or how it should be done.” 

“I don’t think anyone here has been trained on MS Project. I use it my way. It’s a real headache to work with 
people who use it differently.”  

“The change projects aren’t prioritised, so we just do them in the order they come in.” 

“Purchasing looks for cost savings with new suppliers, but doesn’t realise that the cost of qualifying a new 
supplier is more than the cost savings they offer.” 

“The Sales organisation needs to get its act together. Recently we developed a great new product but the Sales 
people forgot to put it in the catalogue so it was never sold.”  

“A good product development process, built into software with cockpit charts, guidelines and template 
documents, would be very helpful.”  

“Marketing does portfolio management in the ERP system. I don’t know how it works. We don’t have access. We 
manage our products in Excel.”

Fig. 2.22 Feedback from interviews with R&D
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“R&D don’t seem to be trained. They seem to have no rules, no standard structure for what they give us. We 
have full-time people to fix their mess.” 

“R&D’s tests for new products keep interfering with our plant, costing us downtime for revenue-generating 
production.” 
“We have capacity problems when R&D dumps a big batch of changes to existing products on us.”

“I get so many emails about changes to components and products that I don’t what to do with them. There are 
so many that I don’t know which ones are important.” 

“We make products for all our development sites. Each has different product structures and different document 
packages. We spend hundreds of man-hours massaging their data into our standard.”

Fig. 2.23 Feedback from interviews with operations

2.5.2 Quantitative Feedback

The above “Voice of the Employee” comments gave top executives a qualitative
feeling for the issues the company was facing. This was reinforced by quantitative
information which was presented on two slides (Fig. 2.24).

2.6 Product Pains

It’s not easy to manage a product across its lifecycle. A lot of pain can occur. It can
occur at different times (Fig. 2.25). Product development and support involves many
variables, relationships and abstractions. They address a wide range of subjects, and
are carried out by a wide variety of people using a wide range of practices, methods
and applications, working in a wide variety of environments. Converting a concept
into a working complex multi-technology product under these conditions isn’t easy.
It requires a lot of effort, definition, analysis, investigation of physical processes,
verification, trade-offs and other decisions. Building any product is hard. Foreseeing
what can go wrong with its use and its end of life is also hard.

Seven different project management systems in use across the company
Three different definitions of the product development process   
Five different applications for Portfolio Management 
Ten different formats for project management data 
Five different ways of measuring the length of a project 
Four different ways of quantifying manpower resources 
Many different layouts for documents such as the Project Start template 
No formal documented Portfolio Management process in the company 
No formal documented Pipeline Management process in the company 
No global capacity planning management 
No overall inventory of development projects  
No overall inventory of development skills 
At least 50 different report formats for product development projects 
Five major ongoing corporate improvement projects 
About 20 ongoing departmental improvement projects  
No differentiation between small and large projects, or projects for large and small customers 
No guidelines for Portfolio Management 
R&D handling over 4000 projects world-wide, an average of more than four per person

Fig. 2.24 Quantitative feedback
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Imagine Define Realise Support/Use Retire/Recycle 

Ideas pirated Projects late/ failing Pollution costs Upgrades ignored Incorrect identification
Lack of ideas  Costs too high Poor factory layout Missing applications Poor documentation 
Uncontrollable Uncontrolled changes Scrap Poor communication Low recycle rate
Suppression of ideas Unclear processes Rework Data out of control Materials wasted
Missing applications Needs not clear Costly prototypes Culture of risk High disposal costs
Culture of sterility Design faults Supplier problems Customers lost Fines
Failure punished Application Islands High material costs Liability costs No training
Bureaucracy Long time to market Excess inventory Missing services Lack of control
Priority, #1 CYA Data silos Limited part re-use High service costs Missing applications 
Unknown cost IP lost/missing Slow ramp-up Processes unclear Processes undefined
No training Project status vague Safety problems Product recalls Lack of procedures
No process defined Standards ignored Wrong data versions Product failures Costly disassembly

Fig. 2.25 Product pain throughout the lifecycle

Fig. 2.26 Some effects of
losing control of a product

Area Effect

Customers Deaths and injuries
Loss of customers concerned about product problems

Financial Financial losses due to damages resulting from product use
Reduced profit due to costs of recalls and legal liabilities 
High cost of problem clean-up
Revenues lost to low-cost competitors

Image Negative publicity in the media 
Damage to the company’s image

Environment Pollution of the environment
Products Products not behaving as expected

Development projects finishing late
New products not providing competitive advantage
Resignation of top executives
Management appearances in court 
Executives sent to prison

The complex, risky, continually changing, uncertain, highly competitive product
environment makes life difficult for companies that develop, produce and support
products. In such an environment, they need to have great products that leave com-
petitors far behind. They need a great product deployment capability. They need to
be continually in control of their products.

If they aren’t in control, and for one reason or another, they take their eye off the
ball, unpleasant consequences can occur. Customers and other product users may
be killed. Billions of dollars may be lost. Executive reputations may be tarnished.
Company workers may lose their jobs. When a company loses control of its products
and product-related activities, there can be effects (Fig. 2.26) in several areas.

Problems occur with products in every industry. The following paragraphs give
examples from industries as diverse as aerospace, power, automotive and finance.

2.6.1 Aerospace Products

In 1999, NASA’s $125 million Mars Climate Orbiter got too close to Mars and
burned up in its atmosphere. An investigation found that a contractor’s spacecraft
engineering team (in Colorado) supplied information about propulsion manoeuvres
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in Imperial units (inches and pounds) to the navigation team (in California) which
was using metric units.

In 1983, a Canadian Boeing 767 ran out of fuel, and had to glide down to an
emergency landing after someone used the wrong metric/Imperial conversion factor
to calculate how much fuel it needed to get from Montreal to Edmonton.

The Hubble Space Telescope was a collaborative development of NASA and the
European Space Agency. It was deployed in April 1990. Initial images were found
to be unexpectedly hazy. Two months later, the telescope was found to suffer from
spherical aberration of the primary mirror. In places, the mirror was 2 microns too
flat. The problem was corrected with COSTAR (Corrective Optics Space Telescope
Axial Replacement) during a service mission in 1993. An inquiry was held into the
problem and a technical explanation found. There was a fault in the null corrector,
an instrument used in the mirror’s manufacturing and testing process. Management
failures were also identified. There had been insufficient testing, and under cost and
time pressure, contradictory test results from other equipment were not sufficiently
investigated. No formal certification had been required for the null corrector even
though it played a crucial role. Project managers lacked the expertise required to
correctly monitor activities and there was poor communication. COSTAR and the
corrective mission are estimated to have cost more than $500 million. Hubble’s cost
at launch was estimated at about $1.5 billion.

On the morning of 28 January 1986, the Challenger Space Shuttle was destroyed
73 s after launch. The seven-member crew died. It included Christa McAuliffe, who
was to have been the first teacher in space. On February 1, 2003 the Columbia Space
Shuttle broke up during re-entry. The seven-member crew died. In both cases, there
was, of course, a physical reason for the accident, but in both cases the investigators
also found organisational problems.

The maiden flight of the Ariane 5 rocket took place in June 1996. About forty
seconds after launch it veered off is flight path, exploded and crashed. The cause was
multiple errors in software design.

On 2 September 1998, not long after take-off from New York, the flight crew
of Swissair Flight 111, an MD-11, noticed an abnormal odour in the cockpit. Their
attentionwas drawn to an area behind and above them, but whatever it was apparently
then disappeared. They decided it was smoke and decided to land, unaware of a fire
above the ceiling in the front area of the aircraft. The fire spread, degrading aircraft
systems and the cockpit environment. The aircraft crashed into the Atlantic Ocean
near Halifax, Nova Scotia. The Canadian Transportation Safety Board investigation
into the crash found that the accident was probably caused by an arcing event on an
in-flight entertainment network cable, which set alight nearby flammable material.
The investigation found that aircraft certification standards for material flammability
were inadequate. They allowed use of materials that could be ignited and propagate
fire. And the type of circuit breakers used in the aircraft wasn’t able to protect against
all types of wire arcing events.

On March 8, 2014, Malaysia Airlines flight MH370 disappeared en route from
Kuala Lumpur to Beijing.
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In May 2015, an Airbus A400M plane on a test flight crashed near Seville, Spain
killing 4 crew members. The cause of the crash was incorrectly installed engine
control software.

In October 2018, a Boeing 737 MAX 8 operating Lion Air Flight 610 crashed
twelve minutes after take-off from Jakarta. In March 2019, a Boeing 737 MAX 8
operating Ethiopian Airlines Flight ET302 crashed six minutes after take-off from
Addis Ababa. The two crashes led to airlines and regulators round the world ground-
ing Boeing 737MAX aircraft. In April 2019, Boeing announced that Lion Air Flight
610 and Ethiopian Airlines Flight 302 accidents were caused by a chain of events,
with a common chain link being erroneous activation of the 737 MAX aircraft’s
MCAS function.

2.6.2 Power Plants

OnAugust 14, 2003, there was a power cut in the north-east of North America. More
than 50 million people in dozens of cities including New York, Detroit and Toronto
went without electricity all night. Some were trapped in trains and lifts, others were
forced to sleep on the streets.

Sometimes the result of losing control of a single product can have worldwide
consequences. In April 1986, operators at the Chernobyl nuclear power plant started
a simple test run that went wrong. It led to a chain reaction and explosions that
blew the roof off the reactor, releasing radioactive products which then travelled
round much of the world. Firefighters died, hundreds of thousands of people were
evacuated, and the incidence of thyroid cancer in local children increased.

That wasn’t the first time things had gone wrong with a nuclear power station. In
1979, at the Three Mile Island nuclear power station near Harrisburg, PA, a minor
malfunction in a cooling circuit led to a temperature increase causing the reactor to
shut down automatically. Unknown to the operators, a relief valve failed to close,
much of the coolant drained away and the reactor core was damaged. The result-
ing investigation found the causes were deficient instrumentation and inadequate
emergency response training.

2.6.3 Automotive Products

In 2001, as a result of high tyre failure rates, Ford Motor Company announced it
would replace all 13 million Firestone Wilderness AT tyres on its vehicles. It took a
charge of $2.1 billion to cover the costs of replacing the tyres.

In October 2003, Nissan Motor Company said it would recall 2.55 million cars at
an estimated cost of 15–16 billion yen ($138–148 million) due to an engine defect.

In a few months in late 2009 and early 2010, Toyota announced recalls of more
than eight million cars due to concerns over accelerator pedals and floor mats. The
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cost was estimated at $2 bn. In January 2010, Honda announced the recall of more
than 600,000 cars to fix a switch defect that could lead, in some cases, to a fire.

In June 2010, GM recalled over a million vehicles due to thermal incidents with
heatedwasher fluid systems. In 2014,GeneralMotors announced that itwould rework
or replace the ignition keys on about 3.16 million 2000–2014 model year cars in the
U.S. because the ignition switch might inadvertently move out of the “run” position
if the key was carrying extra weight and experienced some jarring event. The “GM
2014 year-to-date North American recalls including exports” chart showed 84 recalls
in 2014 with a GMNA and Exports total population of over 30 million.

In 2015, Volkswagen admitted to installing software in 500,000 U.S. vehicles to
cheat U.S. government exhaust emissions tests. The resulting cost of recalls and fines
is estimated at over $20 billion.

2.6.4 Financial Products

A homemortgage is a simple financial product. It’s a loan from a financial institution
to help a customer purchase a property. In return for the loan, the customer agrees to
make payments to pay it off, and to use the property as security. The product has a few
basic product characteristics, such as loan size, length of loan period, interest rate,
and repayment schedule. What could go wrong with such a simple product and such
security? Well, financial organisations could offer variable interest rate mortgages
to people with no capital, low earnings, and a history of unemployment and loan
repayment delinquency. The result was the 2007–2008 global financial and economic
crisis. Financial organisations round the world lost trillions of dollars. Some went
bankrupt. Many were saved by taxpayer bailouts. Stock markets slumped. People
lost their houses, companies closed, global economic growth declined, countries’
economies went into recession.

2.6.5 Other Products

In addition to problems with high-profile products such as aircraft, power plants and
cars, there are also, on an almost daily basis, publicly announced recalls of all sorts
of products (Fig. 2.27).

In April 2010, an explosion on the Deepwater Horizon drilling rig led to the death
of 11 people. The blowout preventer failed to activate correctly. For months, tens of

chicken salad chairs processed food refrigerators infant car seats baby food cookies 
water heaters cars candleholders bunk beds slippers jackets cider 
flashlights bicycles cheese spread refuse bins shave gel airbags toys 

Fig. 2.27 A wide range of recalled products
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thousands of barrels of oil spilled daily into the Gulf of Mexico, totalling perhaps a
hundredmillion gallons. BP stopped paying dividends to its shareholders, and agreed
to finance a $20 bn clean-up and compensation fund. On one occasion, US President
Obama was reported as saying he had visited the Louisiana coast, “so I know whose
ass to kick”.

Merck voluntarily withdrew VIOXX, an arthritis and acute pain medication, in
September 2004 because a trial had shown an increased relative risk for cardiovas-
cular events. There were millions of users worldwide. VIOXX had been launched in
1999 and marketed in more than 80 countries. Worldwide sales in 2003 were $2.5
billion.

If products don’t meet the rules and regulations laid down by government and
international authorities, there can also be problems. In 2001, authorities in the
Netherlands found that some peripherals for a game console contained cadmium
levels above the Dutch limits. Sony Corp. temporarily halted shipment. The esti-
mated impact on sales was about 100 million euros.

In October 2016, Samsung ceased production of its Galaxy Note 7 smartphones
after reports of devices it had deemed safe catching fire. Market analysts estimated
recall costs and missed sales could run to several billion US$.

In April 2016, discount chain Lidl recalled cans of Nixe brand ‘Herring Fillets
in a Tomato Sauce’ (200 g) because they contained an allergen not declared on the
label: fish. In 2017, the UK Food Standards Agency announced that Asda is recalling
its ASDA Classic Fish Pie because a small number of ASDA Classic Fish Pies have
been identified as containing ASDA Pulled Chicken and Bacon Pie. ASDA Chicken
and Bacon Pie contains mustard which is not mentioned on the label. Also in 2017,
the UK Food Standards Agency announced that Morrisons is recalling Traditional
Chicken & Mushroom Pie because a small number of packs have been identified to
contain Fish Pies. The Fish Pie contains fish and mustard which are not mentioned
on the label.

In 2016, Indesit Company announced that it identified a potential concern with
two types of tumble dryers manufactured between April 2004 and September 2015.
In some rare cases, excess fluff can come into contact with the heating element and
present a risk of fire.

In 2016, Yahoo announced it was the victim of an attack that compromised the
names, email addresses, dates of birth and telephone numbers of 500 million users.
This and other breaches were estimated to have reduced Yahoo’s value by over $300
million.

In 2017, Equifax announced that an application vulnerability on one of itswebsites
led to a data breach that exposed over 148 million consumers.

In 2018, up to 90 million Facebook user accounts were exposed by a security
breach.
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2.6.6 Current and Future Nightmare

Most companies don’t have products that cause disasters and get to be front-page
news. However, that doesn’t necessarily mean that they don’t have the occasional
problem. Most of the companies I work with haven’t suffered from disasters to
their products. Usually, they’re just looking to improve the business, and make more
money for shareholders.Whenwe look in detail at the product environment, we often
see the same kind of issues that are identified in accident investigations. There are
organisational issues, issues with data, issues with products, issues with processes,
and other issues such as IS issues.

In one company, the CEO summarised the situation as “a nightmare”. In another
company, they called it “a horror story”. One COO said that, when he first saw the
situation of the company’s products, he remembered what Alexis de Tocqueville said
on his first day as Minister of Foreign Affairs. “Once I was settled at the Ministry,
and the state of affairs explained to me, I was aghast at the number and extent of the
difficulties that I saw.”

Over the years, I’ve worked with more than a hundred companies. I’ve seen issues
like these in companies of all sizes and in all industries. Many of these companies
are highly successful, with some great products and a strong five-year financial track
record.

Usually, taken singly, these issues don’t lead to major problems. However, cumu-
latively they can result in, at best, unnecessarily long lead times, increased product
costs and reduced product quality. And, at worst, in disaster.

There are many different issues in the product environment. It’s useful to group
them to get a better understanding. The groups bring issues together in areas such
as business processes, product data, products and organisation. Figure 2.28 shows
some typical organisational issues.

There are many issues related to product data (Fig. 2.29). An example is the
“data silo”, in which the data of one department isn’t easily available to people in
other departments. Another example is the existence of many Excel spread-sheets
containing a lot of different information, often conflicting, about a product.

high service costs lack of up-front planning product development costs rising
communication silos poor scheduling of projects poor co-ordination with suppliers
departmental mentality not enough focus on products service performance deteriorating
projects coming in late wasted development resources each department convinced of its superiority
cycle times lengthening misalignment of expectations offer for sale of products that can’t be built
service costs increasing Sales/Engineering disconnects people in different functions not talking together

Fig. 2.28 Typical organisational issues in the product environment

redundant part numbers inconsistencies between data in R&D and Support
multiple names for the same project unsure of material usage across products
product labelling not corresponding to the product conflicting lists of the configuration of a customer’s product
not knowing if maintenance has been carried out differences in product specifications used by R&D and Sales 

Fig. 2.29 Typical data issues in the product environment
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rework errors in product definition records
quality problems using obsolete components in a new design
high service costs optimising product layout but causing longer delivery cycles
poor product quality optimising product performance but fragmenting the supply chain

Fig. 2.30 Typical product issues in the product environment

product release delayed bureaucratic business processes not enough re-use of existing parts
slow engineering changes product labelling not conforming to regulations inadequate customer service 
reinvention of the wheel increasing rework increasing engineering change

Fig. 2.31 Typical process issues in the product environment

hotel coffee machines that don’t work credit cards that don’t give credit hotel elevators not elevating
electronic keys not opening hotel room doors reclining aircraft seats not reclining jetways that don’t extend
rental cars that unexpectedly stop working cash dispensers not dispensing vending machines not vending
aircraft hitting another object before take-off train toilet-door locks not locking aircraft that can’t fly

Fig. 2.32 Some products that didn’t work as expected

Frequently, there are also many issues related to products, whether in the factory
or in the field (Fig. 2.30). New products may not perform as expected. They may
suddenly stop working, or behave in unexpected ways. Interruptions and delays may
occur as new technologies and features became available. Technical problems may
occur with products in the field.

There are also issues related to business processes (Fig. 2.31). For example,
changes may be made to product data by individuals without any coordination with
other people. Products may meet specifications but fail to meet customer require-
ments. Often, the experience that a company gains when developing a product is lost,
so can’t be used again when developing the next generation.

Some issues are more difficult to classify. For example, it may be impossible to
migrate data from a legacy application to a new application. Many parts, that are
either no longer in use or are duplicates, may be maintained in databases. There may
be a lack of good product developers. The companymay suffer from theNot Invented
Here (NIH) syndrome, an unwillingness to benefit from external developments.

The type of issuesmentioned above can result in problemswith products.Advising
companies worldwide, I travel a lot, and get the opportunity to see a lot of products
at work. From personal experience, quite a lot haven’t work well (Fig. 2.32).

2.7 Product Opportunities

There may be some pains with products, but products are also a source of oppor-
tunity for a company. Perhaps it was risky to pursue some of these opportunities
when business processes weren’t working properly, production was unreliable, and
customers complained frequently about products. But that was before PLM.
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Area Problem

environment Global Warming, threatening the flooding of many cities and states 
poverty more than a billion people living on $1 per day
unclean water more than a billion people living without safe drinking water and electricity
slums in 2000, about a billion people lived in slums, but according to current trends the number will rise to 3.5 

billion by 2050 
disease thousands of people die each day of curable diseases and illness. Every day, thousands of children 

die from diarrhoea, usually caused by lack of clean water. In 2009, according to the World Health 
Organisation, about 1 billion people were affected by Neglected Tropical Diseases such as 
schistosomiasis and trypanosomiasis 

accidents according to a 2018 World Health Organisation report, road traffic crashes killed more than 1.3 million 
people in 2016. The annual global cost of road traffic crashes is estimated to be over $500 billion

Fig. 2.33 Problems in need of solutions

2.7.1 Globalisation Opportunity

Globalisation is an opportunity. Globalisation has increased the number of potential
customers formany companies. Theworld headcount continues to growbymore than
100,000 per day, promising even more customers in the future. The world population
is expected to rise from 7.5 billion in 2015 to about 9 billion in 2050. Seven billion
or nine billion, that’s an awesome number of potential customers for a company’s
existing and future products.

Other global opportunities are for products that can help solve the many problems
facing the world (Fig. 2.33).

2.7.2 Technology Opportunities

New technologies offer the promise of new products. New technologies appear and
cause such massive change that they are frequently referred to as revolutions. Exam-
ples from the last few decades include the Digital Revolution, the Electronics Revo-
lution, the Computer Revolution, the Communication Revolution, the Biotechnology
Revolution, the Nanotechnology Revolution, and the Internet Revolution. Each of
these revolutions leads to change and opportunities. New technologies open up new
markets and lead to new products.

The transistor, which was invented in the late 1940s, led to a seemingly endless
stream of electronics and communication products throughout the second half of the
twentieth century. The invention of the computer led to other new products such as
data storage devices and software applications. Biotechnology appeared in the early
1970s, leading to countless new drugs. Existing technologies such as electronics,
computing, telecomms, robotics and biotechnology will continue to offer scope for
new products.

And, in 2020, there are many new technologies that offer opportunities for new
products.

There are opportunitieswith Smart Products. In addition to their primary function-
ality, these products have functionality to decide or communicate about their situation



66 2 PLM and Its Environment

Fig. 2.34 Some smart
functions

“seeing”, “feeling”, “reading”, monitoring with various types of sensors 
“speaking” with a voice synthesiser 
moving with motors 
locating with GPS 
showing information on a display 
“thinking and calculating” with a microprocessor 
remembering information with a memory 
self-identification with a memory 
sending information over a network with a transmitter 

or environment (Fig. 2.34). A washing machine has primary functionality to wash
clothes. A smart washing machine, equipped with a scanner, can read the labels on
clothes, and select the most appropriate washing and drying cycle. Smart labels in
transparent foil around meat products can change colour from blue to red when the
temperature rises above the safety limit. A smart lawn mower can be programmed
to cut the grass for you. Its sensors see if there are any obstacles, identify the height
of the grass, and switch on its motors to go down the garden and cut the grass. A
smart microwave oven can identify the food to be cooked, then set the timer and the
temperature. A smart water softener can identify the hardness of incoming water,
and treat it as required by its hardness and the intended use. Many more examples
could be given, there are many opportunities.

There are opportunities with Radio-frequency identification (RFID) technology.
Products tagged with RFID chips can provide information about the product when
they are scanned. This allows products to be tracked throughout their lifetime. RFID
offers opportunities to get a better understanding of the way products behave over
their lifecycle. This canbe fed into the development of the next generationof products.
It can also be used to optimise use of the product. For example, the collection and
analysis of information on truck utilisation can allowdifferentmaintenance schedules
to be applied to individual vehicles based upon the accumulated knowledge.

There are opportunities with Social Technologies. They can be used across the
product lifecycle. In the ideation phase, they can be used to crowdsource for new
products and features. Then, they can be used to co-develop the product with an
external community. They can be used to facilitate collaboration and knowledge-
sharing within the company. Later, they can be used to increase market awareness of
the product. And, once the product is on the market, they can be used to respond to
customer questions or complaints, and provide fast customer service.

There are opportunities with Mobile Technologies. They can be used across the
product lifecycle. Designers of fashion goods can travel worldwide, yet be creative
and deliver new designs within minutes of their conception. On-the-move patients
involved in trials of new drugs can send performance data rapidly to researchers.
Customers of all sorts of products and services can access product and service infor-
mation from anywhere. Service workers can connect to a central database from the
customer site where they are working. People working in the company can access
best practices and latest insights. SMS text messages can be used to support training
about new products.

There are opportunities with Big Data and Analytics. Companies create and
receive huge quantities of data every day. Some data may come from operations
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and maintenance. Some may come from sales and service situations. Once all the
data has been organised, analytics offer fact-based insight into the entire product
lifecycle. For example, operating data from machines can be analysed to minimise
downtime and maximise production. The company can use analytics to better under-
stand products, and predict what customers want next. Tailored products can be
configured to meet customer desires. Analytics offers opportunities to leverage data
and deliver deep insights for product managers.

There are opportunities with the Cloud. Some of these opportunities are oriented
to customers. For example, new products and services can be offered in the Cloud
across the product lifecycle. Other opportunities are oriented to the company’s IS
offerings. For example, instead of users waiting years for their companies to pro-
vide applications on corporate infrastructure, they can rapidly access best-in-class
applications on a shared Cloud infrastructure.

There are opportunities with 3D Printing. Product development can go faster
as prototypes are made on 3D printers connected directly to CAD applications.
Production can go faster as 3D printers go beyond making prototypes to making real
parts and products.

There are opportunities with Knowledge Management. For example, many of the
first generation of product developers who worked with computers, and implicitly or
explicitly defined their companies’ information and activity structures and elements,
reached retiring age in the first decades of the twenty-first century. Born between
1945 and 1955, these Baby Boomers were among the first users of computers in their
companies. By the year 2010 they were in management positions at the heart of their
companies’ product environments. Between 2010 and 2020,many retired takingwith
them the knowledge of why and howmany activities in their organisations are carried
out, and why particular design and other decisions were taken for specific products.
KnowledgeManagement techniques can ensure that such knowledge is captured and
not lost.

The Internet and the World Wide Web offer many opportunities for new products
and services, and new ways to develop, sell and support products. The Internet of
Things (IoT) enables companies to see their products across the lifecycle. In the IoT,
products are connected to the Web with their own web address, with controllers,
performance data and feedback available online. Then for example, over the Web,
you can switch on the oven and the heating before you get home. You can open the
garage door without getting out into the snow. Companies can offer new services on
top of existing products. For example, a vending machine manufacturer can inform
soft drinks companies when the stock of drinks in their machines is running low.
Machine manufacturers can predict when a device will fail, and propose what should
be done to avoid problems. Improving security, products, ranging from ships through
aircraft to consumer products, can be tracked and unusual situations notified.



68 2 PLM and Its Environment

2.7.3 Social/Environmental Opportunity

Society has always had an impact on manufacturing industry. Years ago, among the
most highly visible effects of manufacturing industry were the factory chimneys and
coal-burning fires that polluted cities. From the 1850s, London, England suffered
from smog, a mixture of fog and smoke resulting from the combustion of coal. In
1952, a smog led to 4,000 excess deaths. This was a key event in environmental
history. Laws were passed requiring the use of cleaner fuels. Nevertheless, as late
as 1962, London experienced a smog with 340 excess deaths. For a time, London
then had cleaner air, but it now suffers from photochemical smog which occurs
when sunlight acts on nitrogen oxides in vehicle exhaust gases to form ozone. In
addition, incomplete combustion of fuel leads to the production of carbon monoxide,
a colourless, odourless, poisonous gas. Having removed industrial pollution from
their cities, advanced industrial countries now introduce laws concerning emissions
from cars, disposal of cars, and disposal of electric and electronic goods.Other effects
of manufacturing industry that are of concern to society include acid rain, global
warming and the ozone hole. Initially, in the name of Progress, much is accepted,
but eventually society catches up and legislates against dirty, poisonous products that
kill and pollute. PLM will play a key role in addressing all these issues because it
provides the opportunity to get control of products across their lifecycles.

Sustainable Development was defined as “development that meets the needs of
the present without compromising the ability of future generations to meet their own
needs” by the Brundtland Commission in 1987. It’s a holistic concept that aims to
unite economic growth, social equity and environmental management. The problems
it addresses, and the ideas for their solution, are not new. Over the years, population
growth, lack of disposal sites and scarce natural resources have led to all sorts of
reduction, reutilisation, recycling and recovery programmes. It’s easy to overexploit
natural resources such as oil, water, farmland, fishing grounds, forests and minerals.
It requires more thought to use them in a sustainable way.

2.7.4 Human Resource Opportunity

In 2020, companies are hiring people from the Millennial Generation, born between
the early 1980s and the early 2000s. Unlike previous generations, they’ve grown up
in a digital world of computers, Internet, the Web, smartphones and other digital
technologies. Many are cyborgs, with implanted chips. They can use technologies
and see opportunities that are invisible to many members of previous generations.
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2.7.5 The Result and the Requirements

The result of the many changes mentioned in this chapter is a complex, risky, contin-
ually changing, uncertain, highly competitive, global product environment. This is
characterised by demanding customers, horizontal integration across the Extended
Enterprise, many small and medium companies in the design, supply and support
chains, few layers of management, ubiquitous computing, fast technological evo-
lution, and small numbers of knowledge workers from different functions working
together in collaborative teams.

There’s growing competitive and legislative pressure, such as that concerned with
product liability, privacy, deregulation, health, safety and the environment. There
are technology issues to be faced, including the effect of the increasing amount of
electronics and software in products, the possibilities offered by the Web, nanotech-
nology, and the rapidly decreasing cost of computer power.

To be successful in this environment, a company must be able to supply and sup-
port the products that customers want when the customers want them. The company
must have great products and itmust have a great product deployment capability. Cus-
tomer expectations are rising. But there’s also increasing consumer resistance to price
increases. Product costs must be trimmed so that they correspond exactly to customer
requirements. Product functionality must be improved to match these requirements.
Customer service must be improved with on-time documentation delivery, reliable
delivery times, prompt complaint handling and easy product repairability.

Products must be brought to market faster. Technology is evolving fast. Products
are becoming obsolete sooner. As product lifetimes get shorter, significant market
share is lost if a product isn’t brought to market at the earliest possible moment. A
company that gets to market first can capitalise on late market entry by competitors.

To successfully meet, in a complex, changing environment, these requirements
for great products, companies need PLM. It has the potential to solve the problems
throughout the product lifecycle. And it enables companies to seize the many market
opportunities for new products in the early twenty-first century. PLM allows com-
panies to develop and support tiptop services and products across the lifecycle. The
Good News about PLM is that it offers companies the opportunity to address larger
markets, to develop a great product, to sell it to billions of customers and users, and
to rack up huge profits.
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Chapter 3
PLM and Products

3.1 This Chapter

3.1.1 Objective

The objective of this chapter is to give a basic introduction to products in the context
of PLM. This will help those in a company’s PLM Initiative to understand some
of the issues around managing products across their lifecycles. They’ll see some of
the characteristics and parameters common to all products. This will help them to
participate more fully in the PLM Initiative. This chapter also aims to give students
of PLM a basic understanding of products in the context of PLM.

3.1.2 Content

This chapter addresses the characteristics of products that need to be understood and
addressed in PLM. The product is at the heart of PLM.Whether it’s a car, a television,
a beverage or an anaesthetic, it’s the product that the customer wants. The product
is the source of company revenues. Without a product, the company doesn’t need to
exist and won’t have any customers.

From a PLM viewpoint, even though there’s a huge range of products, much is
common between different products. This chapter addresses issues about structuring
a product and its parts. Issues with identification, classification and requirements
are described. And similar issues about product numbering, definition of product
specifications and working with versions, variants and options are evoked.
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3.1.2.1 Skills

This chapter will give students, who’ve been assigned this book for coursework, a
basic understanding of products in the context of PLM. They’ll learn about some
generic product-related characteristics and issues that companies face. They’ll be
able to explain, communicate and discuss about products in the context of PLM.

3.2 Product Importance, Range, Instance

3.2.1 Importance of the Product

The product is important. Whether it’s a car, a machine, a jacket, a sausage or a
smartphone, it’s the product, and perhaps some related services, that the customer
wants. The product is the source of company revenues. Without a product, the com-
pany doesn’t need to exist and won’t have any customers. Without a product, there
won’t be any related services.

The company generates revenues from an ongoing flow of new and upgraded
products. Great products make it the leader in its industry sector. Great products lead
to great profitability.

3.2.2 Wide Range of Products

There’s a huge range of products. There are tangible products, products that you can
touch, products such as a fitness tracker and avocado oil. And there are intangible
products such as software. There are products as diverse as an Airbus A320neo and
a five-dollar bill, a table lamp and a carpet cleaner.

Products come in all sorts of shapes and sizes. The movement of a Swiss watch
may be little longer and wider than a postage stamp, and only a few millimetres in
thickness. A postage stamp is even smaller. Many other products are much larger.
For example, the HMS Queen Elizabeth aircraft carrier is 280 m long.

The contents of products are diverse. Some products contain electrical, mechan-
ical, electronics and software components. Others contain components of animal,
fish or plant origin. Most of the tangible parts of this product, this book, came from
forests.

A product may actually be a service. A product can also be a package of services,
or a bundle of products and services. It can also be a solution containing several
products, or a solution containing products and services.
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3.2.3 More Than the Product

The product is often more than what may seem, at first sight, to be the product.
Product packaging and product labelling are often a part of the product. The product
may include wires, cables, plugs and other components that connect it to the outside
world. The product may include a security number. The product may include product
literature, such as a usermanual, or regulatory documentation, or amaintenance guide
The productmay be a six-pack or a single can. If it’s a six-pack, it may have additional
packaging, but the product you drink is the same as if it’s a single item. The delivery
mechanism may be part of the product. Inside the packaging of an anaesthetic may
be a sterile syringe.

3.2.4 Instance of a Product

At home, among your products, youmay have a washingmachine. Themanufacturer
may have produced 1,000 identical machines, yours and 999 others. Yours is an
“instance” of a “series”. If the manufacturer produces 100 identical machines every
month for a year, then your machine is an instance from a batch which is part of a
series.

The use of words in the PLM environment isn’t standardised. For example, some-
times the word “product” is used to refer to an instance, sometimes to a batch,
sometimes to a series.

3.2.5 Number of Products

There’s a huge number of different products. Many companies have thousands of dif-
ferent products. In some industry sectors, there are hundreds of thousands of products.
For example, even before the European Community regulation on the Registration,
Evaluation, Authorisation and Restriction of Chemical substances (REACH) came
into force in 2007, more than 140,000 substances had been preregistered.

It’s virtually impossible to know the exact number of different products, but there
must be tens of millions, if not hundreds of millions. And the number of instances is
probably in the trillions.
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3.2.6 Hazardous Products

Many products can be harmful to mankind.
CFCs (chlorofluorocarbons) were thought for many years to be safe refrigerants

and solvents. In the 1970s, it became clear that they create holes in the Earth’s ozone
layer, especially over Antarctica. Stable in the lower atmosphere, they are broken
down higher up, releasing chlorine that depletes the ozone layer. Reductions in ozone
levels in the upper atmosphere lead to more Ultraviolet B (UVB) getting through to
the Earth’s surface. UVB causes nonmelanoma skin cancer and has a role in the
development of malignant melanomas.

In the 1930s, DDT (dichlorodiphenyltrichloroethane) was seen as a good insecti-
cide, particularly effective against malaria-spreading mosquitoes. The World Health
Organisation estimates it saved tens of millions of lives. However, by the 1950s,
problems were appearing. Many insects developed resistance to DDT, and it was
found to be highly toxic for fish. DDT has a half-life of about eight years, so it stays
in the body for a long time. In the early 1970s, countries such as Sweden and the US
banned its use. It’s now thought to be carcinogenous, and to damage the liver, the
nervous system and the reproductive system.

Asbestos is another material that industry used a lot before becoming aware of its
dangers. It has interesting properties. It has long fibres, it’s strong and it’s resistant
to heat and fire. It was widely used in the early twentieth century in products such
as roofing shingles, floor tiles, ceiling materials, cement compounds, textile prod-
ucts and automotive parts. Use declined after it became clear that inhaling it was
dangerous, and could lead to mesothelioma and other asbestos-related diseases.

Lead has been known to be harmful to people and the environment for years.
However, it was used in many products including paint and pipes for drinking water.
And, traditional solders, used for example to solder electronic components, were
based on alloys of tin and lead.

In 2003, the European Union introduced the Restriction of Hazardous Substances
(RoHS) directive to address use of lead, mercury, cadmium, hexavalent chromium,
polybrominated biphenyls and polybrominated diphenyl ether.

3.2.7 Commonality

Although there is such a huge number and wide range of products, from a PLM
perspective, much is common between different products. Figure 3.1 shows some of

Numbering, Naming Product Portfolio Performance

Content, Structure, Architecture PRODUCT Ownership, IP

Representations, Model Requirements Classification

Fig. 3.1 Subjects common to many products
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the issues that need to be considered for most products, and will be addressed in this
chapter.

3.3 Parts, Ingredients, Components, Assemblies

3.3.1 Range of Parts

Products are often made up of many “things”. Depending on the type of product, one
of these things may be called by a name such as a part, a piece, an item, a component,
an element, a module, a sub-assembly, an assembly or an ingredient.

The things that make up a product can be very different. Ingredients of a shampoo
could include Ammonium Laureth Sulphate, Ammonium Lauryl Sulphate, Sodium
Chloride and Glycol Distearate. Ingredients of a deoderant could include Cyclome-
thicone, Stearyl Alcohol, Aluminium Zirconium Tetrachlorohydrex GLY and PPG-
14 Butyl Ether. A sandwich could contain flour, water, milk, eggs, salt and sugar. The
parts that make up a Personal Computer could include a case, a screen, a keyboard,
a battery, a processor, system memory, a hard drive, a communications device and a
power adapter.

3.3.2 Number of Parts

As Fig. 3.2 shows many products contain many parts.
A company’s product may be made of many assemblies and thousands of parts

or components or constituents or ingredients depending on the type of product. An
assembly may also be made of a large number of parts. These assemblies and parts
could be made by the company itself, or could be the products of other companies, its
suppliers. Many products contain industrial components (products) of various types,
such as hardware, software, electrical, electronic and chemical. Many products also
contain other types of components, such as agricultural, forestry and fishery products.

Just as the term “product” may refer to an instance of a product, or to all products
of a certain type, the word “part” is also used in different ways. It may be said that

Fig. 3.2 Typical number of
parts in products

Product Typical number of parts

Deodorant 20
Sandwich 30
Shampoo 50
Watch 300
Machine tool 2000
Car 25000
Aircraft 400000
Space shuttle 2000000
Application software (lines of code) 20000000
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“this product is made up of fifty parts”. But that phrase could have several meanings.
Sometimes, standard parts such as screws and bolts won’t be included in such a
count. And the number of parts will only refer to the parts specifically designed for
the product. Sometimes parts such as wiring will be excluded from the part count.
Sometimes the individual parts within a purchased part will be excluded from the part
count, and the purchased part considered as one part. Sometimes the part count will
refer to the number of different parts so, although there may only be fifty different
parts, there may actually be a total of eighty parts.

3.3.3 Part and Product

Sometimes a “thing” will be referred to as a product in one context, but a part in
another context. For example, if a bag to carry your PC is included in the original
packaging, it may be seen as a part of the product you buy. However, if you buy the
bag separately from the computer, then the bag is a separate product.

3.4 Identifier

3.4.1 Need for an Identifier

There are so many products, so many parts in products, and so many instances of a
particular product, that special identifiers are needed to know exactlywhich “thing” is
being referred to in situations as diverse as defining a product, assembling the product,
controlling stock levels, ordering, billing, accounting and handling complaints and
returns. The number should be unambiguous so that it’s clear to which thing it refers.

3.4.2 Name, Number

Products and parts often have several identifiers. An identifier may be a number
and/or a name. A product or part may have a model number, or a series number or a
type number. It may have an company-internal number and name. It may be known
by other names and numbers to the rest of the world. It may have a code name or
a project name during its development. It may have other names in production. As
well as the name and number, it may also have a description. The manufacturer may
have one description for the product. A retailer may have another description for the
same product. And a customer yet another.
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The product may have a series identifier (such as BMWSeries 3) and an extended
series identifier (such as Series 3 Sedan, or Series 3 Touring or Series 3 Convertible).
Your instance of the product may have a specific batch number or serial number.

3.4.3 Internal, and Other, Names/Numbers

Many consumer products have SKU (Stock Keeping Unit) numbers. An SKU is an
identifier used for tracking the product once it’s beenmade and is in awarehouse, or is
in a sales location. A product can have an SKU for when it’s sold singly. And another
SKU when it’s sold as a group, for example, three bottles of shampoo wrapped in
plastic, and sold for the price of two. Similarly, beverages will have different SKUs
when sold individually, or as a six-pack.

3.4.4 Serial Numbers

Sometimes things are numbered according to a serial numbering system, sometimes
according to a significant numbering system. The numbers used to identify products
may be serial numbers or significant numbers.

A serial number is a unique number assigned to a product. It differs from the
unique numbers assigned to other products of the same type by a multiple of a
particular number. Often the particular number is one.

Banknotes are products that have numbers. For example, I have a 5 Euro note
with the number X17150510036. From that note, I can’t see whether 5 Euro notes
have a serial number or a significant number. However, I have two Swiss 100 Franc
notes. One has the number 04E1676337. The other is numbered 04E1676338. The
last digits differ by one. It looks as if Swiss 100 Franc notes have serial numbers.

Serial numbers aren’t intended to tell you anything about a product.

3.4.5 Significant Numbers

Significant numbers are also referred to as “speaking numbers”, “intelligent num-
bers”, “meaningful numbers” and “coded numbers”. Like a serial number, a signifi-
cant number should be unique. Unlike a serial number, a significant number is meant
to say something to somebody about a product or part. For example, L20-US-P1
could refer to a 20 in. product sold in the US in package 1. L20-JP-P4 could be the
same product sold in Japan in package 4. L20-GE-P8 could be the same product sold
in Germany in package 8.

Although, in some situations, significant numbers can be helpful to people who
fully understand their significance, they can lead to various misunderstandings and
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problems. For example, L20-US-P1 may refer to a 20 in. lamp in the US, but in
Germany, the product may be measured in cm, so the equivalent of the L20-US-P1
in Germany may actually be the L51-GE-P8 and not the L20-GE-P8.

Andwhen sold in Poland, perhaps the equivalent of the L20-US-P1 is identified as
L51-PO-P8. But in Portugal, perhaps it’s also identified as L51-PO-P8. When a L51-
PO-P8 is sent in for upgrade from someone who has moved to France, it’s difficult to
know if it should be upgraded to Polish specifications or Portuguese specifications.
Significant numbering systems can cause confusion.

Another issue is that a significant numbering systemwill eventually overflow. In a
system that uses a single letter of the alphabet (such as L for lamp, T for table), once
the 26 letters of the alphabet have been used up, the next product may be assigned
an AA code. But then, instead of, for example, 7 significant digits, there will be 8.
As more products are developed, it may be found that the code that should logically
be assigned to a new product has already been assigned to an existing product. If the
letter C is assigned to Chairs, what letter will be assigned for Cupboards? Or Cribs,
or Cabinets? And if the company merges with another company using a similar but
slightly different system, then more confusion can occur, with a particular product
from one company being known by one name, but exactly the same product from
the other company being known by another name. Or a particular product from one
company being known by one name, but a different product from the other company
being known by the same name.

3.4.6 Product Key

Product keys are another type of identifier used for some products. For example,
when installing software, it’s often necessary to enter a long string of perhaps 25
numbers and/or letters that may be found on the packaging.

3.4.7 Naming Languages

The description of the product may need to be translated into several languages. The
number of languages (such as English, Mandarin, Japanese and Spanish) needed for
the product name and the product description is often higher than the number of
numbering systems (for example, 0–9, A–Z) used for the number.

Multiple languages, and partial or unclear translations, can lead to confusion.
An English-speaker may understand that the “L” in L20-US-P1 refers to a lamp. A
potential customer who doesn’t speak English may not. The C for Chairs may make
sense in French with “chaise”. But the C for Cupboard doesn’t make sense with
“armoire”.
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Fig. 3.3 Content of the
service tag

Product HP 2133 
s/n CNU841OHIM  
p/n FU345EA#UUZ  
H2133VC7MI5W8N120BBNNN2CA 

3.4.8 Some Product and Part Identifiers

Working with product and part numbers isn’t easy. There are many of them, and they
are often very long. 10- and 20-digit numbers are common.

I have an old computer that I use occasionally. It’s been used a lot, and some of
the HP service tag on the underside is difficult to read. However, I can just about
make out the content (Fig. 3.3).

The computer is an HP 2133 Netbook.
On the Web, HP PartSurfer shows that Product Number FU345EA corresponds

to a description “HP 2133 Mini-Note PC”, and that FU345EA matches part number
FU345EA, description HP 2133 CM-7 8 2048/120 NB PC.

s/n is probably the Serial Number of my HP 2133, the number of this unique
instance of the product.

The underside of the power adapter is covered with various icons, names and
numbers in English and Mandarin. It has an HP part number, but that’s too small
to read with the naked eye. Easier to read are S/N F1-08095029370B and CT:
WACLP0BL9WL7LX.

On a different product, a shampoo bottle, there are other numbers. There’s a
barcoded number on the back, 5 011321 833616. There’s a label on the front with
the number 98581815 and a label on the back with the number 95245768.

3.4.9 Product Name and Part Name

When a part may also be sold as a product, it may have a part name, part number and
part description and a different product name, different product number and different
product description.

Going back to the PC, product number RR316AA has description HP Executive
Leather Case. Part number 439427-001 has part description HP Executive Leather
Case.

3.4.10 Trade Mark

Another type of identifier that can be used to identify a product is a trademark. This
helps potential customers to identify its source.



80 3 PLM and Products

3.5 Requirements

Once a product exists, it’s relatively easy to see what it is. Initially though, it doesn’t
exist. There are just some requirements and ideas for the product. They may include
what a customer has requested, and/or what the person developing the product thinks
customers may want, and/or what will be required to meet the regulations.

3.5.1 Customer Requirements

Customer Requirements may be very specific or they may be very vague. There may
be many of them. Or there may be very few.

For example, I just had a few vague requirements when I bought my HP 2133
computer. I wanted a small, light computer with easy access to Internet that I could
use formy consultingwork in different countries. Also, because I write a lot, I wanted
a full-size keyboard. However, I didn’t write down my requirements. And I didn’t
differentiate between “must-have” and “nice-to-have” requirements.

Often, customers aren’t explicit about all their requirements. They think some
requirements are implicitly obvious and don’t need to be mentioned. In addition to
the requirements for a computer mentioned above, I had some implicit requirements.
For example, I expected it to work with mains electricity or with a battery. I expected
it to work in a normal office environment (so in normal temperature and humidity
ranges). As I don’t like carrying extra equipment such as externalmodems, or internal
modems that need special cards, I expected it to be robust and transportable in a small
case.

Many customers aren’t explicit about their requirements. On the other hand, some
of the companies I work with have customers who know exactly what they want,
and provide many pages of explicit, detailed requirements. They often differentiate
between “must-have” and “nice-to-have”. They use international standards to define
everything as precisely as possible. For example, when asking for a particular colour,
theywouldn’t ask for a “kinda nice steel-blue”, but specify LB5Ton a standard colour
coding system. Or they’d specify Grade 5 titanium when ordering titanium.

3.5.2 Emergence of Global Products

One of the side effects of globalisation was the emergence of Global Products. These
are: manufactured products; developed and engineered in many locations; assembled
from materials and parts manufactured in many locations; that can be purchased and
used worldwide; and are maintained and supported worldwide.

Global Products may be consumer products, in which case they usually have a
brand name known to consumers worldwide, or they may be industrial goods (also
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known as capital goods) such as civil aircraft, machinery, telecom equipment, power
plants and chemical products. If they are industrial goods, their brand names are
known throughout the world to companies and other organisations in their particular
industrial sector. And the customers and users of these organisations’ products and
services may also know their brand name. For example, aircraft brand names are
known to their customers (the airlines) and to air travellers (the customers of the
airlines).

The unit of measure for use of consumer products is now the billion. There are
more than abillionPCs in use. In 2016, therewere 2billion smartphoneusers. In 2010,
there were more than 2 billion Internet connections. In 2014, there were 3 billion. In
2018, there were 4 billion. In 2006, the world’s airlines carried more than 2 billion
passengers. In 2014, they carried more than 3 billion. In 2017, they carried more than
4 billion. Billions of items of clothing and footwear are sold each year. There are
more than a billion vehicles (cars, trucks, buses, motorcycles and bicycles) on the
world’s roads. More than a billion people wear a watch. There are more than a billion
copies of word processing software. In 2018, The Coca-Cola Company accounted
for more than 1.9 billion servings of beverages consumed worldwide every day. The
number of devices connected to the Internet of Things in 2020 is estimated at over
30 billion.

Global Products provide huge opportunities. They allow billions of people to
benefit from products to which they previously had no access. They allow companies
to offer products to a global market of more than 7 billion customers and users. The
resulting opportunities for sales and profits are enormous. So are the potential risks.

3.5.3 Requirements for Global Products

With globalisation, and more potential customers in more countries, the need to
clarify requirements increases.

A potential customer of a global consumer product probably sees it first on the
Web, or on television, or in a glossy magazine. It’s probably being used by happy,
healthy, beautiful people in some great situation. And the potential customer wants to
share the experience. They want that product, and are going to pay goodmoney for it.
It goes without saying that they want a product they can use. They want a product that
they can use where they live, in their country. And they want product documentation
and instructions in a language they understand. They don’t want, for example, a car
built for people in a country where the average height is 20 cm less than in their
country. They don’t want a product, or product packaging, or product labelling, that
is offensive to their religion or national culture. They don’t want a product that they
can’t even use in their own country because it falls foul of government regulations.
They want service close by, in a language they understand.

Often, country-specific implicit requirements will be difficult to identify from a
faraway corporate headquarters. For example, one company Iworkedwith eventually
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found that its product wasn’t selling well in one particular country because people
there thought it didn’t have the smell they associated with a new product.

Similar issues arise with users of industrial products. Users expect them to be
easy to use and safe. They want understandable operating instructions. They don’t
want to work all day at a machine that was built for a country where people are on
average 20 cm taller. They don’t want to strain their arm and leg muscles all day long
to work the machine.

3.6 From Customer Requirement to Product Specification

I only had a few requirements when I bought my HP 2133. However, a few months
after buying it, I had a question about its use. I looked on the Web for some informa-
tion. I found a 20-page specifications document for an HP 2133 Mini-Note PC. On
the first page, this showed front view, left view and right view drawings. There was
a view of the underside, and a rear iew. The drawings were clear and informative.
They even showed features I had never noticed before.

There was a lot of information in those 20 pages, but I expect the developers
had an even larger specification document. Very detailed specifications are needed
to develop and assemble a product. That may seem obvious, but when products have
hundreds or thousands of parts, a huge amount of product specification data is needed.

Going back to the HP 2133 document, I found that the HP 2133 has a spill-
resistant keyboard which is 92% of full size. It is 101/102-key compatible with
isolated inverted-T cursor control keys, both left and right control and alt keys,
12 function keys and hotkey combinations for audio volume, power conservation,
brightness and other features. The US and international key layouts are available.
For Internet access there’s aBroadcom4322AGN802.11a/b/g/draft-nWi-FiAdapter.
There’s a C7-M Ultra Mobile Processor and Genuine Windows Vista Home Basic
32. As for dimensions it has H × W × D of 1.05 (at front) × 10.04 × 6.5 in. The
weight starts at 2.8 lb (1.27 kg), including a 3-cell battery, 1 GB memory, 4 GB flash
module and the 802.11 wireless communications module. The operating temperature
is 32–95 °F (0–35 °C), and so on, and so on, for 20 pages.

3.7 Identification Standards

There are so many numbers and names for parts and products, that standards have
been proposed to make them easier to work with. Some of these are described below.
There are many others that are not described here.
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Fig. 3.4 Some GS1 country
codes

GS1 prefix, “Country Code” Country

000-019 USA and Canada
400-440 Germany
490-499 Japan
500-509 United Kingdom
690-695 China
760-769 Switzerland 
930-939 Australia

3.7.1 Global Trade Item Number

TheGS1 organisation created a system of standards for use in the supply chain. These
include eleven GS1 Identification Keys. Among these are GTIN (Global Trade Item
Number) and GLN (Global Location Number).

There are several GTIN data structures, with different numbers of digits. They
include GTIN-8, GTIN-12, GTIN-13 and GTIN-14. A quick look at the shampoo
bottle reveals a barcode with a 13-digit GTIN, 5 011321 833616. In this structure,
the 13 digits should be read in 4 sections. The first section, with two or three digits,
is the GS1 prefix. The next four, five or six digits are for the Company Number. The
next two–six digits are the Item Reference. The last digit is a checksum digit.

The GS1 prefixes (Fig. 3.4) are “country codes”. They are used in each country
to create GS1 identification keys for companies that apply. These companies may
manufacture products anywhere in the world. So, the GTIN identifies the product,
but the GS1 prefix doesn’t identify the country of origin of a product.

The GS1 country code on the shampoo bottle, 501, is assigned to the UK. The
Global Electronic Party Information Registry (GEPIR) shows the owner of 5 011321
833616 to be the company with GLN 5000174000009, Procter & Gamble UK, New-
castle upon Tyne, United Kingdom.

3.7.2 International Standard Book Number

Books are products. The identifier for a book is the International Standard Book
Number (ISBN). The ISBN is a special 13-digit GTIN code. The first 3 digits of the
ISBN code are 978 (the GS1 “country code” for all books is 978), the next 1 to 5
digits identify the language of the book, the next 4 identify the publisher, the next 3
a particular item (book title). The last digit is a checksum digit. As an example, the
ISBN identifier for the English-language version of a book published by Springer
with the title “Product Lifecycle Management: 21st Century Paradigm for Product
Realisation” is 978-185233810-7. In this example, the 1 after 978-identifies the book
as being in English.
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3.7.3 International Mobile Equipment Identity

Another product identifier is the International Mobile Equipment Identity (IMEI)
number. This is a 15-digit number. Each mobile equipment instance has a different
IMEI. The number has a structure such as 35-098420-998049-0. For that instance,
the initial 35, for the “Reporting Body”, identifies BABT as the reporting body. The
next six digits are the Type Identifier, and the following six digits are the Serial
Number of the device.

3.7.4 International Standard Music Number

The International Standard Music Number (ISMN) is an identifier for printed music.
It consists of 13 digits starting with 979-0, followed by a publisher identifier, an item
identifier and a check digit.

3.7.5 CAS Registry Numbers

Chemical Abstracts Service (CAS) assigns identifiers (CAS registry numbers,
CAS#s) to chemicals. CAS is a division of the American Chemical Society. There
are more than 90 million substances in the CAS database. A CAS number can be up
to 10 digits long. The CAS# of water, for example, is 7732-18-5. That of caffeine is
58-08-2.

3.8 Unique Identifier, Unique Key

The name of an author, for example John Smith, doesn’t uniquely identify a book.
The author could have written several books. There could be several authors with
the same name.

However, the ISBN does uniquely identify a book (Fig. 3.5). Each book has a
different ISBN. Two books don’t have the same ISBN. The ISBN is an example of
a unique key. It uniquely identifies the object (the book).

ISBN Book Title

978-044201075-1 Engineering Information Management Systems
978-185233810-7 Product Lifecycle Management: 21st century Paradigm for Product Realisation (1st edition)
978-144712678-2 Product Lifecycle Management: 21st century Paradigm for Product Realisation (2nd edition)
978-184628914-9 Global Product: Strategy, Product Lifecycle Management and the Billion Customer Question

Fig. 3.5 The ISBN is a unique key
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Another example of a unique key is a Social Security number. It uniquely identifies
a person in a particular country.

3.9 Traceability

Even with the product identifiers described above, it may not be possible to uniquely
identify a particular instance of a product. To more precisely identify an instance,
or a batch of instances, more numbers may be used, such as a batch number or a
production date.

For example, in addition to the numbers mentioned above, the shampoo bottle
has another number, 9307484732 L12, stamped on it near the neck of the bottle. A
more recently purchased bottle has a different number in that position, 9310484729
L12, but all the other numbers are the same.

3.10 Communication of Identifier

It’s one thing to have an identifier, it’s another to communicate it.

3.10.1 Type of Communication

In the case of Smart Products, the product may identify itself when it’s near a sensor.
Or it may identify itself when asked.

In the case of more traditional products, the identifier may be painted on the
product, written on, etched in, printed on a label that is attached to the packaging,
printed on a label that is sewn on the product, or be on a plate that is attached to the
product.

The identifier may be communicated in a coded form, or uncoded. An example
of a coded form is a bar code.

3.10.2 UPC Barcode

Barcodes were invented in the twentieth century. Different organisations proposed
different systems with different numbers and shapes of bars. One of these, the Uni-
versal Product Code (UPC), achieved wide acceptance for tracking trade items in
North American stores. It has 12 decimal digits (for example, 0 39047 00513 6).
Each decimal digit is encoded in 7 binary digits (where 0 is represented by white
space, and 1 is represented by a black bar).
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3.10.3 EAN-13

The EAN-13 barcode system was defined by GS1 for use worldwide. “EAN” orig-
inally stood for European Article Number, but now stands for International Article
Number. It extends the 12-digit UPC system, and is compatible with UPC.

A 13-digit GTIN number can be encoded in a EAN-13 barcode.

3.10.4 Two-Dimensional Barcodes

Two-dimensional barcodes started to be used at the end of the twentieth century. One
of the most frequently used is the QR system. A QR barcode is made up of black
squares on a square white background.

3.11 Product Classification

Classification is different from identification. Identification identifies one thing, for
example, your instance of a washing machine.

Classification enables grouping of similar objects.

3.11.1 Classification

Classification is a way of grouping similar objects according to some criteria. It
differentiates an object from others that are not the same. This may be done to help
recognise a product, or to name it, or to describe it, or to find it. For example, it could
help show that a part on a list on the Web is a screw, and not a power pack. It could
help show that in one aisle of a store there are biscuits, and in another aisle, there are
dairy products.

3.11.2 Advantages of Classification

Classification can help get a quick overview of things. For example, “in this group are
all books in English about PLM”. It can help physically sort products. For example,
“all products with a red stripe are for the US, all those with a blue stripe are for the
Rest of the World”.
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Code Products 

451 Office and accounting machinery, and parts and accessories thereof
452 Computing machinery and parts and accessories thereof 

4522 Portable automatic data processing machines weighing not more than 10 kg, such as 
laptops, notebooks and sub-notebooks 

45221 Portable automatic data processing machines weighing not more than 10 kg, such as 
laptop and notebook computers

45222 Personal digital assistants and similar computers
4523 Automatic data processing machines, comprising in the same housing at least a central 

processing unit and an input and output unit, whether or not combined

Fig. 3.6 Classification example

3.11.3 Classification Systems

Classification systems may be company-specific, industry-specific, specific to a con-
tinent, or global. And, there may be several hierarchical levels to a classification
scheme.

Eurostat is the statistical office of the European Union. It provides statistics at the
European level that enable comparisons between countries and regions.

In the Eurostat Central Product Classification, for example, classification codes
451 and 452 are at one level (Fig. 3.6). 4522 and 4523 are at the next level of detail,
within 452. And 45221 and 45222 are at the next level of detail, within 4522.

3.12 Versions, Variants, Options

3.12.1 Lifecycle State

At different times in the lifecycle, a product will be in different states, for example,
Preliminary, Prototype, Pilot, Production, Service-only and Obsolete.

3.12.2 Version, Iteration

Most products evolve. At a certain time, a product, for example, a software product,
may have certain features and functions, and be at Version 1.0. Later, with more
features and functions, it can be at Version 2.0.

Alternatively, the name may change as the product evolves. For example, the HP
2133 was superseded by the HP Mini 2140 Notebook PC.
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3.12.3 Variant, Option

The words variant and option are used in various ways.
Often a variant will be a variation of a basic working product. For example, the

HP 2133 was available in one variant with Windows Vista, in another variant with
SuSE Linux. There was a variant with a 8.9-in. WXGA display with 1280 × 768
resolution, another with a 8.9-in. WSVGA display with 1024 × 600 resolution.

Options are additions to a basic working product. For the HP 2133, there were
various carrying case options such as the ultra-portable Carrying Case, the Basic
CarryingCase, aValueNylonCase, aUniversalNylonCase and anExecutiveLeather
Case. I don’t have any of them. But that’s not a problem. A product should work
without an option part. However, a product often won’t work without a variant part.
The HP 2133 wouldn’t be so useful with neither the 8.9-in. WXGA display nor the
8.9-in. WSVGA display.

3.12.4 Product Life, Lifetime

For a customer, the “product life” usually relates to the particular product they use,
as in “my car is 10 years old” or “over my car’s life, total emissions of carbon dioxide
will be more than 50 tonnes”.

For a manufacturer, the “product lifetime” is usually the time period over which
a particular product is produced. After this time period, a replacement product may
be available. The Ford Model T had a lifetime of 18 years. It was in production from
September 1908 to June 1927. It was replaced by the Ford Model A, which had a
lifetime of 4 years. It was in production from October 1927 to August 1931. The
Wright Model B Flyer had a lifetime of 2 years. It was produced from 1910 to 1912.
The lastWrightModel B flew in 1934. It had a life of more than 20 years. The Boeing
707 was in production from 1957 to 1978, a lifetime of 21 years.

An individual customer’s product with a long “product life” may still be in use
long after it’s been retired by its manufacturer.

3.13 Product Ownership

3.13.1 Rights

Ownership of a product is an important issue. Ownership gives certain rights over
property.

You may be the owner of your washing machine (for example, if you bought it),
but you are only the owner of that instance, and you have limited rights. Buying it
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probably gave you the right to use it, but didn’t give you the right to clone it and to
produce another one.

Ownership gives rights over property, but it also gives responsibilities. The respon-
sibilities associated with parts and products have to be defined in detail, particularly
when companies sell products containing parts that they haven’t developed and/or
manufactured.

3.13.2 Intellectual Property

Ownership gives rights over property, whether it’s a tangible property or intellectual
property. Intellectual Property (IP) includes copyright, patents and trade secrets.

Copyright refers to the rights, including the right to copy, granted to the author of
an original work.

A patent is a set of rights granted to an inventor in exchange for public disclosure
of an invention.

A trade secret is information, such as a recipe, that’s not known outside the com-
pany, and enables a company to gain competitive advantage.

3.14 Product Structure and Architecture

3.14.1 Structures

During the product lifecycle, many people, such as designers, salespeople, customers
and recyclers, will work with the product. They’ll be involved in different activities.
They’ll want to work with the product in the most appropriate way for their activity.
They’ll want to work with the most appropriate structure. Some users may want to
work with a list of what’s in the product, others may just want a list of what has to
be ordered to manufacture it.

A list is one-dimensional, either a column of entries (a vertical list) or a row of
entries (a horizontal list).

A structurewithmore dimensions, for example, a two-dimensional array of “Num-
ber of Items” and “Item Names”, can hold more information, and be easier to under-
stand.

A structure is helpful and adds meaning. For example, from the list of five parts
in Fig. 3.7, you might not know in which order to assemble the product.

The array in Fig. 3.8 is easier to understand.

Fig. 3.7 A horizontal list bottle liquid shampoo screw cap front label back label
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Fig. 3.8 An array Assembly 1 bottle, front label, back label
Assembly 2 labelled shampoo bottle, liquid shampoo 
Assembly 3 filled bottle, screw cap

Fig. 3.9 A structure of a car
Car

Body

BIW Chassis

Electrical Powertrain

Engine

Engine block Fuel system

Transmission Clutch

Fig. 3.10 A graphical
structure

A

BC

XL

DABC

WA WB

XM

DEFG

YC YD

DHIJ

XN XP

DKLM

ZE ZF

XR

DNPS

BD

Similarly, it’s easier to understand a one-line entry in a two-dimensional array
with “20 Ph8 screws” than a list of 20 lines each with “Ph8 screw”.

Hierarchical structures can be used to model the components of a product.
Figure 3.9 shows the structure of a product, its main assemblies and the relation-

ships between them.
The entity at the top of the structure, in this case the car, is sometimes referred to

as the root of the structure.
The entities at the next level down are known as its children.
Working top-down, each entity, unless it is at the lowest level, may have children.

Working bottom-up, each entity, unless it is at the highest level, has a parent.
The information about a structure that is shown graphically (Fig. 3.10) can also

be shown in array form (Fig. 3.11).
The information in the array in Fig. 3.11 is identical to that in the hierarchical

graphical structure in Fig. 3.10.

3.14.2 Bill of Materials

A Bill of Materials (BOM) is a hierarchical structure showing the things that make
up an end item (part or product). A BOM is hierarchical in that it shows the end item,
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Fig. 3.11 The same
structure in array form

Level Occurrence in sequence Item 

0 1 A
.1 1 BC
..2 1 XL
...3 1 DABC
....4 1 WA
....4 2 WB
..2 2 XM
...3 1 DEFG
....4 1 YC
....4 2 YD
...3 2 DHIJ
..2 3 XN
..2 4 XP
...3 1 DKLM
....4 1 ZE
....4 2 ZF
..2 5 XR
...3 1 DNPS
.1 2 BD

the things that make up the end item, the things that make up the things that make
up the end item, etc.

There can be several BOMs for the same product. The Engineering Bill of Mate-
rials (eBOM or EBOM) shows the objects that make up the end item from a design
viewpoint. It can be shown in graphical (Fig. 3.12) or tabular form (Fig. 3.13).

In addition to the things that make up the end item, and are shown in the eBOM,
a Manufacturing Bill of Materials (mBOM or MBOM) also shows the other things
(such as machine oil) that are needed to make the part or product.

In Fig. 3.12, C is made from an H and an I. B is made from 2 F’s and 4 G’s. One
end item, A, is made from a B, a C, 2 D’s and 4 E’s.

Fig. 3.12 An eBOM in
graphical form

A

B

F (2) G (4)

C

H I

D (2) E (4)

Fig. 3.13 The same eBOM
in array form

Level Item Quantity

0 A 1
.1 B 1
..2 F 2
..2 G 4
.1 C 1
..2 H 1
..2 I 1
.1 D 2
.1 E 4
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3.14.3 Product Architecture

Product architecture links the physical structure of the product to other characteristics
of the product, such as functionality. These relationships are important throughout the
lifecycle. Architecture is closely linked to design. It defines which function will be
in which assembly. Architecture is closely related to production. It defines in which
order the product will be assembled. Architecture is closely related to support. It
defines how the product will be disassembled for service.

For example, if a product has components that need power, and also has a power
supply, then should the power supply and the components using the power be in one
assembly? Or should they be in separate, interfaced assemblies? If they are in the
same assembly, then an interfacewon’t be necessary.However, service engineersmay
prefer the power supply to be in a separate assembly, so that it can be replaced more
easily. And customers may prefer the power supply to be in a separate assembly, as
this may reduce the cost. However, the Manufacturing organisation, trying to reduce
the number of suppliers, may prefer working with a preferred supplier that offers the
power pack and the components in one assembly.

3.14.4 Product Portfolio

Most companies havemore than one product. They have a portfolio of products. Usu-
ally, there are several well-defined groups of products in the portfolio. These groups
may be referred to as product lines, or product families (Fig. 3.14). The products
may be grouped as a function of various characteristics, for example, because they
have similar functionality, or are sold in a particular industry, or are in the same price
category, or have similar production processes.

The nameof the product linemay also be an identifier. Separate product catalogues
may be produced for each product line.

From a top-down viewpoint, the Portfolio is made up of product families, which
are made up of assemblies, which are made up of products, which are made up of
parts (Fig. 3.14). From a bottom-up viewpoint, all parts fit into higher level entities
such as assemblies or products, which fit into product families which make up the
Portfolio (Fig. 3.15).

Fig. 3.14 From portfolio to
part

Product Portfolio
▼ Product Family, Product Line, Product Group
▼ Assembly
▼ Product

Part
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Fig. 3.15 From part to
portfolio

Product Portfolio
▲ Product Family, Product Line, Product Group
▲ Assembly
▲ Product

Part

3.14.5 Product Model

A model is a simpler representation of something else. Because it’s less complex, a
productmodel can be builtmuch quicker than the product itself. Once built, themodel
will help increase understanding, and reduce the risk of misunderstanding. Models
may address many different properties, including physical structure and appearance,
electrical behaviour and aerodynamic performance.

Before a building such as a skyscraper is built, it’s normal practice for an architect
to build a model for public display. The model shows what the building will look
like, and how it will fit in the environment.

After the Great Fire of London in 1666, Christopher Wren created models for the
new St. Paul’s Cathedral. Some of them can still be seen in the cathedral crypt.

Similarly, models of many products are created before the product is manufac-
tured. They may not be put on public display, but they will be shown to many people,
such as potential customers and suppliers. They will also be shown to people from
the many parts of the company who will work with the product across its lifecycle.
The models will help increase knowledge and understanding of the product.

Christopher Wren made models out of wood. Today, virtual (computer-based)
models can be made.

3.15 Description, Definition and Representation

During the product lifecycle, the product will be described and represented in many
ways. Different customers and users will need different representations. Different
types of developers will need different representations.

For example, a potential customermightwant to see a photograph, or a drawing, of
a product before ordering it. Other customersmightwant to see a list of specifications.
Another customermaywant to browse through a catalogue containing a set of similar
products, and then select one particular product. A customer who buys software will
want to see the user manual. A customer may want a service manual to know how
to repair the product if it breaks down.

Product developerswillwant to seeother representations.On the shopfloor, people
will want to see manufacturing drawings. Maintenance engineers won’t be interested
in seeing how the product ismanufactured, but will be interested in drawings showing
how to service it as quickly as possible. Dismantling operatives will want to see yet
other representations. For some, a 2D drawing could be enough, for others, a 2D
representation could be ambiguous and they would want to see a 3D model.
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Although the representations mentioned above may all be different, and be used
in different situations, they all represent the same product, and must be consistent.

3.16 From Customer Requirement to Performance

Most customers and users of products probably don’t think about how the product
was developed, manufactured and made available. That’s not their concern. They
just want it to perform the way they like. And they expect it to perform the way the
manufacturer claims it will perform.

3.17 No Product Is an Island

No product is an island, isolated from the rest of the world. All products are closely
related to other PLM components. They are also influenced by other forces within the
company, and outside the company. As an example, in response to customer demand,
electronic parts and software may be added to a product that before had none. Then,
assuming nothing is outsourced, the company will need to hire some people with
skills in electronics and software. The company organisation may be changed by the
addition of an electronics department. Processes will need to be created and changed
to address electronics and software. There will be new data types, perhaps circuit
diagrams and code lists. Part numbering and naming will have to be reviewed. The
classification scheme may need to be extended. New applications will be needed to
develop, simulate, analyse and test the new parts. New equipment will be needed in
development and production. Depending on the product and its use, conformity may
be needed with specific regulations. New performance indicators will be introduced
to measure and improve performance of the new parts.

3.18 Causes of Product Problems

Often an enquiry will be held when there’s a serious problemwith a product. Usually,
it’s found that there are causes of several types (Fig. 3.16).

Typical sources of the problems are shown in Fig. 3.17.
Often it seems that everyone was doing their job the way they should have, but

somehow, things fell through the cracks because something wasn’t done (Fig. 3.18).

physical causes technical causes organisational and cultural causes

Fig. 3.16 Different types of cause
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bureaucracy design alternatives ignored information lost, misunderstood, ignored
lack of training customer needs misunderstood inter-departmental communication problems
design faults lack of prototypes and testing informal decision-taking and change-making
culture of risk-taking standards not suitable/not adhered to management pressure overriding technical rules

Fig. 3.17 Typical sources of problems with products

details understood, but not the overall picture information got lost risks not fully analysed
customer requirements misinterpreted key relationships ignored decisions not co-ordinated

Fig. 3.18 Issues affecting products

Although the physical effects of a major problem with a product may be the most
visible, the principal causes are often organisational and technical. These causes have
to be identified and understood so that measures can be taken to prevent their effects
recurring.

3.18.1 Challenger

The Presidential Commission investigating the Challenger Space Shuttle accident
found that the physical cause of the accident was the failure of the O-ring pres-
sure seals in the aft field joint of the right Solid Rocket Booster. This was due to a
faulty design overly sensitive to several factors. One of thesewas temperature. O-ring
resiliency is directly related to temperature. A warm O-ring that’s been compressed
will return to its original shape quicker than a cold one when compression is relieved.
The O-ring seals weren’t certified to fly below 53°F. The Commission found that,
on the eve of the launch, NASA and the Booster builder debated whether to oper-
ate the Shuttle in the expected cold weather. (Overnight the temperature dropped to
19 °F and at launch time was 36 °F.) The engineers recommended a launch postpone-
ment. Under pressure from mid-level managers, they reversed the recommendation
and gave the go-ahead to launch. The Commission found that higher level NASA
managers weren’t informed of the late-night debate. The Commission looked at man-
agement practices and the command chain for launch commit decisions. It found a
culture that had begun to accept escalating risk, and a safety program that was largely
ineffective.

3.18.2 Columbia

The Columbia Accident Investigation Board found that the physical cause for the
Columbia Space Shuttle’s break-up during re-entry was a breach in the thermal
protection system on the left wing’s leading edge. This was caused by insulating
foam which separated from the External Tank 81.7 s after launch and struck the
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reliance on past success as a substitute for sound engineering practices (such as testing)
organisational barriers preventing effective communication of information and stifling differences of opinion
lack of integrated management across program elements
an informal chain of command and decision-making processes

Fig. 3.19 Practices detrimental to safety

wing. During re-entry, this breach allowed superheated air to melt the aluminium
structure of the wing, resulting in break-up. According to the Board’s report, the
organisational causes of the accident were rooted in Space Shuttle Program history
and culture. Cultural traits and organisational practices detrimental to safety had
developed (Fig. 3.19).

3.18.3 SR-111

TheCanadianTransportation SafetyBoard investigation into the crash of the Swissair
Flight 111MD-11 found that the accident was probably caused by an arcing event on
an in-flight entertainment network (IFEN) cable, which set alight nearby flammable
material. TheBoard’s report has a long list of “Findings as toCauses andContributing
Factors”. The investigation found that aircraft certification standards for material
flammabilitywere inadequate. They allowed the use ofmaterials that could be ignited
and propagate fire. And the type of circuit breakers used in the aircraft was not able
to protect against all types of wire arcing events. The original design philosophy
had been for “non-essential” passenger cabin equipment to be powered by one of
eight cabin buses. These couldn’t provide sufficient power for the IFEN system that
was originally planned, so another bus was used. The new design didn’t include a
way to deactivate the IFEN system when the pilot switched off the cabin power.
It didn’t provide the pilots with a procedure to deactivate the IFEN system during
an emergency. There were no built-in smoke and fire detection and suppression
devices in the area where the fire started and propagated. And, in the deteriorating
cockpit environment, the positioning and small size of standby instruments would
have made it difficult for the pilots to transition to their use, and to continue to
maintain the proper spatial orientation of the aircraft. On the organisational side, the
investigation found that, in the past, Swissair had relied on its MD-11 maintenance
provider, SR Technics, to manage modifications to its MD-11s. However, after SAir
Groupwas restructured, SRTechnics became a separate business entity. For the IFEN
project, Swissair chose another contractor for the design, certification and integration
services. It made a separate agreement with SR Technics to provide support to the
contractor. The contractor subcontracted parts of the project, and the contractor’s
prime subcontractor further subcontracted some of the work.

This example shows again the complexity of the product lifecycle, and why it
needs to be properly managed. In this case, it’s apparent that even an industry certi-
fication standards organisation plays an important role in the product lifecycle. And
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the complexity of the extended enterprise is seen again. There’s a contractor support-
ing another contractor which has contracted to a subcontractor which has contracted
to a sub-subcontractor.

3.18.4 Ariane 5

The Ariane 501 Enquiry Board identified the chain of events corresponding to the
technical causes for disintegration of the rocket. The rocket started to disintegrate
because of high aerodynamic forces resulting from a sudden change to the direction
of flight. This led to the rocket self-destructing. The change of flight directionwas due
to erroneous data transmitted by Ariane’s inertial reference system (IRS). A software
exception had occurred in the IRS unit while executing a data conversion from 64-
bit floating point to 16-bit integer. The exception was detected, but inappropriately
handled.

The Board found that the loss of guidance and attitude information was due to
specification and design errors in the software of the IRS. And the reviews and
tests carried out during Ariane 5 development hadn’t included adequate analysis and
testing of the IRS or of the complete flight control system, which could have detected
the potential failure.

Recommendations from the Enquiry Board included: improved testing; software
qualification reviews for each item of equipment incorporating software; making
all critical software a Configuration Controlled Item; including external participants
when reviewing specifications, code and justification documents; setting up a team to
propose the procedure for qualifying software; and a more transparent organisation
of the partners in the program.

3.18.5 Multiple Causes

There are usually multiple causes leading to a problem. However, people often have a
tendency to look for a single root cause, a single cause that leads directly to the effect,
or occurs at the beginning of the series of events that leads up to the problematic
effect. Perhaps they hope that, when they have identified such a single cause, they
will be back in control. And it will then be easy to identify the measures needed to
prevent recurrence of the effect.

The approach of looking for a single root cause may be valid when applied in an
environment that is well-structured and limited in scope. However, in an environment
in which activities are carried out in parallel, and in other more complex environ-
ments, there are usually multiple causes. In these environments, which include the
environment of global product development, production, use and support, there is
usually not just a single cause, but a network of interrelated causes. They’ll all have
to be understood and addressed if recurrence of the effect is to be prevented.
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Need to reduce Time To Market Customers looking for more customisation
All available product numbers used up Waste and rework due to overlapping assembly structures
Overlap of significant numbers Due to mergers, multiple incoherent product numbering systems
Losses due to counterfeits Customers requesting better product support in Middle-of-Life
Incorrect classification Regulators requiring pollution-free End-of-Life
Unclear definition of lifecycles A key customer requirement was misinterpreted

Fig. 3.20 Potential product-related challenges for a company

3.19 The Challenges

At a particular time, the specific product-related challenges that a particular company
faces could come from several sources (Fig. 3.20).
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Chapter 4
PLM and Business Processes

4.1 This Chapter

4.1.1 Objective

The objective of this chapter is to give a basic introduction to product-related business
processes in a company’s PLM environment and PLM Initiative. This will help those
in a company’s PLM Initiative to understand process-related topics and participate
more fully in the PLM Initiative. This chapter also aims to give students a basic
understanding of the business process component of a company’s PLM environment.

4.1.2 Content

The first part of the chapter is an introduction to business processes in the PLM
environment. It describes the purpose, role and importance of processes across the
product lifecycle. Definitions are given of frequently used terms in the business
process environment. The different approaches to managing business activities in
the twentieth century and the twenty-first century are described. Examples are given
of processes, and of the tools and documents that are used to manage them. The need
for business processmodelling is introduced. Different types of process flow diagram
are described. Use cases and workflows are addressed. Required characteristics of
processes, including KPIs, are outlined.

The second part of the chapter addresses business processes in the PLM environ-
ment of a typical company. It describes typical process issues that are encountered
in many companies. The interaction with other components of PLM, and with other
company initiatives is addressed. The process challenges that occur in a typical PLM
Initiative are described. A generic vision is given for the business process component
of PLM.
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The third part of the chapter describes typical projects in the PLM Initiative
that are related to business processes. The need for business process improvement is
described. Critical Success Factors for process improvement are described. Examples
of process-related projects are given. Business process mapping andmodelling activ-
ities are addressed. Guidelines are provided for process mapping. Other examples of
process-related projects address the Engineering Change Management (ECM), New
Product Development (NPD) and Portfolio Management processes.

The fourth and final part of the Chapter builds on the experience of working with
business processes with many companies. It shares lessons learned from experience
in PLM Initiatives. An approach to business process improvement is outlined. The
pitfalls of process modelling are described. Top management’s role in the manage-
ment and improvement of business processes is addressed.

4.1.2.1 Skills

This chapter will give students, in classes for which this book has been assigned, a
basic understanding of business processes in the PLM environment. They’ll learn
what a business process is and why it’s important. They’ll be able to explain, commu-
nicate and discuss about business processes and related activities in a PLM Initiative.

In addition, they’ll learn how business processes are documented. They’ll know
about business processmapping andmodelling. They’ll learn about the problems and
opportunities with business processes in the PLM environment of a typical company.
They’ll be able to describe the typical activities of a process improvement sub-project
in a PLM Initiative. And, they’ll be aware of some companies’ experience with
business process improvement sub-projects in PLM Initiatives.

4.1.3 Relevance of Business Processes in PLM

Business processes are a main component of the PLM Grid (Fig. 4.1). They contain
all the company’s activities and knowledge about how to ideate, define, manufacture,
support, use and recycle a product. A business process describes how the company
wants to work on a particular activity. Put together, all the business processes of a
company show how the company wants to operate.

Companies have a choice. For example, they can work with a New Product Devel-
opment process with which it takes 18 months to get a product to market. Or they
can improve the process and get the product to market in 9 months. They can have a
New Product Development process that doesn’t include Risk Management, and then
waste time and effort firefighting when issues arise in NPD projects. Or they can
include Risk Management in the process and avoid the issues.

A business process defines the tasks that people will do to achieve a business
objective (e.g. develop a new product). Ideally, the tasks in the process would involve
the minimum of effort required to achieve the objective. However, in practice, it
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Fig. 4.1 The PLM Grid

could also include tasks that add no value, but add to the cost and time of achieving
the objective. Companies that want to perform well in activities across the product
lifecycle don’twantwaste in their processes. But, before they can eliminate thewaste,
they need to understand the processes.

If they are effective, business processes will provide a competitive advantage. If
they aren’t, then increased costs will result. The quality of the business processes
across the product lifecycle is a key element of product success. Errors and/or waste
in these processes can cost millions of dollars and waste months of time.

Business processes enable the company to develop, sell and support the product
effectively. If a change is needed to the product, for example, because of changing
laws or regulations, an effective process will enable quick change. If the company
can’t control its business processes, it will find it difficult to manage its products.

The requirements for business processes are clear (Fig. 4.2).
If business processes aren’t managed effectively, the result will be wasted time,

rework costs, and slow time to market. Business processes don’t look after them-
selves, and like anything that’s not properly organised andmaintained, won’t perform

under control users well-trained high quality, accurate, complete
lean, waste-free considered as a strategic company asset well-documented

Fig. 4.2 Requirements for business processes
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as required. Over time, they will slide into chaos and decay. However, this has to be
avoided as the slightest error in a process can have serious consequences for the prod-
uct and those associated with it. Getting business processes organised, and keeping
them organised, are major challenges in PLM.

4.2 Definitions and Introduction

4.2.1 Definitions

4.2.1.1 Process

The ISO 9000 Introduction and Support Package: Guidance on the Concept and Use
of the Process Approach for management systems document defines a process as a
“set of interrelated or interacting activities, which transforms inputs into outputs”.

4.2.1.2 Business Process

A business process is an organised set of activities, with clearly defined inputs and
outputs, which creates business value.

Within each of the activities there are usually tasks, roles, responsibilities, check-
lists, milestones, deliverables and Key Performance Indicators (KPIs) that specify
in detail the scope, nature, type, information needs, resources, required skills and
measurement of work.

4.2.1.3 Process Mapping

The term Process Mapping is usually used to describe the activity of documenting
an existing process. This activity is also sometimes referred to as Business Process
Mapping, or Process Charting, or Process Flow Charting.

4.2.1.4 Process Modelling

The term Process Modelling, or Business Process Modelling, is usually used to
describe the activity of creating models of future processes.
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4.2.1.5 Business Process Management

Business Process Management (BPM) is an overall approach to the improvement
of a company’s business processes. It includes process mapping, process modelling
and process measurement.

4.2.1.6 Methods/Techniques/Best Practices

A method (also sometimes referred to as a technique or a best practice) is a rec-
ommended way of carrying out a particular set of activities. There are more than
a hundred methods related to products. They range from very technical methods
to broad-brush management approaches. Examples include Activity Based Costing
(ABC), Design for Assembly (DFA) and Total Quality Management (TQM).

4.2.1.7 Use Case

A Use Case describes, from the user viewpoint, the interaction between a user of a
system and the system. The interaction is made up of many individual actions. A Use
Case can be used, during system design, to show expected behaviour and to clarify
requirements.

4.2.1.8 Workflow

A workflow (or application workflow) is a small set of connected actions that are
frequently carried out, and has been automated in a particular application. The actions
will normally have been defined in a Use Case.

4.2.2 Action Across the Product Lifecycle

There’s a lot going on in a company as a product is developed, manufactured, sup-
ported and retired. Figure 4.3 shows some of the things that have to happen if every-
thing is to work well with the product across the lifecycle.

manage projects capture product ideas screen ideas evaluate proposals prioritise projects
identify requirements specify products define BOMs define Design Rules design products 
cost products purchase parts simulate parts test parts manage orders
configure products plan Manufacturing make parts assemble parts use products
get feedback solve problems make changes replace parts maintain products 
refurbish products compare actual costs hire people upgrade equipment retire products
disassemble products recycle parts train people report progress measure progress

Fig. 4.3 Examples of product-related activities in the lifecycle
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alliance management leadership contract review corrective action delivery
risk management design control disposal document control service provision
change management handling inspection contract preparation operations
analysis packaging process control supplier audit integration
project management prototyping validation quality assurance quality control
equipment purchase progress review machine set-up plant maintenance verification
product modification acquisition project planning part storage disposal 

Fig. 4.4 More product-related activities in the lifecycle

Although there are 35 activities in the above table, they are just a small sample
of the activities that occur in the product lifecycle. Figure 4.4 shows another 35
activities.

It would be possible to show a few more tables of 35 activities. However, the
intention isn’t to list hundreds of activities. The intention is just to show that there
are very many activities in the product lifecycle. And, with so many activities, it
should be clear that they will have to be organised.

4.2.3 Organising the Action

For a company to function effectively, it has to manage all of the activities across the
product lifecycle.

4.2.3.1 Departmental Focus

For most of the twentieth century, companies were mainly organised by func-
tional departments such as Marketing, Engineering, Manufacturing and After-Sales
(Fig. 4.5). People were assigned to a department. Each of the activities listed above
was assigned to a department. Then, for example, people in Engineering did the work
the way the boss of Engineering told them to work. And people in Manufacturing
worked the way the boss of Manufacturing told them to work. In the 1970s, most
activities were carried out in this way.

Products were developed in serial separate steps, starting with design and engi-
neering. The Engineering Department did all its work alone, then “threw the design
over the wall” (Fig. 4.6) to the Manufacturing Department. As a second step, manu-
facturing engineers tried towork out the bestway to produce parts. Once this had been
done, the purchasing department would look for the best sources of parts. Eventually,
an attempt would be made to manufacture the product. Manufacturing would find all
sorts of problems with the design, and send it back to Engineering for improvement.
Design errors and incompatibilities would then be seen, and much time and money
spent on making the necessary changes.
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Fig. 4.5 Departmental organisation

Fig. 4.6 Interdepartmental wall

4.2.3.2 Method, Technique, How-to, Best Practice

A departmental structure may make it easy to control people, and tell them what to
do. However, it doesn’t reflect accurately the way that a company works. In reality,
a lot of the activities that take place across the product lifecycle involve people from
many departmentsworking together. For example, developing a newproduct involves
people fromMarketing, Engineering, Manufacturing and Service. If some people are
working one way (for example, working the way the Engineering VP tells them to)
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on activities, and others are working another way (for example, working the way the
Manufacturing VP tells them to), there will be confusion. Errors will result. Time
will be wasted.

By the late 1970s, companies were looking for ways to overcome the problems of
serial, departmental work. The first “methods” appeared. Sometimes referred to as
techniques, or best practices, theywere recommendedways of carrying out particular
sets of activities.

Among themethodswereConcurrentEngineering andSimultaneousEngineering.
In its December 1988 report “The Role of Concurrent Engineering in Weapons Sys-
tem Acquisition”, Concurrent Engineering was defined by the Institute for Defense
Analysis (IDA) as—“…a systematic approach to the integrated, concurrent design
of products and their related processes, including manufacture and support. This
approach is intended to cause the developers, from the outset, to consider all ele-
ments of the product lifecycle from conception through disposal, including quality,
cost, schedule, and user requirements.” Concurrent Engineering and Simultaneous
Engineering, with their emphasis on product teams made up of individuals from dif-
ferent departments and even different companies, and parallel working on processes
that were previously carried out in series, aimed to overcome the disadvantages of
the previous serial approach.

Another set of methods that appeared is known as DFX (Design for X). The inten-
tion ofDFXmethods is to ensure that, during the design phase of a product, account is
taken of the requirements of “X”. For example, DFM (Design for Manufacture) aims
to ensure that, during the design phase of a product, account is taken of the require-
ments of Manufacturing. Methods in the DFX group include Design for Assembly
(DFA), Design for Cost (DFC), Design for the Environment (DFE), Design for Recy-
cling (DFR), Design for Repair (DFR), Design for Six Sigma (DFSS), Design for
Sustainability (DFS) and Design for Testing (DFT).

Another set of methods that appeared is the EXI group. These methods aim for
earlier involvement of peoplewhowould previously have been involvedmuch later in
a serial development approach. Examples include Early Manufacturing Involvement
(EMI), Early Purchasing Involvement (EPI) and Early Supplier Involvement (ESI).

The third group of methods is the LCX group. These methods aim to encourage
their users to take account of the lifecycle of a product. Methods include Life Cycle
Analysis (LCA), Life Cycle Assessment (LCA), Life Cycle Costing (LCC) and Life
Cycle Design (LCD).

Note that thesemethods propose specific solutions to specific problems in specific
parts of the company. They don’t take an overall integrated approach.

4.2.4 Process Approach

Towards the end of the twentieth century, another move away from the serial, depart-
mental approach occurred. Companies began organising another way, grouping the
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customer focus involvement of people system approach to management factual approach to decision making
leadership process approach continual improvement mutually beneficial supplier relationships

Fig. 4.7 ISO 9001s eight principles for a company’s QMS

activities into business processes, and organising around these processes. Since the
1980s, the ISO 9000 family of standards has underlined this process focus.

A process approach is one of the eight principles for a company’s Quality Man-
agement System (QMS) recommended in the ISO 9001:2008 Quality management
systems—Requirements document (Fig. 4.7).

Whereas the techniques mentioned in the previous section propose specific solu-
tions to specific problems in specific parts of the company, the business process
approach applies across the company for all activities.

4.2.4.1 No Standard Processes

Several ISO standards indirectly address business processes in the PLMenvironment.
ISO 10007, “Quality management systems—Guidelines for configuration manage-
ment”, is an example. However, these documents don’t provide standard processes
or describe processes in detail. As their titles suggest, they are more at the level
of requirements and guidelines. According to ISO 9001:2008, “All requirements of
ISO 9001:2008 are generic and are intended to be applicable to all organisations,
regardless of type, size and product provided.”

In the absence of standard processes, each company has to define its own busi-
ness processes. Business processes define the way a company behaves. They are
an important part of a company’s make-up, and can be a performance differentiator
between companies. Even in regulated industries, companies aren’t forced to follow
exactly the same processes. Instead, they define their own processes, taking account
of regulations, with the objective of performing as effectively as possible.

4.2.4.2 Business Process Architecture

The high volume of action across the product lifecycle results in there being many
processes, of different size and importance, in a company. There are actually somany
processes that companies take steps to organise them.Companies usually position the
processes in a Business Process Architecture with a hierarchy of business processes,
processes, sub-processes, sub-sub-processes and activities. At the highest level of
the hierarchy are the business processes. A correctly organised, coherent process
architecture will enable effective working across the product lifecycle. It’s a common
reference for everyone in the company when thinking about processes.

Processes may be divided into three groups. These are operational processes, sup-
port processes and management processes. Operational processes create value for
external customers. Support processes create value for internal customers. Often, at
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Fig. 4.8 Example of
Business Process
architecture

the top level of the Business Process Architecture, companies include the Manage-
ment processes, three Main operational processes, and a set of Support processes
(Fig. 4.8).

The three main operational processes are Supply Chain Management, Customer
Relationship Management and Product Lifecycle Management. The Product Lifecy-
cle Management process runs from Portfolio Management to Phase Out.

Companies are in such different businesses that they don’t have exactly the same
processes in the PLM environment. Product-oriented, project-oriented and order-
oriented companies, for example, would be expected to have different PLMprocesses
as they have very different activities. At a high level, though, there are six product-
related processes that are found in most companies. Five of them correspond to
the five phases of the product lifecycle. These are the Product Ideation process, the
Product Definition process, the Product Realisation process, the Product Support
process and the Product Phase-Out process. In addition there’s a Product Portfolio
Management process (Fig. 4.9).

4.2.4.3 Business Process Management

There are somany business processes, and it’s so important to get themworking right,
that many companies have a special Business Process Group to define, maintain and
improve processes.

To manage the processes, there are special processes for establishing, defin-
ing, documenting, publishing, maintaining and improving business processes. These
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Fig. 4.9 Six-product-related processes

include sub-processes for planning, review, measurement, audit, monitoring, verifi-
cation and validation.

4.2.4.4 Needed Characteristics of a Process

It’s often said of PLM that the devil is in the detail. Business processes are no
exception. There will be problems unless all the details are right. There are several
things about a process that need to be clearly defined (Fig. 4.10).

The purpose of a process, its objective, needs to be clear. If it’s not clear, then
people will get confused. They won’t be sure about what they’re doing, or should
do, and they won’t work as effectively as possible.

The scope of a process needs to be clear. Its boundaries should be clear. The start
point and the input need to be clear. The endpoint and the output need to be clear.

The position of a process in the company’s process architecture needs to be clear. It
needs to have the right neighbours. Communication with its neighbouring processes
needs to be clearly and correctly defined.

The activities of a process need to be clear, as do the participants in the process,
the roles of the participants, the information they use and create, and the tools they
use. Anything that isn’t clear will lead to hesitation and confusion. As a result, time
and money will be wasted.

Each process must have a customer. If nobody’s going to use the output of a
process, then the process doesn’t need to exist. The customer of a process may
be an internal customer (inside the company) or an external customer (outside the
company). The process must add value. Otherwise, it’s not needed.

Each process needs an owner who is responsible for its performance and improve-
ment.

scope name start point, end point owner activities customer
output purpose input KPIs location neighbours 

Fig. 4.10 Examples of process characteristics
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the Intellectual Property Management Process the Discovery Process the Retirement Process
the New Product Development Process the Assembly Process the Disassembly Process
the Engineering Change Management Process the Disposal Process the Risk Management Process
the Requirements Management Process the Phase-Out Process the Refurbishment Process
the Concept Development Process the Test Process the Portfolio Management Process 

Fig. 4.11 Some processes in the product lifecycle

Each process needsmetrics, orKey Performance Indicators (KPIs), so that process
performance can be measured, reported, analysed and improved. Determining what
to measure, and how to measure it, are key initial activities of process management.
Some of the KPIs that are chosen are likely to be process-oriented KPIs, such as the
number of documents in a process, or the number of steps in a process. Some KPIs
are likely to be business-related KPIs such as the time it takes to execute the process.
And some KPIs are likely to be product-related KPIs such as the number of product
defects resulting from a process.

4.2.4.5 Naming of Processes

At the highest level, a process is often identified as the “XYZ Process” (Fig. 4.11).
However, at lower levels, since processes describe activities, descriptions need to
start with a verb, for example, “Create a list of new ingredients”.

4.2.4.6 Particularities of Business Processes in PLM

The business processes in the PLM environment are more complex than those in
other areas of a company.

Business processes in the PLM environment take much longer to execute. For
example, it may take 2 years to execute the New Product Development process.
Whereas, it may take two seconds to prepare and send your monthly phone bill.

The information structures in business processes in the PLM environment are
more complex. For example, the information structure of a car made of 20,000 parts
is more complex than that of the monthly invoice you receive from your telephone
company.

Business processes in the PLM environment contain many more tasks. The New
Product Development process may contain hundreds or thousands of tasks. In other
areas, the processes may contain just a few tasks.

In the PLMenvironment,most of the business processeswill be company-specific.
In other areas of the company, for example, that of preparing the company accounts,
many companieswillwork to an international standard, for example, the International
Financial Reporting Standards (IFRS).

In the PLM environment, descriptions of most of the business processes will
contain a lot of technical terms and company-specific jargon that makes no sense to
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the uninitiated. In other areas, the words used in the business processes will either
be drawn from everyday language or based on standard terminology.

In the PLM environment, business processes are often industry-specific, product-
specific and company-specific. There is little in common between the details of a
Product Maintenance process for a military aircraft manufacturer and the details of
a Product Maintenance process for a soft drinks manufacturer.

4.2.4.7 PLM Process Particularities, but Similar Management

Although business processes in the PLM environment are different from those in
other areas of a company, they are managed in the same way. The process objective
has to be defined. The process has to be documented. Meaningful Key Performance
Indicators (KPIs) have to be defined. Targets have to be set. People have to be trained
to work in the process. Performance has to be measured. KPIs have to be reviewed
to see if the business process is performing as expected.

4.2.4.8 Consequences of Neglecting Processes in the PLM Initiative

If you don’t look at business processes in a PLM Initiative, you won’t know if the
business activities you’re executing are as effective as possible. You won’t know if
the product is being managed effectively across the lifecycle. You won’t know if the
peopleworking in the processes arewasting their timeon tasks that add costs and time.
If you don’t regularly review the processes, you can expect the amount of wasteful
activities in the processes to increase. You can expect that process performance will
get worse.

In a PLM Initiative, someone will usually suggest a new application. Others will
immediately agree. Yes! That sounds great! It will improve performance! But, if the
business processes aren’t known in detail, how can anyone know if the application
will actually improve performance? How is the application going to meld with the
tasks, product data, people and applications of the existing process? For example,
input data for the application has to come from somewhere and be in a certain format,
so a new interface will be needed. Similarly, output data from the application will be
used elsewhere, probably in a different format, so another interface will be needed.
Or will the data be entered by hand (risk of error, waste of time, increase of cost)?
Will new tasks, adding no value, be added to the existing process to allow data to be
exchanged between the different data formats? Another possibility is that part of the
work done by the new application is already done by tasks in the existing process.
If you don’t review the process, you won’t know this, so you’ll do the same work
twice.

By looking in detail at existing business processes, you see the product data and
documents that are really used. Then you have several options to improve perfor-
mance. You could just put this data in your PDM system. Or you could try to improve
the business process. And then you could define the documents and the data for the



112 4 PLM and Business Processes

new process. Then you could put them in the PDM system. But if you don’t look in
detail at existing processes, you may never knowwhat should be in the PDM system.

4.2.5 Tools to Represent Business Processes

It’s possible to make a model of a business process with simple tools such as a pencil
and a piece of paper. Tools such as Excel, PowerPoint and Visio can also be used
to document the current and future process situations. These tools may not seem
highly sophisticated. However, they’re widely available, usable by most people, and
understandable by most people.

There are, of course, more sophisticated applications that include specific func-
tionality for process mapping and improvement. However, they often require addi-
tional training and licensing.And if someone doesn’t understand the basics of process
mapping in Visio, they’re unlikely to understand it in a more sophisticated applica-
tion.

It’s relatively easy to map processes in PowerPoint (Fig. 4.12), starting from the
top level and working down.

Hierarchical decomposition is a frequently used approach in process modelling.
Starting at the top level (Level 0), the main activities at the next level down (Level
1) are identified. Usually, between 4 and 7 activities are identified at Level 1. Then,
the same technique is applied at the next level down. For each of the activities at
Level 1, the main tasks at the next level down (Level 2) are identified. Again, usually
between 4 and 7 tasks are identified for each activity. In Fig. 4.13, “Develop New
Product” is at Level 0. There are five main activities at the next level. One of these is

Change Management

Product
ideation
processes

Product Portfolio Management

Quality Management

Product
definition
processes

Product
realisation
processes

Product
use/support
processes

Product
phase-out
processes

Fig. 4.12 Top-level process layout
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Fig. 4.13 Hierarchical process decomposition

“Identify Concepts, Select Best Concept”. This is made up of seven tasks at the next
level down.

A similar approach can be taken using Excel. In this case, though, instead of laying
out processes across a slide, they can be listed vertically in the cells of a column.
There is more room available with Excel, so the process name can be included in an
adjacent cell. Other cells across the row can be used to document information such
as the process owner, the participants in the process, the input, the deliverables, the
workload, the value and the average time spent in the process.

4.2.5.1 BPMN

PowerPoint and Excel arewidely available and easy to use for process representation.
However, they have limited functionality for process representation. And the graphic
objects (boxes, lines, etc.) that one person creates with these tools can have whatever
meaning that person wants. The result can be that other people won’t be able to
understand the resulting diagram.

This problemcan be overcome by using a standard notation formodelling business
processes such as BPMN 2.0. This has special predefined symbols for activities,
conversations, events, gateways, artefacts, data objects, swim lanes, participants,
orchestrations, choreographies, collaborations, sequence flow, groups, pools, etc. It
was developed specifically for modelling business processes, and was adopted as a
standard by the Object Management Group (OMG) in 2006.
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to retain knowledge to define how a company wants to work to understand the process as a first step to improving it
to explain the process to make it easy to train new employees to assure quality, "this is the right way to do it"
to achieve compliance to define how a company wants to work to show how a companyís processes fit together

Fig. 4.14 Reasons for documenting Business Processes

4.2.6 Documenting Processes

4.2.6.1 Reasons for Documenting Processes

There are many good reasons for documenting a company’s business processes
(Fig. 4.14).

4.2.6.2 Models

The scope of the PLM environment is wide. It’s a complex environment. It’s difficult
to understand. Simplemodels are needed to help people understand and communicate
about it. Amodel of the PLM environment acts as a common basis for discussion and
communication. It helps people increase understanding and reach a common view.

Many different models can be developed. For example, a model could show how
product data is created and used in business processes by people from different
departments using different applications. Models can show the situation at different
times, and from different viewpoints. Some of these models are complementary.
Companies often find that it’s useful to create models of both the current (“as-is”)
situation and the future (“to-be”) situation. These will eventually be related by a plan.

Another useful pair of models is the “top-down” model and the “bottom-up”
model. The “top-down” model is developed from a business-oriented overview of
the PLM environment, working down towards individual operations and detailed
descriptions of data and activities. The complementary “bottom-up” approach starts
from individual operations and detailed descriptions of data and activities. Then, it
links data and operations, and builds successively higher levels of information and
processes.

4.2.6.3 Process Flow Diagrams

A simple list of process steps for a process wouldn’t show the interactions between
tasks. Itwouldn’t show the different routes the flowmay takewhen a decision is taken.
Interactions are easier to show in flowcharts. These may be presented horizontally
or vertically (Fig. 4.15).
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Fig. 4.15 Vertical and horizontal flowcharts

4.2.6.4 Swimlanes

Another way of modelling a flow of activities is to show them in horizontal “swim-
lanes” (Fig. 4.16). This approach allows information about the roles of participants
(“actors”) to be shown. It shows the flow of activities, including the activity of taking
a decision.

The swimlane example (Fig. 4.16) shows roles and activities. It has a swimlane
for each role. Adding a swimlane for a PDM application makes it possible to link an
activity with the data it uses (Fig. 4.17).

The swimlane diagram could be of the current situation, or of the desired future
situation. In either case, it will help people understand what happens in the process,
who does what, what data is used, and so on. The diagrams can be annotated to show
who participated in their development, and who validated them. This will help get
everyone on the same page. It will also show that everyone involved is on the same
page. The diagrams can also be annotated to highlight the position of strengths and
weaknesses, and opportunities for improvement.
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1 process name 8 process step description
2 document name, number, revision, date 9 metrics
3 purpose 10 forms
4 scope 11 IT systems
5 terminology definitions and acronyms 12 special techniques
6 process flow diagram 13 responsibility and authority
7 participant responsibilities 14 references

Fig. 4.18 Sections of a process description document

4.2.6.5 Process Description Documents

One part of a company’s process documentation usually includes a top-down descrip-
tion of how the business processes fit together (the company’s overall Business Pro-
cess Architecture). Another part of the documentation addresses each process in
detail.

For each process, there should be a process description document. This document
provides guidance to participants on how to carry out the activities in the process.
Process descriptions are usually several pages long, and include several sections
(Fig. 4.18).

The process description document nearly always contains a process flow diagram.
This may be in any one of several formats. There could be a simple flow diagram
showing the main activities. Alternatively, there could be a table listing the name of
each activity in the process, its input and output, the participants, any special methods
used, etc. Another possibility is a basic swimlane diagram showing roles, activities
and documents. Sometimes amore complete swimlane diagram is provided, showing
roles, activities, documents and a lane for data management.

4.2.6.6 Process Steps

The process description document usually shows the main steps in the process. For
example, the Product Complaint Process, the process to handle complaints made by
customers about the company’s products, could contain eleven steps (Fig. 4.19).

The list of steps in the complaint process shows some of the tasks that may be
in the process. It also raises questions that will need to be addressed during process
design and description. For example “is the process different for different levels of

1 the customer fills in the Complaint Form and sends it back to the manufacturer with the defective product 
2 the company’s Quality Department receives the Complaint Form and the product  
3 the Quality Department carries out an initial review of the form and the product
4 the Quality Dept. determines required next steps, creates an investigation plan, and launches next steps
5 the Production Department receives the Complaint Form and samples 
6 the Production Dept. carries out a review, and decides if the problem is Production-related
7 the Production Dept. sends the Complaint Form and samples to the R&D Department
8 the R&D Department carries out a review and identifies the root cause 
9 the R&D Department informs Customer Service

10 the Customer Service Department sends a reply to the customer
11 the customer receives the reply, is satisfied with it, .... and continues to buy the company's products 

Fig. 4.19 Some steps of a product complaint process
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defect severity?” Other questions will be asked. “How much time do we have to
respond to the customer? “If this is a known problem, do we need to identify the root
cause again?” “For what types of complaint dowe need to involve topmanagement?”

4.2.6.7 Use Case, Use Case Description

Another type of activity documentation is a Use Case Description.
A Use Case describes, from the user viewpoint, the interaction between a user

of a system and the system. It can be used during system design to show expected
behaviour and clarify user requirements.

As an example, a Use Case could describe the login to a system. The first lines of
a first draft might look like Fig. 4.20.

Some people may wonder why such details are needed. The reason is that unless
they are documented and agreed, the user requirements are unlikely to be met. The
user may have one set of activities in their mind. The system developer may have
another set of activities in their mind. It’s only by documenting the interaction, and
discussing it, that the user and the system developer can be sure they have the same
picture.

A standard format is often used for a Use Case Description (Fig. 4.21). This
format helps to make sure that the description is complete. And it makes it easier
to write, communicate and agree about Use Cases. The required information often
includes information such as Use Case Name; Use Case Purpose; Actors (such as

the system user starts the application
the application requests a user name and a password
the user enters a user name and a password
the system validates the user name and password, and presents the initial screen 

Fig. 4.20 First lines of a first draft of a Use Case

Fig. 4.21 Use Case
description Use Case Number: 

Use Case Name:
Version:
Description:
Purpose:
Actors:

<Actor 1>
<Actor 2>

Assumptions:
Pre-conditions:
Normal Flow of Events:

<Step 1>
<Step 2>
<Step 3>
<Step 4>

Post-conditions: 
Alternative Flow: 

<Step 1>
<Step 2>
<Step 3>

Special conditions: 
Notes:  
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document author, document approver); preconditions/Initial State/Start Conditions
of the Use Case; Use Case Steps; the End State/Post-Conditions of the Use Case;
and exceptions or variants.

The four lines of Use Case (Fig. 4.20) describe how the system validates the user
name and password, and presents the initial screen. Hopefully that would be the
Normal Flow of Events. But it’s also possible that the system can’t find the user
name and/or password, or considers the password to be invalid. For that case, an
Alternative Flow needs to be documented.

Many Use Cases are needed to define the scope of a complete system.

4.2.6.8 Use Case Diagram

A Use Case Diagram is one of the three Unified Modelling Language (UML)
behaviour diagrams.

UML is a commonly used modelling language. It’s described in ISO/IEC
19501:2005.

A Use Case Diagram (Fig. 4.22) brings together several Use Cases. It describes
graphically the interaction between a user of a system and the system. The users, the
“actors”, are represented by matchstick people. A Use Case is shown in an oval.

Sometimes, as in Fig. 4.22, a Use Case Diagram shows the actors outside the
system. Sometimes, as in Fig. 4.23, a Use Case Diagram shows the system as an
actor.

Use Cases are needed inmany areas (Fig. 4.24) to describe the detailed interaction
between an application and a user.

Request 
Proposal

Receive 
Request

Prepare 
Proposal

Present 
Proposal

Proposal Management System

Customer

Salesperson

Product Manager

Fig. 4.22 A Use Case diagram for a proposal
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Fig. 4.23 A Use Case diagram for a library

start-up of session create an ECR import assembly data create PDF of released document
authentication integration with ERP export assembly data publish documents to intranet
data input check data handover to customer deviation reporting archive a product structure 

Fig. 4.24 Examples of subjects for Use Cases

4.2.6.9 Creation of Workflows

A Use Case can be used as a basis for building a workflow.
A workflow is a small set of connected actions that are frequently carried out to

accomplish a particular goal, and have been automated in a particular application.
An example is a workflow for document creation. Other examples are application
workflows for document approval and for document change.

There are clearly defined steps and roles in a workflow. Activities are carried
out, in a predefined order, using predefined documents, by the people in those roles
working according to predefined rules.

A workflow overcomes some of the difficulties of carrying out a set of actions
in a purely paper-based environment (Fig. 4.25). Consistency is achieved through
predefined rules, procedures, roles, documents and data types. Progress is easier to
track. An audit trail of actions can be automatically created.

ensure the required activities are executed support initiatives to comply with regulations improve effectiveness 
take advantage of new technologies improve coordination between workflow participants reduce costs
provide task details to participants enable the participation of a broader range of functions ensure the order of activities

Fig. 4.25 Some benefits of workflows
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poor user interface no link to the company’s e-mail system no intelligence, automates process errors
missing workflow functionality small variations in tasks arenít handled limited workflow version management functionality
translation errors unable to assign tasks to roles overload of unimportant and irrelevant notifications

Fig. 4.26 Potential pitfalls with workflows

average cost of changes percentage of approved changes not implemented
average cost ($) for a Fast Track change average time (days) taken to approve an ECR
number of changes per product family average time to execute the process

Fig. 4.27 Some KPIs for business processes

There’s frequently confusion between “processes” and “workflows” when dis-
cussing PLM. A business process is an organised set of high-level activities, with
clearly defined inputs and outputs, that creates business value. A workflow is the
automation of a few low-level tasks. Although a workflow only contains a few tasks,
it can be difficult to implement without running into pitfalls (Fig. 4.26).

4.2.7 KPIs for Business Processes

A Key Performance Indicator (KPI), or metric, is a quantifiable attribute of an entity
or activity that helps describe its performance (Fig. 4.27). It’s something that can be
measured to help manage and improve the activity.

KPIs help a company to set targets for its business processes and to measure the
progress that it’s making. For each metric, there’s a current value and there can be
target values for the future.

4.2.8 The Importance of Business Processes in PLM

4.2.8.1 A Company Is Its Processes

Business processes are “what a company does”. Processes are important. The com-
pany has a choice. It can put in place good processes, and do the right things well.
Or it can do things badly. A lot of the processes in a company are product-related.
In many companies, between 35 and 55% of the company’s processes are product-
related. They’re in the scope of PLM.
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4.2.8.2 Revenues Result from Processes

The product is the source of company revenues. The product that the customer will
eventually use is designed and manufactured by the activities of the business pro-
cesses. This means that the quality and cost of the product are functions of the pro-
cesses. And, the elapsed time between the first idea for a product, and themoment that
the first customer receives the product, depends on the efficiency and effectiveness
of the processes.

4.2.8.3 Waste Results from Processes

Disjunctures, superfluous steps, and inefficient activities in business processes all
contribute to unnecessarily extending lead times, increasing costs and reducing qual-
ity.

4.2.8.4 The Process Is What People Do

The activities and tasks that are executed by people fit into a business process. If you
want people to work the “right” way, you need to define it in a business process. If
you don’t define how they should work, they may work the wrong way.

Examining the tasks in the processes reveals the skills that people will need. Once
the required skills are known, hiring and training activities can be launched to develop
these skills in the company.

4.2.8.5 Automation

Examining a process can result in seeing possibilities for applications and workflows
to help people do the work.

4.2.8.6 Understanding and Improvement

Unless processes are understood, there’s no way of improving them, no way of
improving “how the company works”.

4.2.8.7 Brother and Sister: Product Data and Business Process

The data that is input to business processes in the scope of PLM is product data.
The data that is output from business processes in the scope of PLM is product data.
Without knowing the processes, the requirements of/from product data would not be
known.
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4.2.8.8 Process-Related Targets of a PLM Initiative

The targets of a PLM Initiative may be parameters of business processes. The objec-
tives of a PLM Initiative may be related to the output of a process (e.g. number of
new products per year). The objectives of a PLM Initiative may be related to a KPI
of a process (e.g. Time to Market).

4.3 Process Reality in a Typical Company

4.3.1 Generic Issues with Business Processes

In a typical company, there will usually be many issues with processes in the PLM
environment. The issues fall into several groups (Fig. 4.28).

4.3.1.1 Name and Scope

One of the issues with business processes in the PLM environment is that there are no
standard, “off-the-shelf” business processes. Each company has to develop its own
processes. It chooses its own names for these processes, and fixes their scope. As a
result, the many product-related activities and processes across the product lifecycle
are given widely different names in different industries and different companies
(Fig. 4.29).

A process may even be given several names in the same company. One person in
the company may call a process Product Improvement, another may call it Product
Upgrade.Othersmaycall it theModificationprocess, or theProductRenewal process.
This can lead to confusion. If people aren’t sure about what they’re doing, or should
do, they won’t work as effectively as possible. As all these people are from the same
company, they are actually referring to the same process. When they work together,
they work in the same process, whatever its name. However, sometimes they may
need to work with someone from a partner company. Then, for example, the person

Naming Change, Version Performance, Improvement 

Purpose, Scope Definition Ownership, Training

Architecture, Structure Value-adding, Lean Representations, Model, Map

Fig. 4.28 Groups of issues with business processes

Product Maintenance Product Modification Product Upgrade
Product Renewal Product Support Product Improvement

Fig. 4.29 Many similar names and scopes
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from the company who refers to this process as the Product Improvement Process
may meet someone from the partner company who also refers to a process called
the Product Improvement Process within their company. They may agree that they
will work together, with one of the companies doing the first half of the process, and
the other company doing the second half. This could lead to problems if this process
has been defined differently in the two companies. In one company, for example, the
process could include the collection of ideas generated by customers and by people in
the company. In the second company, the idea collection activity could be in another
business process, for example in the Idea Management process.

4.3.1.2 Development

It’s not easy to develop effective but lean business processes. Unless a company
invests a lot of time and effort, its processes may be poorly defined, and poorly
documented.

Many processes are cross-functional. But it’s often difficult, when developing
a process, to get away from a departmental focus. A process developer from one
department will tend to include everything needed by their department, and ignore
the needs of other departments. They may add extra steps (and cost and time) to
address a specific activity that interests them, even though it may rarely be needed
in practice.

Process developers may focus on developing one process, and ignore its interac-
tions with other processes. In the process that they are developing, they may include
activities that are already in other processes. This can lead to redundant effort across
the company.

To develop and document the process quickly, developers may use the words they
are familiar with, their jargon. However, that will make it more difficult for other
people to understand what’s happening. And busy business process developers may
not have time to define the purpose of the process clearly, or its scope, or even make
sure that it has an owner.

4.3.1.3 Changes

As time passes, and the environment evolves, business processes will change, result-
ing in several versions of the same process. But there may be no version management
system for processes. As a result, confusion may arise as some people start to work
with a new version of the process, while others continue to work with the old version.

It’s easy to forget, when developing processes, that the business environment is
changing all the time, and processes will need to change. It’s important to be flexible
when working with business processes and process models. They need to able to
change to take account of these changes.

Without constant attention, business processes become increasingly slow and
bureaucratic. There’s always someone who wants to add in extra steps, “just to be
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sure”. There’s rarely anyone willing to take the risk of slimming the process down.
There’s always a danger of perhaps removing something that’s really important. The
result is that the processes take longer to execute than needed. They suffer from low
quality, poor communications, a lack of management understanding, and a lack of
structure.

4.3.1.4 Management

Unless business processes are managed, they will become less effective. Many issues
may arise (Fig. 4.30). There may be several causes for these issues (Fig. 4.31).

Duplication or overlap of activities between different business processes may be
unintentionally introduced. Process interfacesmaybe unclear, or overlap.Boundaries
between processes may be unclear. Process ownershipmay not be clearly defined. As
a result, perhaps nobody will feel responsible for monitoring or improving a process.
Alternatively, perhaps several people will feel authorised to modify it.

There may be no metrics for some processes. In other cases, people may measure
too much, or measure the wrong things. Or the same thing may be measured differ-
ently in different parts of the company. There may be no training about processes. Or
training may not be sufficiently detailed or relevant. There may be no management
commitment to ensure that processes are followed. There may be no management
system to ensure that processes are continually improved.

4.3.2 Interaction with Other Activities

No business process is an island isolated from the rest of the company. Every process
is related to all the other PLM components. A change to a process can lead to changes
inmany other components. Business processes shouldn’t be addressed independently
of other components of the PLMenvironment. For example, to improve performance,
two business processes may be merged into one. In the future process, only one
document may be needed instead of two. The process documentation will need to

execution time too long unclear roles and responsibilities lack of visibility of progress
activities that don't add value duplication of activities between processes duplication of activities in a process 
gaps between processes border issues between processes incorrect performance reporting

Fig. 4.30 Typical issues with processes

too much time spent on mapping as-is too few resources available to do the activities in the process
not enough time spent modelling to-be activities added to the process without reviewing the impact
process developers weren’t trained conflicting KPIs made people behave the wrong way
the process wasn’t clearly defined documentation out-of-date, people were too busy to update it
the process was badly automated only Quality experts were involved in process definition, not users 

Fig. 4.31 Possible causes of the issues



126 4 PLM and Business Processes

be changed, and people will need to be trained on the new process and documents.
The fields in the documents will be changed, and a new template developed. There
will be changes to the application creating the document. There will be changes to
the application managing the document. A performance indicator may need to be
changed if it was previously based on an activity or entity in one of the two merged
processes. The company’s Quality Manual will be updated to show the new process.

In this example, a simple change to a process has affected four other components
of PLM. More complex changes can have an even wider impact.

4.3.3 Interaction with Company Initiatives

Company Initiatives address many subjects. Many of these will be far away from
business processes in the PLM environment. However, some could have significant
overlap. Examples include Business Process Management, Business Process Re-
engineering, Concurrent Engineering, Innovation Management, Digitalisation, Dig-
ital Transformation, Lean Engineering and Production, Lean Enterprise, Six Sigma
and Total Quality Management.

Most companies have several initiatives running. Each of these has its own man-
ager, is focused on its own process activities and success, and tends to see other
initiatives as competitors. It’s likely that the managers of some of these initiatives
will see the PLMInitiative as a competitor for resources and for a successful outcome.
To avoid problems in the PLM Initiative, it’s useful to identify the other initiatives
and find out which initiatives may be supportive of PLM and which will not. And
then work out how to work effectively with all of them.

4.3.4 Generic Challenges with Business Processes

The specific process-related challenges that a particular company faces could be of
various types (Fig. 4.32).

product development is too slow waiting for information to be reformatted
the exact status of product upgrade projects is not known waiting for missing information to be created
engineering change process takes too long lack of support for execution of processes
time is lost in processes waiting for information lack of knowledge about processes
superfluous tasks, adding no value, are carried out duplication of processes
old processes that can now be executed better overlap of a process with other processes
steps that are no longer required steps in a process that create rework

Fig. 4.32 Potential process-related challenges for a company
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4.3.5 A Generic Vision for Business Processes in PLM

In a PLM Initiative, many companies will want to develop a PLM Vision, a view of
their future PLM environment. Most companies work with Visions that are looking
five years ahead. In my experience, these visions will be fairly similar, so a generic
Vision can be very useful.

My experiencewithVisions startedwith amulti-client study that developed a com-
monVision for twenty companies. The initial idea came after a Corporate Vice Presi-
dent of a Fortune 50 corporation askedme howmuch it would cost to develop aVision
of the future Engineering Environment. He told me that he was tired of his engineer-
ing managers implementing short-term uncoordinated improvement projects that led
to no measurable impact. He said he was looking for the Big Picture towards which
all companies in his corporation could work over a 5-year period. My estimate of
nearly $500,000 to develop the Vision seemed slightly too high for him, but the sub-
ject seemed a promising one. I turned to my friend Chris Horrocks, then of Coopers
& Lybrand, Boston, to see if we could carry out a multi-client study on the subject.
Eventually, we found twenty companies willing to participate. Although they were
in different industries and made all sorts of products (including soft drinks, rockets,
helicopters, cameras, computers, cars, and trucks) our discussions with them were
surprisingly similar. Obviously, there were differences between different industries,
particularly where there were strong regulatory forces, but there was more similarity
than difference. The study took about 6months to complete, after whichwe presented
a common Vision.

With the Vision delivered, some of the participants asked what we would offer
them next. They wanted to know how they could achieve the Vision. We proposed an
Engineering Strategy multi-client study. This also had about 20 participants. Some
of these had participated in the Engineering Vision study. Others, including a utility,
hadn’t.Whereas we’d found that it was possible to create a common vision, we found
it was more difficult to build a common Strategy. Although all the participants could
aim for a common Vision, they were starting from different positions, and we had
to take that into account. With the Strategy delivered, some of the participants asked
what we would offer them next. Could we develop the Engineering Plan? Well,
no. Whereas the Vision was common, and the Strategy had some commonality,
we couldn’t develop a common Plan as a multi-client effort. There wasn’t enough
commonality between the participants.

A complete PLM Vision addresses all of the components of the PLM Grid
(Fig. 4.1). Often the Vision for business processes will be described alongside that
for another component, the product lifecycle. Some typical parts of a PLM Vision
for business processes and the product lifecycle are described below, grouped in ten
main sections.
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4.3.5.1 Phases of the Product Lifecycle

Our product lifecycle is defined as having five phases: ideation; definition; reali-
sation; support; retirement. It’s recognised that, for users of the product, there are
also five phases in the product’s lifecycle: ideation; definition; realisation; use (or
operation); disposal (or recycling).

4.3.5.2 Management of the Product Lifecycle

The Product Lifecycle Owner has responsibility for defining and maintaining an
effective product lifecycle, including the definition of the details of the lifecycle
structure. There’s a document describing the lifecycle structure.

4.3.5.3 Lifecycle Design and Analysis

Lifecycle design and analysiswill play an increasing role in the lifecycles of our prod-
ucts. All issues related to a product’s life will be considered at the outset, including
those involving the product once its useful life is over. Lifecycle analysis will be
carried out over the complete cradle-to-grave lifecycle including analysis of use of
raw materials, production methods and usage/disposal patterns.

4.3.5.4 Lifecycle Modelling

The product lifecycle will be modelled and analysed to identify where most value
can be added, and where waste can be reduced. Opportunities will be found in the
early phases of the lifecycle to increase the speed of generating ideas, translating
them into products, launching new products, and generating revenues and profits.
Opportunities will be found in the midlife phases of the lifecycle to ensure sales
of a product are as high as possible, for example by extending the life of patents,
and protecting the customer base against competitors. Opportunities will be found
at the end-of-life phases of the lifecycle to increase sales with upgrades, or to exit
the market graciously with product retirement, licensing or sale.

4.3.5.5 Process Definition and Automation

Clearly defined, coherent, well-organised business processes across the product life-
cycle lie at the heart of effective PLM. Our business processes will be waste-free and
low-cost. They’ll enable concurrent involvement by people in different functions and
locations. They’ll be well-documented. Otherwise, it would be difficult for every-
one to understand them. And it would be difficult to improve them further. The key
roles in the processes will be identified and described, along with the corresponding
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task and information characteristics. People in many different companies working
in different places round the world may take these roles. Hundreds of people may
be directly involved in these tasks. The process needs to be explained to them, with
regular refreshment. To avoid confusion, the message needs to be very clear.

A clear, standard business process architecture will enable coherent working
across the product lifecycle. There’s a document describing the business process
architecture. A common harmonised version of each process in the product lifecycle
will be used on all sites. Each process is documented.

Relationships between the business processes in each phase of the product life-
cycle will be defined. Relationships between the processes in different phases of
the product lifecycle will be defined. Relationships between processes in the area
of Product Lifecycle Management, and those in other areas such as Supply Chain
Management and Customer RelationshipManagement, will be defined.When possi-
ble, process steps will be automated in workflows. The workflows will be consistent
with the process definitions.When possible, appropriate methodologies and working
techniques will be defined for each process step.

4.3.5.6 Standard Lifecycle Processes

The company will define standard business processes, standard product data and
standard PLM applications. The company, and its suppliers, customers, and partners
in the extended enterprise, will use these standards to save time and money. Without
such standards, each interface between different processes and applications would
be a source of chaos, would add costs, and would slow down the lifecycle activities.

4.3.5.7 Standard Lifecycle Methodologies

Without a standard product development and support methodology, it’s unlikely that
people are going to be able to work in harmony across the lifecycle. A well-defined
methodology lets everybody know exactly what’s happening at all times, and tells
them what they should be doing. It defines the major lifecycle phases and explains
what has to be done in each phase. It shows how the phases fit with the company
organisation and structure. It shows the objectives and deliverables at the end of each
phase, and the way that phases connect together. It shows which business processes,
applications and methods apply at which time in each phase. It shows the human
resources that are needed, identifying the type of people, skills, knowledge, and
organisation. It shows the role and responsibilities of each individual and the role
of teams. It shows the role of management, project managers, functional reviewers
and approvers. It describes the major management milestones and commitments. It
describes the Key Performance Indicators used in the business processes.
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4.3.5.8 Mandatory Compliance

PLM supports our activities to meet mandatory compliance requirements of inter-
national and industry regulations in areas such as health, safety and environment.
It helps maintain documentation in required formats, and provides an audit trail
showing actions taken. There’s a document describing the compliance requirements.

4.3.5.9 Voluntary Conformity

PLM allows the company to do more than just comply with regulations and laws. It
allows us to go further, and demonstrate our beliefs in the importance of the environ-
ment, social justice, health, education and sustainable development. PLM enables
voluntary compliance with recommended practices and guidelines in these areas.
PLM enables us to act responsibly and address the effect of policies for sustainable
production and consumption of existing and new products. Voluntary conformity can
improve financial performance. Sustainable development and environmental needs
represent major business opportunities for faster growth and profitability through
improved current products and services, and innovation of new products and ser-
vices. PLM lets us take advantage of voluntary self-regulation initiatives and use
them to build new markets.

4.3.5.10 Progress with Lifecycle and Process

Targets are needed to measure the success of PLM deployment. The “report” in
Fig. 4.33 might be written five years after the PLM Initiative is started.

4.4 Business Process Activities in the PLM Initiative

A PLM Initiative takes a company from its current PLM situation to a desired future
PLM situation (Fig. 4.34).

The lifecycle architecture was defined and applied. A lifecycle-wide business process architecture has 
been defined and applied.  The number of different, site-specific, variants of what should be the same 
business process has been reduced by 50%. The target is to implement a common harmonised version of 
each business process in the product lifecycle across all sites. There’s a common harmonised Engineering 
Change Management process.  

The number of process steps that has been automated in workflows has been increased by a factor of 
four. There’s still a long way to go. Initially, different sites had very different business processes and 
applications. A lot of harmonisation was needed before it made sense to introduce automated workflows. 
After reviewing quality problems, feedback processes were defined and introduced to ensure effective 
feedback of information from product users to product developers. Business processes have been 
reviewed and upgraded with activity steps that ensure and demonstrate compliance with regulations. 

Fig. 4.33 Reporting progress with business processes and the product lifecycle
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Fig. 4.34 Current and future PLM situations

4.4.1 Projects Related to Business Processes

In most PLM Initiatives, there are many projects addressing business processes.
Some examples are shown in Fig. 4.35. Depending on the Initiative, some of these
projects may run independently. Somemay run in parallel, or overlap. Others may be
linked to Initiative projects related to product data, PLM applications and/or change
management.

Projects addressing business processes are usually cross-functional and include
people from across the product lifecycle. However, people coming from different
backgroundsmay have very different understandings of the terms used in the business
process environment. So it’s helpful to develop a glossary that gives short definitions
of the various terms used in business process management. This will help everyone
to understand the terms being used. It should lead to a common understanding of the
subjects to be addressed.

Similarly, some of the people in the project may know little about business pro-
cesses. Many of the members of the team may never have participated in activities
addressing business processes. It may be difficult for them to know how best to plan
their activities and go about their work. As a result, some training about business
processes and business process improvement will be useful.

develop the business process strategy improve business processes coach Process Owners 
provide Business Process training develop a Process Glossary define process KPIs 

plan activities related to business processes define Use Cases map the current process 
develop the business process architecture create Workflows  model the future process 

Fig. 4.35 Examples of projects related to business processes
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reduce costs of process execution improve the quality of input data streamline the process 
ensure conformance to regulations harmonise processes across sites reduce process execution time 
improve visibility into processes increase parallelisation of activities reduce waiting time 
increase control over key processes apply a common change process remove bottlenecks  
improve the quality of a process Increase throughput remove multiple sign-offs 

Fig. 4.36 Targets for business process improvement

take a structured approach to process improvement hire experienced Subject Matter Experts as consultants  
focus on adding value for the company's products involve lifecycle participants 
prepare to manage organisational change provide training and coaching 
get and maintain management commitment  select a process champion 
measure process performance map the existing processes 
benchmark with companies with similar processes model the future process 
define the business objective demonstrate expected business benefits 
define the business process before buying software reward, reinforce, continuously improve 
involve management be patient 

Fig. 4.37 Success factors for business process improvement

4.4.2 Business Process Improvement

There are many reasons why a company may have started a project to improve a
business process, or want to start such a project. As a result, there may be several
targets for process improvement (Fig. 4.36).

Without constant attention, business processes become slow and bureaucratic. For
various reasons, extra tasks and documents are included, just to be sure. And, as the
business changes, other additions are made to the process, leading to duplication
or overlap of activities with other processes. As time passes, and the environment
evolves, yet more new tasks are added to handle the new situation. Extra tasks are
added to reduce problem areas in the process. The end result is that the process takes
longer to execute than it should.

Projects to improve business processes may run as part of a PLM Initiative or
independently. In either case, they are likely to be challenging. Many people work in
the business processes. Any changes are likely to upset some of them. Some success
factors for projects to improve business processes are shown in Fig. 4.37.

4.4.3 Business Process Mapping and Modelling

In most PLM Initiatives there will be a project to model the business processes. Busi-
ness process mapping and modelling can be carried out for many reasons (Fig. 4.38).

to define a business process to make a process compliant as a basis for software selection 
to document a process to clarify the documents used in the process to lay the ground for workflows 
to improve a business process to keep pace with the changing world as a basis for automation 

Fig. 4.38 Some reasons for business process mapping
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define the business process to be mapped define which symbols will be used  
define the objectives and owner of the process define the mapping/modelling team, involving users 
define the scope and boundaries of the process identify any needs for process mapping training 
define the triggers at the beginning of the process carry out training as required 
define the outputs at the end of the process carry out the actual process mapping/modelling activity 
define the roles in the process keep copies of all documents used in the process 
define the levels of the process that will be mapped review and revise the maps/models 

Fig. 4.39 Guidelines for process mapping and modelling

a process map is a good sharable description of a process process mapping allows many people in the process to be involved 
process maps are good communication tools process mapping can be adapted to different circumstances 
a process map is easy to understand a process map allows improvement opportunities to be positioned 
process maps can be used for training process maps can be used to meet compliance requirements 

Fig. 4.40 Advantages of process mapping

However, there is often similarity between modelling projects in one company and
those in other companies. For example, there may be a similar need to document
processes. Similar process mapping tools may be used. Similar business processes
may be addressed. Similar performance improvementsmay be targeted. Similar auto-
mated workflows may be possible.

Due to the similarities, it’s possible, from experience, to identify some guidelines
for business process mapping and modelling (Fig. 4.39).

A business processmap is a very good basis for getting everyone to understand the
process being addressed. It’s also an excellent starting point for improving a process.
And, there are many other advantages to mapping business processes (Fig. 4.40).

Often it’s not necessary to start the mapping activity from scratch. Many com-
panies will have already defined their business process architecture. Process maps
will be available. They can be a good starting point for further documenting the
processes. Sometimes a company will have carried out value stream mapping. Value
stream maps can also be a good starting point for documenting business processes.

4.4.4 The ECM Business Process

The Engineering Change Management (ECM) process is a good example of a busi-
ness process in the PLM environment. All companies have this business process. It
allows a product to be changed in a controlled way. Whatever its name in a particular
company, it’s very likely that it will be addressed in the PLM Initiative. So it’s useful
to know something about it.

4.4.4.1 Process Name(s)

Like most business processes in the PLM environment, the Engineering Change
Management process comes with its own jargon and acronyms. Among the most
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Change Management Engineering Change Management Change Control 
Product Change Management Document Change Management Product Change 

Fig. 4.41 Similar names for the process

frequently encountered are: Engineering Change (EC); Engineering Change Board
(ECB); EngineeringChangeCommittee (ECC); EngineeringChangeControl (ECC);
Engineering ChangeManagement (ECM); Engineering Change Notification (ECN);
Engineering Change Notice (ECN); Engineering Change Order (ECO); Engineering
Change Proposal (ECP); Engineering Change Package (ECP); Engineering Change
Request (ECR).

This process is given different names in different companies (Fig. 4.41). Some
people prefer to refer to it as the Product Change process rather than the Engineering
Change process. That leads to another 10 names and acronyms. Others refer to it
as the Document Change process rather than the Engineering Change process. That
leads to another 10 names and acronyms. Other people call it the Enterprise Change
process. And some refer to it as the Electronic Change process. The two latter options
lead to additional confusion as the acronymECcan then refer to EngineeringChange,
Enterprise Change or Electronic Change.

4.4.4.2 No Standard Process

It would be great if therewas an internationally standardECMprocess that a company
could use. Unfortunately, this doesn’t exist. Each company has to “roll its own”.
However, they can look for guidance in documents such as

• ISO 9001:2008, “Quality management systems—Requirements”.
• ISO 10007, “Quality management systems—Guidelines for configuration man-
agement”.

Section 7.3.7 of ISO 9001 addresses “Control of design and development
changes”. It states, “Design and development changes shall be identified and records
maintained. The changes shall be reviewed, verified and validated, as appropriate,
and approved before implementation. The review of design and development changes
shall include evaluation of the effect of the changes on constituent parts and product
already delivered. Records of the results of the review of changes and any necessary
actions shall be maintained.”.

Section 5.4.1 of ISO 10007 addresses Change control. It begins with “After the
initial release of product configuration information, all changes should be controlled.
The potential impact of a change, customer requirements and the configuration base-
line will affect the degree of control needed to process a proposed change or con-
cession. The process for controlling the change should be documented, and should
include the following:”.
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4.4.4.3 Purpose

The purpose of the ECMprocess is clear.Whenever a company creates a product, that
product has to be defined. And its definition will need to be kept up to date as changes
take place. In some environments, such as high-tech environments, where initial
product designs are often continuously evolving prototypes, changes to a product can
occur frequently. They also occur in other environments due to technological changes,
changes in consumer demand, and fluctuations in the availability of components and
raw materials. Engineering Change Management ensures that changes are clearly
defined, documented and controlled throughout the product lifecycle.

The company’s products and processes, and their descriptions, are the main
focus of Engineering Changes. In most companies, there are many products, main
assemblies, sub-assemblies, components, parts, raw materials, processes and sub-
processes, product data and documents, process data and documents. And every day,
some of them need to be changed. There’s a lot to keep under control.

4.4.4.4 Objective

The ECM process provides an orderly approach for evolving the definition of a prod-
uct. It provides flexibilitywithout compromising careful control of themanufacturing
process. It ensures that product evolution occurs smoothly and with proper authorisa-
tion. ECRs and ECOs allow changes to be managed efficiently without interrupting
the production of existing products. Engineering Changes allow product and process
information such as models, drawings, BOMs and NC programs to be updated and
activated according to a clearly defined and agreed schedule.

Effective Engineering Change Management eliminates problems that could arise
from people not using the latest version of a document. Getting everyone to follow
a formal change procedure eliminates problems caused by unauthorised changes to
documents. It reduces risk by ensuring that the appropriate people know of changes,
and receive up to date and complete information. It gives full traceability of all
documentation and relationships.

4.4.4.5 Need for Change

Everybody needs good Engineering Change Management. Everyone wants the cur-
rent version of data. Order Processing requires accurate versions of product data and
release status. Planners need to phase out old versions while phasing in new releases.
Development engineers need to know how to meld their changes with other changes
tomaintain consistent designs.Manufacturing needs accurate and timely information
about all changes past, present and planned. Customer Service has to communicate
product improvements to customers.
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Change Source Potential Reason for Change 

Customers have problems with existing products, and have new requirements 
Design Engineers always want to improve functionality 
Software Engineers always need to fix bugs 
Purchasing Department always wants to use new suppliers with better offerings 
Standardisation Group wants to reduce the number of parts used in the company’s products 
Marketing and Sales always want many new and modified products 
Production always wants to improve its machines and their utilisation 
Suppliers always propose changes to the way they contribute 
Installation Engineers always give input on what is really important in the Field 
Customer Service collects application problems and expects quick fixes 
Manufacturing Engineers always want to reduce costs 
Regulatory Authorities always change their rules 

Fig. 4.42 Examples of Engineering Change sources and reasons

It’s not easy . . . . 

to make changes, yet be sure everyone is working with the latest set of documents 
to allow changes to occur, yet be sure the information is up-to-date and easy to find 
to keep a geographically dispersed team up-to-date with changing specifications  
to inform off-site team members instantly of changes 
to manage changes to off-line and paper documents 
to do change-impact analysis as far down as tooling and manufacturing process costs 
to link changes to databases for instant updating 
to drive down review and approval cycle times 
to monitor change approval and implementation progress 
to know the exact status of all change orders 
to minimise change cycle time, cost and effort 
to track a large volume of changes 
to manage and control product revisions 
to manage ‘as designed’ versus ‘as changed’ 
to find out about planned changes when previous changes are still pending 
with so many changes, and changes to changes, to find the history of past changes 

Fig. 4.43 Some reasons why it’s difficult to manage Engineering Changes

4.4.4.6 Sources and Reasons for Change

There are many potential sources and reasons for Engineering Changes (Fig. 4.42).
But it’s not easy to manage changes (Fig. 4.43).

4.4.4.7 The Risk of Uncontrolled Change

In theory, Engineering Change Management keeps everything under control. But, in
practice, unless the process works perfectly, problems will arise. A market window
may be missed because a communication error in the Engineering Change process
delayed the product. When ECOs are hand-written and distributed by hand, it can
be difficult to read them, and sometimes they just get lost. If there are long loops in
the process, they create problems with dates, costs and quality every time they cross
an organisational interface. Several different information sources, including paper,
may have to be accessed to gather the necessary information for the analysis. This
can make the whole EC process time-consuming and error-prone. Changing a Bill
Of Materials can be the worst, because it’s so difficult to represent the changes in
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customers unhappy because they received the wrong product, or a wrong release of it, or the 
wrong replacement part, or because of late delivery, especially when new products 
are launched 

managers unhappy with budget overrun, schedule overrun, lack of visibility of changes, and 
unintended side effects 

product developers unhappy to be overloaded with changes that use up most of their energy, and prevent 
them developing great new products 

Fig. 4.44 Some people who may be unhappy with poorly organised ECM

an accurate, consistent way. If much of the information has to be entered manually
in the ECR from upstream applications, and entered manually from the ECO into
downstream systems, many errors and problems can be introduced. All sorts of errors
can get into the ERP database, leading to production delays, wrong products, scrap
and lots of inventory. If a small change to a product specification is overlooked, and
doesn’t make it into a new revision of a drawing, the error may not be found until
after the first batch has been delivered. A poor engineering change process can lead
to customer dissatisfaction, production inefficiency and higher production costs.

4.4.4.8 The Danger

The result of the problems that can result from a poor ECMprocess is a lot of unhappy
people (Fig. 4.44). Innovation and new product development activities suffer. Time
is wasted, time runs out. Costs go up. Quality goes down. Changes are seen as a
nuisance and an interference that can lead to internal confusion, product recalls and
even worse, product liability actions.

4.4.4.9 The Future

Market trends are leading to Engineering Change Management becoming even
more necessary in the future. More locations will be involved. More people will
be involved. Key customers will request more and quicker changes to products.

As a result, it’s important to get the ECMprocess working as well as possible. The
results of an effective and efficient process will be numerous. Customer satisfaction
will increase as customers see their requests turned into new and improved prod-
ucts. Managers will have more time available for value-adding activities. Product
developers will be able to focus on innovation of new products. Cost reductions will
become effective sooner. Quality improvements will become effective sooner. Time
savings will allow everyone in the company to focus on what’s really important.
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create a change request, detailing items to be changed, and affected items carry out the changes 
detail the change request with a description, reason and change category track the changes through the process 
receive change requests every day from many source seitivitcallatnemucods  and resulting consequences 
screen the requests, and filter symptoms from root causes notify the changes 
evaluate the requests and the consequences of the change manage the change process 
decide what to do prepare a report 
request the selected changes to be made by various functions report change process metrics 

Fig. 4.45 Typical tasks in an ECM process

4.4.4.10 Typical Activities

Due to the differences between companies, it’s unlikely that any two companies will
have exactly the same ECM process. However, some of the tasks that make-up the
process may be similar (Fig. 4.45).

4.4.4.11 Different Numbers of Steps

A small company with a few people making simple $10 fashion products doesn’t
need the same change process as a companymaking $250M aircraft that are expected
to fly for fifty years. The ECM needs of different companies are very different. As a
result, companies carry out the Engineering Change activity in many different ways,
and with different numbers of steps. In the following examples, the number of steps
ranges from 3 to 19.

In some companies, the following three steps may be enough:

• Step 1. Draw a line through the old information, write in the new information, date
and sign.

• Step 2. Record the effective date for the change in the Change Book.
• Step 3. On the effective date, remove the old documents from Production, and
replace them with the modified documents.

In another company, the following nine steps might be needed: Prepare Change
Proposal; Approve Change Proposal; Authorise Impact Analysis; Prepare Impact
Analysis; Authorise Change Order; Prepare Change Order; Perform Sign-offs;
Approve Change Order; Notify Change Order.

Another company might have 21 steps (Fig. 4.46).

tcapmietagitsevni21mrofRCEehtnillif1
2 send the ECR to the Technical Services Department 13 schedule ECB Meeting with EC Chair 
3 assign a number to the ECR 14 review all aspects of the ECR 
4 send the ECR to the appropriate department 15 agree effective date 
5 review problem, identify causes, evaluate solutions,  16 sign the ECR 
6 propose effective date 17 send ECO to Technical Doc. Group 
7 send ECR to the Technical Documentation Group 18 update documentation 
8 ensure latest revision of all documentation is available 19 make copies 
9 make an ECR package 20 distribute copies 
10 send a copy of the ECR package to each ECB Member 21 file ECO 
11 review the proposed change 

Fig. 4.46 21 steps in an ECM process
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Fig. 4.47 ECM process map

Several conclusions can be drawn from the above examples. First, the process
followed in different companies can be very different. Second, a list of process steps
is not very clear. Third, the terminology (e.g. the meaning of ECO) is not clear.
Fourth, the alternative actions at decision points are unclear. Fifthly, the content of
the forms (e.g. the ECR form) is not defined.

A process map (Fig. 4.47) can be much more informative than a list of process
steps.

The map gives a better understanding of the process. However, some information
is still missing. For example, a process map doesn’t show the fields in the Problem
Report, ECR and ECN documents. The process map doesn’t show what type of
problems may take a Fast Track and which must follow the Full Track.

The process map doesn’t show the conditions under which this process is to be
applied. For example, some companies apply this process from the initial creation
of an artefact (e.g. a document), while others only apply it after initial release of the
artefact.

The process map doesn’t show the artefact that’s the subject of the change. Some
companies will show an artefact on the map, while other companies will show a link
to another process where the artefact is changed.

A process map gives a good overview, but not a complete description of the
process. A process will be used by a lot of people in a company. It needs to be
clear to all of them. A Process Description Document (Fig. 4.18) is required to make
everything completely crystal clear.
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New Product Development Product Innovation New Product Idea Product Creation 
New Product Commercialisation New Product Introduction Product Realisation New Product 

Fig. 4.48 Different names for the process

4.4.5 The NPD Business Process

Another process that’s likely to be addressed in the PLM Initiative is the NewProduct
Development (NPD) process. This is the process that gets a new product to market.
It’s good to know something about it, before trying to improve it.

4.4.5.1 Process Name(s)

Like most business processes in the PLM environment, the NPD process has its own
jargon and acronyms. There isn’t a standard name for the process, there are several
alternative names (Fig. 4.48).

4.4.5.2 No Standard Process

Just as there isn’t a standard name for this process, there isn’t a standard content. It
would be great if there was an internationally standard NPD process that a company
could use. Unfortunately, this doesn’t exist. Each company has to “roll its own”.
However, it can look for guidance in documents such as:

• ISO 9001:2008, “Quality management systems—Requirements”.
• ISO 13485:2003, “Medical devices—Quality management systems—Require-
ments for regulatory purposes”.

• CFR—Code of Federal Regulations Title 21 Food and Drugs …. Part 820 Quality
System Regulation.

From these documents, it will see some of the activities that it may need to include
in the process (Fig. 4.49).

determine product requirements design planning control development changes prepare for labelling 
review product requirements risk management control nonconforming product prepare for packaging 
development planning purchasing customer communication monitoring and measurement 
development review design corrective and preventive action use of equipment 
development verification plan production  prepare manufacturing tools inspection 
development validation testing plan service provision verify purchased product 

Fig. 4.49 Possible activities in this process
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4.4.5.3 Stage and Gate

Many companies use some form of stage and gate approach to NPD along the lines
described inRobert Cooper’s “Winning atNewProducts”. This approach offersmany
benefits (Fig. 4.50).

However, just as companies may use many different names for the same process,
they may use different names for Stages (Fig. 4.51).

Companies may also have different names for Gates (Fig. 4.52).
And sometimes, instead of a Gate, they may use a Control Point or Check Point

(Fig. 4.53).
Each company that we have worked with has had a slightly different stage and

gate approach. However, the underlying principle is always the same.
In the preparation phase of a stage and gate approach, the first thing that happens is

that the company defineswhich activities occur in each stage of a project. Sometimes,
the same definition is used for all projects, sometimes there are different definitions
for different types of project, for example, for large, medium and small projects. Each
activity is broken down into its constituent tasks (Fig. 4.54). Each task is detailed to
show who should do it, what methods they should use, and the deliverables resulting
from the task. Then the tasks are arranged in the order in which they should be carried
out. The gates are then positioned. The profiles of the required Gatekeepers at each
gate are described. The gate criteria are defined. These often include criteria such as
likely revenues, expected costs, expected time frame and launch date. For example,
it may be decided that a certain type of project will only be allowed to pass Gate 1
if expected revenues are greater than $100,000, costs are less than $50,000 and time
to project completion is less than 6 months.

a best practice, template-based approach for all projects 
all the activities and roles in a project are clearly defined 
projects are structured in several stages, not one huge chunk 
project information is progressively detailed and reviewed in each stage 
at each gate, management reviews the project (thus stays involved) 
at each gate, poor performers are stopped if they fail pre-defined criteria 
project portfolio reporting is simplified as all projects have the same structure 

Fig. 4.50 Some benefits of a Stage and Gate approach

Stage       
1  Assess Scope Explore Business Review Requirements 
2  Define Business Case Appraise Concept Design Design 
3  Develop Develop Develop Develop Implement 
4  Validate Test Produce Prototype Verify 
5  Commercialise Market Launch Deliver Product Launch Launch 

Fig. 4.51 Different names for Stages

Fig. 4.52 Different names
for Gates

Gate 0 Project launch decision Kick-Off 
Gate 1 Market/product screening decision Screening 
Gate 2 Concept/business case decision Business Case 
Gate 3 Development complete decision Production 
Gate 4 Product launch decision Pre-Commercialisation 
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S1G0Idea S2G1 S3G2 S4G3 S5G4 G5

S1G1Idea S2G2 S3G3 S4G4 S5G5 G6

CP1S1G0Idea S2G1 S3G2 S4G3 S5G4

CP2CP1S1Idea S2G1 S3G2 S4G3 S5G4

S1Idea S2G1 S3G2 S4G3 S5G4 G5

Fig. 4.53 Different structures of Stages, Gates and Control Points

define market segments investigate concept feasibility select production site identify concepts 
identify competitive products carry out design review identify potential suppliers identify competitors 
develop promotion materials estimate manufacturing cost perform make-buy analysis design tooling 

Fig. 4.54 Possible tasks in activities

In the execution phase, a project is started after amanagement reviewof the project
proposal at Gate 0. (The Gate 0 Gatekeepers decide, using the predefined criteria,
whether the project proposal should: proceed to Stage 1, be put on hold, be rejected.)

Thework in Stage 1 is carried out. At Gate 1, the Stage 1 deliverables are reviewed
bymanagement “Gatekeepers” to decidewhether the project should: proceed toStage
2; rework part or all of Stage 1; be put on hold; or be stopped. The decision is taken
using the predefined criteria.

4.4.5.4 Lessons Learned

A stage and gate approach supported by a PDM system often satisfies the require-
ments of several types of user. Managers get a clear overview of project progress,
while product developers are supported as they work with the details of their every-
day tasks. From the user point of view, the environment appears to be focused on
the particular project that they are working on. They can immediately go into the
Stage of the project that they’re working on, and see the current progress, ongoing
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tasks and data requirements. They also see the contributions of other members of the
project team, who may be from other functions or based on another site. Template
documents are available to help users. They can be guided to use particular tech-
niques (such as FMEA, QFD and risk management) at relevant times. The stage and
gate capabilities allow senior management to take an active and influential role in
determining project validity and continuation, using these capabilities as a go/no-go
decision-making tool at each gate.

4.4.6 The Portfolio Management Process

In some PLM Initiatives, there’ll be a sub-project to address Portfolio Management.
Because PLM aims to maximise the value of the portfolio, management of the port-
folio is one of the most important activities in PLM. From experience, most people
in a PLM Initiative know little about this process, so an introduction is useful.

4.4.6.1 Different Scopes

There is often confusion with this process because it has two main components, and
these are frequently addressed separately.

One of these components is management of the Portfolio and Pipeline of New
Product Development projects. This includes the activity of sequencing the set
of product opportunities available to a company for investment. It identifies the
sequence in which the corresponding product development, improvement and phase-
out projects should be carried out to provide most value. A typical output from this
component is a report showing the cumulative cost and value of development projects
(Fig. 4.55).

Another output is a Bubble Chart (Fig. 4.56) of projects from different product
lines showing the likelihood of success, the expected Net Present Value (NPV), and
the resource cost.

The other component of the Portfolio Management process is management of the
portfolio of existing products. This includes activities such as tracking the increasing
sales of high-performing products, understanding the return on specific products and
groups of products, and identifying underperforming products. A typical output of
this component shows the planned age distribution of products over time (Fig. 4.57).

Both of these components address a company’s products. One addresses planned
products, the other addresses existing products. There’s a lot of interaction between
them. For example, in a project to develop a new product, it’s important to know if
it will cannibalise sales of an existing product. However, before the emergence of
PLM, the two components were often treated separately, perhaps because they were
assigned to different departments.
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Fig. 4.57 Planned age of products over the next 7 years

4.4.6.2 Process Name(s)

With two components, it’s not surprising that there are several names in use for
this/these process(es). They include Portfolio Management, Project Portfolio Man-
agement, Product Portfolio Management, Program Portfolio Management, R&D
PortfolioManagement,NPDProject PortfolioManagement, Integrated Product Port-
folio Management and Integrated Portfolio Management.

4.4.6.3 NPD Project Portfolio Management

Many companies have hundreds or even thousands of new product development
projects running or planned. They want to be sure that their product development
resources are focused on the best set of projects. Another objective is to be able to
compare quantitatively the value of each project in the portfolio, so that decision-
makers have clear visibility of the situation and can make informed decisions.

Participants in a Portfolio Management process, such as Portfolio Managers and
Product Managers, usually have a very clear idea of what they want to achieve
(Fig. 4.58). For example, they want Portfolio Management to help them derive
new product strategies, enhance traditional risk/return calculations, and visualise
the result and return of different product-related projects. In global markets with,
on one hand, vendor consolidation, and on the other hand, many start-ups, they see

make informed decisions sequence potential product opportunities be sure projects are aligned with business objectives 
maximise portfolio value review the portfolio at least once a month focus development resources on best set of projects 
reduce project cycle times by 45% enhance traditional risk/return calculations visualise results of different product-related projects
help derive new product strategies know the best project set was selected visualise returns of different product-related projects
have clear visibility of the situation increase project completion rates by 30% compare the value of each project in the portfolio

Fig. 4.58 Some objectives of Project Portfolio Management
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difficult to compare different projects different managers using different types of business cases 
product development times of many years lack of consistency between methods used to value projects 
corporate objectives demand more for less projects eating resources that would be better used elsewhere 
too many projects relative to available resources product developers keeping projects alive after their kill date 
need to improve product development project ROI about half the projects cancelled before commercialisation 
difficult to identify relative priorities of projects developers not focused on projects creating business value 

Fig. 4.59 Reasons for introducing Project Portfolio Management

things changing fast. They know what reports they need, and they expect portfolio
reviews at least every month to keep up to date with the situation.

4.4.6.4 Similar Starting Point

There are many reasons (Fig. 4.59) why a company may want to improve portfolio
management. There may be a need to improve the overall return on the investment
in product development and improvement projects. There may be too many projects
relative to the available resources. As a result, projects are staffed with fractional
resources. There may be a lack of consistency between the evaluation methods used
to value different projects. Different managers may develop and use different types
of business cases, making it difficult to compare different projects and to identify the
relative priorities of projects.

4.4.6.5 Requirement

To improve the situation, a company may start a project to define, implement and
use a Portfolio Management process for all projects in the Portfolio. Selection and
use of a related application to support the process is often targeted.

Among the requirements for the Portfolio Management process (Fig. 4.60) may
be a need to track the value of the overall portfolio and of individual projects. Another
can be to enable understanding of the upper and lower limits of a project’s value.
This implies understanding the variables that can lead to different values. Another
requirement for the process can be a feedback loop to address non-conformance and
to derive more benefits in the future from real-life experience. Other requirements
include support for performance metrics. These include the Net Present Value (NPV)
of projects launched during a particular time period, cycle time and the number of
projects for which premature termination occurred.

eulavs’tcejorpafostimilrewoldnareppuehtdnatsrednusIPKroftroppusedivorp
track the value of individual projects derive more benefit in the future from real-life experience 
track the value of the overall portfolio encourage identification/understanding of project risks 
add a feedback loop to address non-conformance create standard reports giving executives useful information 
include tasks to give praise for good performance use templates as standard basis to compare projects 
include tasks with ways to learn from problems include decision criteria rules to “continue/kill projects” 

Fig. 4.60 Requirements for the Project Portfolio Management process
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project risk vs reward cumulative cost and value of projects portfolio alignment with strategic targets 
expected portfolio return planned completions per calendar year expected age of products over coming years 
planned source of future products risk mix of all projects in portfolio likelihood of project success compared to NPV 
planned future of current products mix of short, medium, long-term projects customer view of t innovation vs internal view 

Fig. 4.61 Typical reports for Project Portfolio Management

Another requirement can be the use of templates to provide a standard basis for
understanding, evaluating and comparing projects.

4.4.6.6 Reports

Often, there’s a requirement for the output of standard reports (Fig. 4.61) that give
executives information such as the degree of portfolio alignment with strategic tar-
gets, the expected portfolio return, themix of short-,medium- and long-termprojects,
project risk versus reward and the mix of risk across all projects in the portfolio.

4.4.6.7 Lessons Learned

Many lessons can be learned when implementing a Portfolio Management process
(Fig. 4.62). Good Portfolio Management requires top management involvement and
agreement, cross-functional involvement and enterprise-wide involvement. One of
the main benefits of Portfolio Management is to know that the best set of projects has
been selected. The Portfolio Management activity must be driven by a clear business
strategy. The Portfolio Management process must fit smoothly with other company
processes.

For the portfolio management process to be successful, the most important char-
acteristics of development projects must be identified. They must have the same
definition everywhere in the company. Otherwise, it won’t be possible to aggregate
projects. All projects should be in the same portfolio, although theymay aim to “grow
revenues” or “cut costs”. Projects of both types may use the same resources and lead
to a similar result. Projects need to be categorised. Otherwise, important projects can
get lost in the mass of less important projects. And, without categorisation, projects
with very different characteristics may be compared, leading to conclusions that
make no sense.

all projects must be categorised a need for enterprise-wide involvement 
the process must be driven by business strategy a top manager should own the process 
all projects should be in the same portfolio standard templates should be used wherever possible 
the process must fit with the company’s other processes processes to create high-quality data may not exist 
key characteristics of projects must be identified KPIs are needed to track portfolio and project progress 
all projects must have the same characteristics good portfolio decisions are based on high-quality data 
a need for management involvement and agreement a new process can lead to organisational changes 
without high-quality data, the results will be poor old processes and applications should be removed 

Fig. 4.62 Lessons learned from implementing Portfolio Management processes
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A topmanager should own the PortfolioManagement process. The PortfolioMan-
agement process should include activities to provide praise for good performance,
and to provide ways to learn from problems. The activity of understanding the upper
and lower boundaries of a project’s value is beneficial because it encourages identi-
fication and understanding of project risks. Explicitly managing project risks helps
product developers to increase project value. It’s important to develop rules about
the criteria for decisions to “continue the project” or to “kill the project” before these
decisions are on the verge of being taken.

4.5 Learning from Experience

Fromexperienceworkingwithmany companies, lessons canbe learned about success
factors andpitfalls. From these lessons, others canunderstand and apply best practices
and avoid the pitfalls. Many pitfalls are known. They have been experienced by the
pioneers, and can be avoided.

4.5.1 From the Trenches

More than 80% of the PLM Initiatives in which we’ve been involved have included
business processes in their scope.

4.5.1.1 No Time for Processes

In this company, a world-leading machine manufacturer, a mid-level manager had
been assigned to the business process improvement project. Our first meeting with
the Technical Director, the owner of the project, went badly. He didn’t appreciate
the suggestion that the intention of the project was to improve performance. He
seemed to think that the world-leading performance of the company was due to
him, and that his part of the company needed no improvement. When the project
manager launched the project, there was hostility from all the Product Managers in
the company. They also reported to the Technical Director. They told him they didn’t
have time for talking about business processes, and couldn’t take the risk of using
new untried processes. All their time was needed for getting great new products to
market. Not surprisingly, we didn’t work long with that company. And before long,
the unfortunate project manager, with no support from his boss, suffered a nervous
breakdown and was off work for many months. A few years later, there was a global
turndown in the company’s markets, its products were no longer competitive and
revenues dropped sharply. A new CEO was brought in, and he brought in a new
Technical Director.



4.5 Learning from Experience 149

4.5.1.2 Unexpected Interest

In a global leader in the transportation industry, theCOOwas profoundly interested in
the new business processes, and wanted to be fully involved. During the day, I would
work with the team members. At the end of normal working hours, I would go to
his office and, for the next three hours, we’d go line by line through the descriptions
of the new processes. One evening, as I left after 9 pm, I ran into the Company
President. He looked surprised to see someone in his executive suite at that time of
day. I explained who I was, and what I was doing. Not only did he know about the
project, but started discussing details.

4.5.1.3 Unexpected Reply

In another company in the machinery sector, we asked the Engineering VP for a
copy of the working procedures. He replied that we shouldn’t waste our time looking
at them. He said they were only written to pass audits and didn’t correspond to the
real way of working. I may have looked surprised, because he added, “Customers
buy our machines because they are the best in the world. They’re not interested in
knowing if our processes are documented according to some guidelines put together
by a committee of bureaucrats”.

4.5.1.4 Processes Aren’t in PLM?

In another company, business processes were in the scope of the PLM Initiative.
However, the manager of the Business Processes Group didn’t assign anyone to
participate in the Initiative. He said that business processes were his responsibility
and not that of the PLM Team. The Initiative leader didn’t want to confront him,
as this wouldn’t have fitted the company’s culture of “harmony”. Other people in
the Initiative just got on with their work. Gradually the Initiative changed shape.
Eventually it faded away.

4.5.1.5 Process and System (1)

On one occasion, I was asked by a company to help them implement a PDM system.
As preparation, I reviewed the product development process. It was soon apparent
that by improving the process—independently of the PDM system—it was possible
to reduce the time to market for some new products from 3 years to 3 months.
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4.5.1.6 Process and System (2)

Another company had planned to develop new processes and support them with a
PDM system. The new processes and system were implemented. Users had many
issues with the system. The system was removed, and the new processes adapted to
run without the system

4.5.1.7 Too Much Mapping

A car manufacturer asked me to participate in a project looking at product data. It
was a big project, expected to run for more than a year. It was high-profile, with a
Steering Committee of top-level executives. The final presentation was to be made
to the CEO. The Project Manager, who had worked for years in a Manufacturing
plant, had followed best practice and created a cross-functional project team. It
included representatives from more than 15 company functions. Project members
came from across the product lifecycle, starting with Planning, Marketing, Design
and Engineering, and ending with Service and End of Life. The team had decided
to map the business processes that created and used product data. They’d bought
a program to map the process. A young, dynamic team member from IS had been
appointed to use the tool.

It didn’t take long to find out that this was one of two projects in the company that
addressed components of PLM. The other was led by someone from Engineering. It
was focused on applications. It also had a cross-functional team, with members from
Marketing, Design, Engineering and IS. But nobody from Production or Service. It
was a strange situation. The two projects overlapped, and it was said that only one
would be accepted for continuation by the CEO. The other would be killed.

The project looking at product data ran into problems. First, its members from
Marketing, Design and Engineering didn’t contribute much. They said they weren’t
getting help from their organisations. Second, with more than 20 people providing
information about processes, the “mapper”, even though full-time on the project, soon
got overloaded and couldn’t keep up. A second person was assigned to mapping, but
this created another problem as they didn’t work the same way as the first person.
The mapping tool worked well for small processes that fitted on one page. But it
started to do strange things as some sub-processes began running over several pages,
and sub-processes were connected across multiple pages. Pages got lost. Individual
maps spread over dozens of pages of paper. Before long, the mapping activity was
stopped. The team started process mapping again, this time focusing on the high-
level processes. The results were good. A corresponding high-level data model was
produced.Benefits, such as reduced time tomarket, and reduced costswere identified.
Costs of a company-wide PDM system were identified. An impressive ROI was
calculated. The project leader presented the project results to the CEO one morning.

That afternoon, the other project, the project focused on applications, also pre-
sented to the CEO. Their presentation wasn’t made by their project leader, but by the
VP of Engineering. He said that without the applications the project had identified,
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he wouldn’t be able to guarantee getting new products to market on schedule. The
CEO decided to go ahead with this project. And stopped the project that had looked
at product data.

4.5.1.8 A Change of Situation

We were brought in by the CEO of a company in the process manufacturing sector.
The company had about 5000 employees worldwide. Our job was to review the
product development environment, compare procedures and practices to industry’s
best practices, suggest improvements, and develop an action plan. We found that
although there were many product development projects, few new products were
getting to market. Many projects were failing to achieve acceptance in the Final
Prototype activity. Even apparently very small projects were taking a long time to
come to fruition. Another problem was that there was no easy way for management
to see the status of development projects. And sometimes it wasn’t clear which
criteria were being applied to decide if a project could move forward. Although the
company had defined its business processes, there wasn’t a methodology showing
developers what they should be doing at each time during a project. At a more
detailed level, there was incompatibility between the IS applications in use, with
the result that there was data duplication between applications, and sometimes data
was being manually re-entered. Misunderstandings arose in projects due to a lack
of clear definition of particular words. There was confusion, for example, between
product features and product characteristics, and between customer requirements
and application requirements.

There was often a lack of agreement among the product development team mem-
bers from different departments. People in Marketing felt their ideas and opportu-
nities were being lost because R&D had no time to work on new projects. People
in Production complained that “R&D’s projects” interfered with their plant and pro-
duction runs, costing them excessive set up time, unnecessary downtime and reduced
yield.Meanwhile, people in R&D complained about the overload of work they faced.
They complained about the continual demand for changes from Marketing. They
complained about the huge volumes of paperwork they had to produce. They com-
plained about the many meetings they had to attend. They complained about the lack
of time to do anything useful for the project in the lab.

We carried out a quick study of the situation. It showed the need to introduce a
well-defined cross-functional Stage and Gate process and methodology supported
by a powerful IS application. It also showed the need to visualise the actual status
of all projects, and that of the overall Project Portfolio. We recommended that a
cross-functional project team be created to design and implement a solution to meet
these requirements.

After implementation, the companymeasured a reduction in product development
time of 20–30%. Reasons for this included spending less time on redevelopment and
corrections, and being able tomakedecisions faster.Oneof themain benefits seenwas
a better definition of a project’s target and specifications, validated with customers.
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This helped avoid costly redesign and late changes. Another benefit was that several
man-weeks documentation effort per year, per team member, was eliminated. Most
of this task was either eliminated or automated. After a couple of years, the company
estimated it had increased its percentage of highly valuable product development
projects by 100%.

4.5.2 Business Process Improvement Approach

Many companies want to take a fast, lean approach to the improvement of their
business processes. For projects addressing business processes, we take an eight-
step approach (Fig. 4.63). We’ve developed it based on experience gained in many
process mapping, definition and re-engineering projects.

4.5.2.1 As-Is Situation

We get a cross-functional group of people from the company to document the current
processes. The group should include people from all the functions in the product life-
cycle such as marketing, engineering, production, sales, support and end of life. This
enables inclusion of different views and requirements such as those of a customer, a
design engineer, a cost engineer, a manufacturing engineer and a support engineer.

The first step is to create an overall process map. This will help the team position
the individual processes. This overview may already exist in the form of a Business
Process Architecture or a Process House. It may be documented in the company’s
ISO Manual or Quality Manual. The team can take a hierarchical decomposition
approach. They start with the company’s top-level business processes and go down,
level-by-level, to individual tasks.

The next step is to list processes, showing their name, owner, objective, input,
output and metrics. An “Overview Matrix of All Processes” is created. In the first
column of the matrix, the processes are listed by name. Other information about each
process, as shown in Fig. 4.64, is listed in other columns.

1 Prepare Write down the scope and objectives. Plan the expected activities, taking care to include activities 
such as planning, communicating, reporting, interviewing, documenting, presenting and sustaining 

2 As-is Understand and document the as-is situation. Document the specifics of the As-is product 
lifecycle processes, activities and steps. Document input and output information. Document users 
and use of the information. Document objectives, performance measures, problems, 
requirements.  Identify problems and weaknesses holding back performance. Identify waste. 
Identify the causes 

3 To-be Define 3 or 4 options for the to-be state. SWOT to get the best to-be state 
4 Strategy Identify several potential implementation strategies. SWOT to get the best implementation 

strategy 
5 Plan Develop a detailed implementation plan for an initial project and for further rollout phases 
6 Communicate Communicate a compelling case of success 
7 Implement Start small, get some success. Check results against targets. Communicate success  
8 Sustain When the initial project ends, start the planned follow-on activities 

Fig. 4.63 Eight step approach to process improvement
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the name of the process typical participants in the process the neighbouring processes 
the objective of the process the event that causes the process to be started the documents used in the process 
the process owner the first action in the process the applications used in the process 
the roles involved in the process the last action in the process the procedures that apply to the process 
the customer of the process the event that happens at the end of the process the process metrics 

Fig. 4.64 Examples of information documented for each process

date of introduction scope expected benefits roles plan 
objective cost actual benefits number of users owner 

Fig. 4.65 Characteristics of methods

An “Individual Process Matrix” can then be made for each process. The team can
“walk the process”, step by step. They can identify all the tasks in the process and
understand how they contribute to the goal of the process. In the first column of the
matrix, the roles can be listed. In the columns for each “role row”, the activities for
that role can be shown. At each level, the objective of each activity is documented.
For each activity, the information input, created, used, and output is described, as are
the sources and destinations of information. The cost of the activity is documented.
The people involved in the activity and their roles are described. The frequency and
execution time of each activity is indicated. Any applications used in the activity
are identified, their information requirements described, and their interfaces with
other applications detailed. Procedures and performance measures associated with
the activity are described.

Any special methods (such as Design for Six Sigma) used at some stage of the
product lifecycle are listed and documented. Their characteristics are documented
(Fig. 4.65).

4.5.2.2 Towards To-Be

As the cross-functional group documents the existing processes, and the as-is process
structure, they identify related issues, and document the problems that occur. They
draw up a picture of things that have gonewrong, and things that should be avoided in
future. Just as there’s the opportunity for waste in any activity, there’s the opportunity
for waste in processes in the product lifecycle (Fig. 4.66).

The as-is processes and their problems are documented and analysed. The objec-
tives for future processes are known, or developed, from the objectives of the project.

When the as-is process has been fully understood, the results of the above work
are described in a report. The report is presented to project sponsors. This keeps them
aware of progress. And it gives them an opportunity to respond to the findings.
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Overproduction Doing more work on a project than is required, slowing other projects 
Doing more work on a task than is required 
Not creating a process description from a template, but from an empty page 
Creating information in a process that already exists in another process 
Repetition of the same activity in the same process, or in different processes 
Creating a duplicate value stream 

Excess transportation Pushing data to a distribution list, even when some people don't need it 
Multiple hand-offs of data in a process 
Excessive delegation of work 
Automated workflows with unnecessary steps 
Automated workflows that include steps only rarely relevant 
Changing processes frequently 

Over-processing Too many sign-offs in process activities 
Making glamorous presentations for a Steering Committee 
Approving documents that have already been approved 
Over-detailing a design 

Inventory Starting activities in a project before they are needed 
Defining processes that create information before it’s needed 
Creating an inventory of waiting projects 
Atomisation of data. Producing data bit by bit 
Defining processes with unnecessary storage activities 

Movement Clicking though multi-level menus and lists 
Switching between multiple projects 
Process steps requiring search for drawings and other information 
Going to status update meetings 

Defects Forgetting to develop a risk management activity in a process 
Not developing a portfolio management process 
Making mistakes in processes, or in process documentation 
Making processes without quality control 
Documenting processes so badly they’re impossible to understand 
Not documenting application workflow in a process description 
Not documenting a process 
Not updating a process description when the process changes 

Waiting Preparing training material long before people will be trained 
Waiting for sign-offs 
Waiting due to bottlenecks 
Waiting due to serial flow, instead of parallel flow 

Fig. 4.66 Examples of wasteful activities in the product lifecycle

4.5.2.3 To-Be

The next step for the cross-functional team is to identify possibilities for improvement
of the as-is situation (Fig. 4.67). Improvements may result from eliminating waste,
simplifying some processes and activities, and restructuring other processes and
activities. Other improvements leading to an improved to-be situation can be made
by introducing new technologies, applying software to automate mundane tasks, and
taking advantage of best practices. Improvement opportunities are prioritised by ease
of implementation and by size of impact.

Potential metrics for processes (Fig. 4.68) can be suggested. They will depend on
the scope and circumstances of the process.

Potential metrics for methods will also depend on the scope and circumstances
(Fig. 4.69).

clarify roles remove bottlenecks remove activities that don't add value measure performance 
combine activities eliminate duplication of activities restructure tasks with frequent mistakes automate tasks in workflows 
train participants eliminate gaps between activities define Key Performance Indicators develop missing documentation 

Fig. 4.67 Actions to improve the process
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number of tasks in a process number of processes in the company number of times a process is executed annually 
time to execute a process number of processes in PLM scope  percentage of identified processes completely defined 
cost of process execution number of roles in a process difference between planned, actual process cycle times 

Fig. 4.68 Examples of process-related metrics

the total number of methods the cost of methods 
the number of new methods introduced annually the financial benefit of methods 

Fig. 4.69 Examples of method-related metrics

4.5.2.4 To-Be Process Model

We get the team to develop the basics of a process model for the future situation.
(We don’t expect the team to develop a complete, fully detailed business process
architecture. That can be done later with the involvement of other people who have
the corresponding specific skills and experience.) It doesn’t take long to develop
such a basic model. The intention is only to highlight the main processes and their
relationships, and to identify the main activities in each process. Usually, the team
proposes several variants. Then they compare these, identifying the strong and weak
points of each. And then they put the best parts together. The team’s suggestions for
the future situation are documented and presented to the project sponsors.

4.5.2.5 Benefits

Thebenefits of the newprocesses are often impressive.Cycle times havebeen reduced
by up to 90%. Significant reductions, sometimes as much as 50%, have been made
in workload. And visibility of process activity has been greatly increased. Sales
have been increased because of faster, more accurate response to customers. Other
improvements have included improved compliance and less rework cost.

4.5.3 Pitfalls of Business Process Mapping and Modelling

Business process mapping and modelling are frequent activities in PLM Initiatives.
From experience gained by working with many companies, in many industry sectors,
lessons have been learned. Many potential pitfalls in business process mapping and
modelling (Fig. 4.70) have been seen. It’s good to be aware of them before falling
into them.
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lack of management commitment over-ambitious plans 
unclear scope trying to create 100% perfect process maps 
failure to achieve user buy-in not having enough qualified modellers available 
over-documenting the current state team weakness on cross-functional responsibilities 
not making a plan for process mapping people may not have the patience to map all details 
not setting clear targets for mapping people may not have the knowledge to map all details 
believing processes work as documented focusing on mapping, and not on business improvement 
lack of suitable Subject Matter Experts only creating processes within departmental boundaries 
manipulating processes to fit IS systems input from only a few people, or unrepresentative people 
unclear ownership and rules for modelling launching a modelling activity unrelated to business needs 
poor facilitation leading to poor results not identifying hijackers (people with different objectives) 

Fig. 4.70 Pitfalls of business process mapping and modelling

4.5.4 Top Management Role with Business Processes

4.5.4.1 In Control of Business Processes

Management needs to be in control of the business processes in thePLMenvironment.
It needs to make sure that the best processes are being used.

4.5.4.2 Leading from the Top

To achieve the best business processes, management has to take the lead and show
the way. There should be a strong and widely agreed desire for the best processes
at the highest level. Top management must show commitment to business process
improvement. A single, unchanging theme for improvement is needed. There should
be widespread awareness throughout the company of the reasons for improvement.

Improvement of business processes changes the way a company works. That’s
why it’s so difficult. It changes the way processes fit together, changes the way
people work, and changes the way IS applications fit together. This is what’s needed
for PLM, but it’s hard work. And without management involvement and support, it
won’t happen.

4.5.4.3 The Right Structure

Management needs to set up a governance structure to ensure the best processes are
first implemented and then continuously improved. An early task could to launch an
Initiative, appoint a sponsor, set up a Steering Committee, select a Project Leader and
create a project team. The team could start with a review of the current processes from
initial product idea down to customer use and support, and eventual retirement and
disposal. This will provide management with a solid base from which improvements
can be made (Fig. 4.71). For example, activities that don’t add value should be
removed, and activities that were previously carried out in serial should, wherever
possible, be run in parallel. ProcessKPIs should be identified and targets set. Progress
should be reviewed to make sure that improvements are being made.
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organise activities to meet the objective, not just mimic current tasks build control and feedback into the process 
treat geographically dispersed resources as if they’re at one location get those who use process output to perform the process 
meld parallel activities together instead of integrating their results put the decision point where work is done 
include information-processing work in the information-producing work capture information once, at the source 

Fig. 4.71 Some possible improvements to business processes

4.5.4.4 The Right Culture

Management needs tomake sure that the company has a culture that will allow it to go
through a period of business process upheaval and transformation. There needs to be
consensus at top management level that business process improvement is necessary.
And a commitment to carry it through, even if it leads to some temporary problems.
Top management must be willing to put a lot of time and effort into business process
improvement. Middle managers must be supportive of the changes that will come. If
they only pay lip service to business process improvement, while continuing to fight
old departmental wars, progress will at best take much longer. At worst, performance
will deteriorate. Product developers and other participants in the lifecycle must also
support the business process improvement activity.

4.5.4.5 The Right Skills

Management needs to put in place the right people to work on business process
improvement. To improve the business processes of the product lifecycle, a company
needs to have people who can think horizontally (along the flow of the product
lifecycle) and not just vertically (up and down the corporate hierarchy). The principal
aim of business process improvement is usually to reduce cycle time. The company
needs people who understand how the product is produced today, and have the right
mix and range of knowledge and know-how to be able to see how it could be produced
better in the future. It needs people at all stages of the lifecycle who can visualise
how to work differently, have the skills to work the new way, and are willing to take
the risk of working differently.
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Chapter 5
PLM and Product Data

5.1 This Chapter

5.1.1 Objective

The objective of this chapter is to provide an introduction to product data in the PLM
environment. It will help readers to participate in a company’s activities related to
product data. The chapter will give students taking PLM courses a basic understand-
ing of product data and related activities.

5.1.2 Content

The first part of the Chapter explains what product data is, and why it is relevant in
a PLM Initiative. Definitions are given of frequently used terms in the product data
environment. Examples are given of product data across the product lifecycle. The
management of product data in the twentieth century and in the twenty-first century
is described briefly. The tools used to represent product data are explained. The need
for modelling of product data is introduced.

The second part of the Chapter addresses the situation of product data in a typical
company. Product data issues are described. Typical challenges and objectives are
outlined. A brief vision is given of product data in the future.

The third part of the Chapter addresses some of the activities in a PLM Initiative
that are related to product data. These include data modelling, data cleansing and
data migration.

The fourth and final part of the Chapter builds on experience of working with
product data with many companies. An approach to product data improvement is
described. Potential pitfalls of product data modelling are highlighted. Top manage-
ment’s role in the management of product data is addressed.
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5.1.2.1 Skills

Students in classes for which this book has been assigned will get, from this chapter,
a basic understanding of product data in the PLM environment. They’ll learn what
product data is and why it’s important. They’ll be able to explain, communicate and
discuss product data.

In addition, students will learn how product data is documented. They’ll know
about product data models and product data modelling. They’ll learn about the prob-
lems and opportunities with product data in the PLM environment of a typical com-
pany. They’ll be able to describe the typical activities of a product data improvement
sub-project in a PLM Initiative. And they’ll be aware of some companies’ experience
with product data improvement sub-projects in PLM Initiatives.

5.1.3 Relevance of Product Data in PLM

Product data is a main component on the PLMGrid (Fig. 5.1). In manyways, product
data is the product.
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Fig. 5.1 The PLM Grid
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Fig. 5.2 Typical number of
parts in products

Product Typical number of parts

Deodorant 20
Sandwich 30
Shampoo 50
Watch 300 
Machine tool 2000
Car 25000
Aircraft 400000
Space shuttle 2000000
Application software (lines of code) 20000000

Product data is the definition of a product. It’s all the knowledge and know-how
about the product. In addition, it’s all the knowledge and know-how about the way
the product is designed, manufactured, supported, used and recycled.

The quality of product data is a key element of product success. One small error
can cost millions of dollars.

Product data is very valuable. If an unscrupulous competitor gets access to the
product data, they will know everything about the product.

The right product data enables a company to sell and support its products effec-
tively. If the company can’t control its product-related data, it will find it difficult to
manage its products. If a change is needed to the product, for example, because of
changing laws or regulations, the product data enables quick change. The product
data is the basis for the next generation of the product.

Managing the product across its lifecycle is far from easy. During the development
of a product, it doesn’t physically exist. Not surprisingly, during that phase of life,
it’s difficult to control. Once a product does exist, it should be used at a customer
location, where again, it’s difficult for a company to keep control of it. A lot of the
time, the company only has access to the product data. And not the product.

Whatever the product made by a company, an enormous volume and variety of
product data is needed to ideate, develop, produce and support the product throughout
the lifecycle. Many products contain a lot of parts or components or ingredients
(Fig. 5.2). And behind them is an enormous amount of information.

The amount of product data needed to define a part or component varies widely
from one product to another. As an example, one company I worked with had about
100 mechanical parts in its products. Each of these was defined by about 20 docu-
ments (design, manufacturing, test, reviews, service, recycling, regulatory, quality,
etc.). On average there were about 40 important items of data on each document.
And, on average, each document went through 10 versions. The resulting amount
of product data can be thought of in different ways. 800 important items of data. Or
about 20,000 documents. And that was for one product. The company had about 300
products. 25% of the data items existed on more than one document. And 80% of
data was common across a product family. In such an environment there are many
ways to organise the product data. Some are better than others.

Companies have a choice. They can organise their product data badly and, for
example, take 30 min to find a document. Or they can organise their product data
so that they can find a document in 30 s. They can leave product data disorganised
so that it takes 2 h of manual work to create a report. Or they can organise it and
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under control available where needed reusable complete accurate well-managed
high quality a strategic company asset lean secure easy to find available when needed

Fig. 5.3 Requirements for product data

create the report automatically in 2 s. They can let people waste time by re-entering
the same data several times. Or they can make sure data is only entered once. The
requirements for product data are clear (Fig. 5.3).

If product data isn’t managed effectively, the result will be wasted time, rework
costs and slow time tomarket. Product data doesn’t look after itself, and like anything
that’s not properly organised andmaintained,won’t perform as required. Over time, it
will slide into disorder. Mayhem would result. However, this has to be avoided as the
slightest slip can have serious consequences for the product and those associatedwith
it. Getting product data organised, and keeping it organised, are major challenges in
PLM.

5.2 Definitions and Introduction

5.2.1 Definitions

5.2.1.1 Product Data

The term“product data” includes all data related both to a product and to the processes
that are used to imagine it, to design it, to produce it, to use it, to support it and to
dispose of it.

The data has many purposes. Some of this data will describe the characteristics
of the product, or a part of the product, or its packaging, or a label, or an identifier.
Some will describe a structure such as a BOM or a list of ingredients. Some will
describe a process related to the product, how something has to be done. Some of the
information may describe a regulation with which the product must comply. Some
may describe a best practice guideline developed by an industry organisation or an
international standards organisation.

Product data is created and used throughout the product lifecycle. Some product
data (e.g. part geometry) is created within the engineering function. Some is created
elsewhere (e.g. feedback results from customers in field tests, sensor readings from
Smart Products). Some of the data (e.g. circuit analysis results) is used within design
engineering, some (e.g. welding instructions) in production, some (e.g. installation
instructions) on a customer site, some (e.g. disassembly instructions) at the end of
the product life.
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help identify business requirements for product data develop common definitions of product data entities
help people working with product data to discuss it provide a basis for software development
help people using product data to understand it identify opportunities to reuse product data
help people to agree about product data identify key data element attributes
provide a documented description of product data identify ownership of data elements
ensure that product data is reliable and consistent work with product data in a consistent, standard way
avoid redundant / duplicate / conflicting data manage product data as a strategic company asset

Fig. 5.4 Benefits of making a conceptual data model for product data

5.2.1.2 Product Data Management

Product data management is the activity of managing product data. A PDM system
is a computer system, an application, which manages product data.

5.2.1.3 Data Model

Adatamodel is a representation, usually including a diagram, of the data in a particu-
lar environment. There are many types of data model. They have different objectives,
are used in different circumstances and have different content.

5.2.1.4 Conceptual Data Model

A conceptual data model is a high-level data model that people throughout a com-
pany can understand. It shows, from the user viewpoint, the main entities (e.g. part,
drawing, list of ingredients, installation guide, User Manual) and the relationships
between them. It may also define the entities, and show their attributes and struc-
ture. A conceptual data model doesn’t include any dependencies on the particular
technologies (e.g. database) on which it may be implemented.

In this introductory chapter about product data, the focus is on the conceptual data
model. Many benefits arise from making a conceptual data model (Fig. 5.4).

5.2.1.5 Logical Data Model

A logical data model is a much more detailed model than a conceptual data model. It
shows all the details about the entities that are required for the business to function
normally. It shows all the rules governing their behaviour. Very few people in the
companywill knowabout all these details. Like the conceptual datamodel, the logical
data model doesn’t include dependencies on particular technologies on which it may
be implemented.
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5.2.1.6 Physical Data Model

A physical data model is a very detailed model that is specific to the technology (e.g.
database) on which it will be implemented. It shows how the data will be physically
stored and accessed.

5.2.1.7 Entity–Relationship Model

Entity–relationship models have been used since the 1970s. In this modelling tech-
nique, an entity is any physical or logical object of interest in the environment being
modelled. Customers, products, suppliers, processes, locations, machines, money,
documents and employees are among the many examples of entities. There are also
many possible relationships. For example, one entity may use another entity. One
entity may own other entities. One entity may contain another entity.

An entity doesn’t represent an individual item (an instance), but a class of similar
items, each of which can be characterised in the same way and will be used in the
same way in the environment being modelled. Examples of entities in a particular
environment could include aircraft, manufacturer and airport.

The common properties and characteristics of an entity are referred to as its
attributes. Examples of an aircraft’s attributes could include colour, range, weight,
fuselage length and wingspan. Attributes of a manufacturer could include manufac-
turer name and assembly plant location. Relationships are associations that describe
the link between entities, for example between an aircraft and a manufacturer.

Graphically, entities are often represented as rectangular boxes, attributes as cir-
cles or ellipses and relationships as diamonds. Lines associate entities and relation-
ships to their attributes. Annotations indicate the nature of relationships: one-to-one,
1:1; one-to-many, 1:n; many-to-many, m:n (Fig. 5.5). Alternatively, single-headed
or double-headed arrows can be used to indicate the nature of the relationship.

5.2.1.8 Configuration, Configuration Management

The configuration of a product is a definition of all its configuration items (e.g.
component, specification document.) and of the way they are organised.

Configuration Management (CM) is the activity of documenting initial product
specifications, and controlling and documenting changes to these specifications. CM
is a formal discipline to help assure the quality and long-term support of complex
products through consistent identification, and effective monitoring and control, of
all of this information.

Configuration Management is a discipline that has existed for over fifty years. It
has many standards and guidelines (e.g. ISO 10007:2003 Quality management sys-
tems—Guidelines for configuration management). ISO 10007:2003 provides guid-
ance on the use of configuration management within an organisation. Applicable
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1 1

1 n

m n

Fig. 5.5 Entity relationships

Name Activity

Configuration identification determining the product structure, selecting configuration items, documenting items, 
interfaces and changes, and allocating identification characters or numbers 

Configuration control addresses the control of changes to a configuration item after formal establishment 
of its configuration documents

Configuration status accounting is for formal recording and reporting of the established configuration documents, the 
status of proposed changes and the status of the implementation of approved 
changes 

Configuration audits are carried out to determine whether a configuration item conforms to its 
configuration documents

Fig. 5.6 Four activities of configuration management

across the product lifecycle, it describes the configuration management responsi-
bilities and authorities, the process and the planning, as well as the four activi-
ties (Fig. 5.6) of configuration identification, change control, configuration status
accounting and configuration audit.

The data that is managed within Configuration Management is product data.

5.2.2 Product Data Across the Lifecycle

A lot of data is created and used in a company as a product is ideated, developed,
manufactured, supported and retired. Figure 5.7 shows some of the data that is needed
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Imagine Define Realise Support/Use Retire/Recycle

Ideas Software code Label data Field data Disassembly lists
Proposals Requirements Process plans Customer complaints Recyclable codes
Drawings Regulatory rules MBOMs Service manuals EOL notification 
Models EBOMs Fixture designs Installation documents Recovery procedure
Sketches Assembly drawings Welding instructions SBOMS Disposal lists
Results of reviews Ingredient lists Cleaning guidelines Repair procedures Part-out plans
Cost estimates Master data Change requests Spare part policies Teardown reports
Idea scores Risk reports Quality findings Sensor reading lists Change requests

Fig. 5.7 Examples of product data across the product lifecycle

Imagine Define Realise Support/Use Retire/Recycle

Developers Design engineers Welders Maintenance Recyclers 
Shop Floor workers Product Managers Machinists Mechanics Disassemblers 
Customers Customers Assemblers Customers Salvors 
Partners Suppliers Testers Service engineers Customers
Marketers Regulators Cleaners Repair workers Dismantlers

Fig. 5.8 Typical product data users across the product lifecycle

across the product lifecycle for various products. Each company will have its own set
of product data. The content depends on a variety of factors including the company’s
industry sector, its position in the supply chain and the way it’s been organised in
the past.

In each phase of the product lifecycle, there may be many users of product data
(Fig. 5.8). The number of users of product data varies from one company to another.
However, it isn’t unusual for more than 25% of the people in a company to create or
use some form of product data.

5.2.3 Organising the Product Data

5.2.3.1 Departmental Focus

For most of the twentieth century, companies were organised by functional depart-
ments such as Marketing, Engineering, Manufacturing and Sales. People and work
were assigned to a department. Then, for example, people in Engineering worked
the way the boss of Engineering told them to work. They created documents to fit
the needs of Engineering. They used Engineering jargon on their documents. They
stored data in Engineering databases. Meanwhile, people in Manufacturing worked
the way the boss of Manufacturing told them to work. They created documents to fit
the needs of Manufacturing. They used Manufacturing jargon on their documents.
They stored data in Manufacturing databases.

There are so many products and so many parts in products, that special identifiers
are needed to know exactly which “thing” is being referred to in situations as diverse
as defining a product, assembling the product, controlling stock levels, ordering,
billing, accounting and handling complaints and returns. To make things easier for
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themselves, the departments often used “speaking numbers” (also referred to as
“significant numbers”, “intelligent numbers”, “meaningful numbers” and “coded
numbers”) to identify parts. These numbers were helpful as they said something
about the product or part. For example, L20-US-P1 could refer to a 20 in. product
sold in the US in package 1. L20-JP-P4 could be the same product sold in Japan in
package 4. L20-GE-P8 could be the same product sold in Germany in package 8. (A
“non-speaking” number such as 40012741 or 40012742 doesn’t provide such help.)

Some departments used tabulated documents to make their life easier. For exam-
ple, instead of making 12 separate drawings, each with its own name and identifier,
of similar parts, they made a drawing of one of the parts. Then, on the same sheet of
paper, they created a table showing the characteristics that change from one part to
another.

5.2.3.2 Paper

For much of the twentieth century, paper was the main medium for storage and
communication of product data. The paper onwhich the product datawaswrittenwas
given a variety of names (Fig. 5.9). The meaning of these names wasn’t standardised.
As a result, the collection of product data that was referred to in one company or
department as a record would be referred to in another company as a report. A policy
for one company or department would be a procedure for another and an instruction
for a third.

Usually, on a paper document containing product data, one part of the document
would have a particular structure reserved for information about the rest of the infor-
mation on the document. A drawing on paper, for example, often had an informative
“title block” with fields for information such as drawing title, identifier, scale, units
and creation date. A paper text document had a “header” with fields for information
such as document name, product name, creation date and author name.

Although paper has a lot of advantages as a storage and communication medium,
it also has some disadvantages (Fig. 5.10).

record drawing form report procedure policy log chart
directive diagram guideline folder list standard file rule
template schedule document protocol sheet instruction bill plan

Fig. 5.9 Paper documents with product data

slow search slow distribution slow access easy to misplace  hard to keep track of copies 
hard to access high storage costs hard to share easy to lose risk of deterioration and damage

Fig. 5.10 Some issues with paper documents
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5.2.3.3 Document Management Group

Many companies had a special Document Management Group to manage all the
paper. This wasn’t seen as an important organisation. It was often located in a base-
ment. It was usually staffed by people close to retirement. From experience, they
knew a lot about the company’s documents. Often, they had a “Bible”, a book in
which they wrote down the names and numbers of documents. Their other main
tools were reprographic equipment, filing cabinets, pens and pencils. Blueprints and
other large documents were laid out in drawers in horizontal cabinets. Procedures
and meeting minutes were stored in files on shelves or hung in vertical cabinets.

By the 1970s, a lot of product data was being produced and stored on computer
files. These brought new issues (Fig. 5.11). In the 1980s a lot of product data was
stored on 3½-in. floppy disks designed to fit in an engineer’s shirt pocket. Product
data became increasingly difficult to manage. Sometimes the information on a file
would also exist on paper, sometimes not. Sometimes the paper would be managed
by the Document Management Group, sometimes not. In a large organisation, it’s
almost impossible to manage file-based data efficiently. Users lose track of their data
in a sea of files. There’s a lot of data redundancy. Duplicate items of information
are held in several applications. It’s difficult to share data between applications. It’s
difficult to control access and to maintain security of data across several independent
file-based applications. It’s difficult to apply uniform rules and standards to data that
are held in several file-based applications.

In the 1980s, special systems were developed to manage “engineering data”.
Some were known as Engineering Drawing Management Systems or Engineering
Data Management Systems. Others were known as Engineering Document Man-
agement Systems or Engineering Information Management Systems. Then, in the
1990s, Product Data Management Systems appeared. All these systems handled
many data management tasks, reducing the need for Document Management staff.
Many of these systems needed extensive customisation, which called for IT skills.
This changed the required skills profile for Document Management staff.

5.2.4 Product Data as a Strategic Resource

By the end of the twentieth century many changes were affecting product data and its
management. Most product data was now electronic. There was pressure to reduce
time to market. Companies were grouping activities into business processes, and
organising around these processes. The old departmental approach to product data
wasn’t helping. Errors occurred. Time was being wasted. Product data needed to be
usable for all users, not just those in the department where it was created.

Fig. 5.11 Some issues with
files

slow to search data redundancy naming
hard to access hard to keep track of copies security problems
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A new, organised approach was needed. Product data was seen as a company
resource. As for all other company resources, it had to be proactively managed. Out
went paper and pencil, and in came concepts such as databases, metadata, product
data architecture, data modelling, document templates and serial part numbering.

It was recognised that product data is more complex than data in other areas of a
company. Transactions on other business data typically last a few seconds orminutes.
A transaction involving product data, such as the design of a new part, will generally
last several hours or days. Other business data (e.g. about customer reservations,
invoices, suppliers) has clearly defined sizes. Product data is different. One product
may be made up of 10 parts, another of 10,000 parts. A CAD file describing one part
may be 1 MB in size. That describing another part may be larger, for example, 1 GB.
Multiple documents may be needed to specify, or validate a part or a product. Each
part may have multiple versions. Each product may have multiple variants. It may
take years to develop a part, and during that time information may be in any one
of several states. And once the product has been developed it may have a life of
fifty years or longer, during which product data may change at any time. In the
usual business data environment, the relationships between data are generally static,
well specified and simple. For product data, they are frequently changing, unclear
and complex. They are characterised by versions and alternatives. These occur less
frequently in the business environment. In the business environment, modification to
one record won’t normally lead to modifications to a large number of other records.
With product data, modification to one record, say a part design, could lead to a
large number of modifications to related records. Product data structures are more
complex than those in other business areas. For example, the information structure
of a car made of 20,000 parts is more complex than that of the monthly invoice you
receive from your telephone company.

Most electronic business data in a company is stored in a database containing
tables with records of fixed length. But a lot of product data doesn’t have a fixed
length.

Much of the product data will be company-specific. In other areas, for example,
preparing the company accounts, many companies will work to an international stan-
dard, for example, the International FinancialReportingStandards (IFRS). Thewords
used will either be drawn from everyday language or based on standard descriptions.
The meaning of words is understood worldwide (Fig. 5.12).

However, the productworld contains a lot of technical terms and company-specific
jargon that makes no sense to people from other companies (Fig. 5.13).

revenue cost of revenue gross operating profit S, G and A expenses pre-tax income

Fig. 5.12 Business terminology understood by many

calender mandrel digester hooker bed-of-nails jig wet scrubber 

Fig. 5.13 Product terminology understood by few
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5.2.4.1 Metadata

Metadata is “data about data”, “data describing other data”. It’s the key information
about a larger volume of data, such as its name, its status, its location and its owner.
Metadata is similar to the catalogue information of a book in a library. That might
contain the book title, author name, book number and book location. The amount
of metadata is usually much, much smaller than the amount of data it describes. For
example, there might be just 10 metadata for a 400-page book in a library catalogue.

For a 50 kB text document, there might be just 20 metadata. 40 metadata may
describe a 1 MB CAD object. Even though there’s not much metadata, it’s very
helpful when identifying, managing and accessing product data.

The metadata describing a particular type of product data has a fixed length.
Product data management systems put the metadata in the database.

In the paper world, metadata was put in the title block or header of the paper
document. And then in a paper catalogue. In the computer world, metadata is put in
a database.

There are different types of metadata. For example, there’s administrative data
such as file size, type, creating application and timestamps. There’s descriptive meta-
data such as object type, object identifier, title, subject matter and owner. There’s
structural metadata such as the link between a drawing and a part, or the links
between sub-assemblies and a product.

The metadata of a file could include the name of the file, its title, its type, the
application that it was created with, its location, its size, its lifecycle state (such as
in-work, under review, in rework, approved, rejected, cancelled), its creation date,
the date last modified, the date last accessed, permissions (such as who can read it
and who canmodify it), the author, its status (checked in, or checked out) and by who
it was last saved. With less than 20 metadata, it’s possible to get a good overview of
the file. Yet the file itself could, for example, hold the results of 20,000measurements
of pressure and temperature at various positions on the product.

The metadata of a word-processed document file could include a lot of useful
information about the file (Fig. 5.14).

With less than 25 metadata, it’s possible to get a good overview of the word-
processed file. Yet the file could contain dozens of pages of detailed description of a
market segment or a new product.

Similarly, the metadata of a CAD drawing file could include a lot of useful infor-
mation about the file (Fig. 5.15).

And the metadata of a part (Fig. 5.16) gives a good overview of the part.

document title subject name creator type owner
reviewer format creation date date last modified access rights usage
description source template location structure version
lifecycle state dependencies classification attachments author iteration

Fig. 5.14 Some metadata of a word-processed file
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drawing number drawing format title date created date modified releaser
date reviewed date released page number sheet number drawing owner type
revision level reviewer approval date approver name drawing scale drawing size

Fig. 5.15 Some metadata of a CAD drawing file

part number part superseding part description part superseded price
drawing number make/buy source unit(s) of measure cost status
revision level lead time creating system certifier colour

Fig. 5.16 Some metadata of a part

5.2.4.2 Product Data Architecture

An architecture defines the components in a particular environment and shows how
they’re organised and related. There’s so much product data in a company that com-
panies often create a product data architecture with models showing how data is
organised. Related procedures, standards and rules about data creation, use and stor-
age are defined. A correctly organised, coherent product data architecture will enable
successful work across the product lifecycle.

5.2.4.3 Product Data Modelling

Product data is needed across the product lifecycle (Fig. 5.7). The scope of the product
data environment is wide. It’s a complex environment. It’s not easy for newcomers
to understand. Simple models of product data are needed to help people understand
and communicate about it. A model acts as a common basis for discussion and
communication. It shows the main objects in the environment, their attributes and
their relationships. It helps people increase understanding and share a common view.

5.2.4.4 Product Data Rules

Withhugevolumesof product data, andmanypeopleworkingwith it, there’s potential
for chaos and confusion. To avoid the system breaking down, procedures and rules
are needed.

For example, the number of a part should be unambiguous so that it’s clear to
which part it refers. Serial numbers should be used for parts as they are unambiguous.
A serial number is a unique number assigned to a part. It differs from the unique
numbers assigned to other products of the same type by a multiple of a particular
number. Often the particular number is one. 40012741 or 40012742 are examples of
serial numbers.

Speaking numbers should be avoided as they aren’t unambiguous. In some situ-
ations, significant numbers lead to misunderstandings and problems. For example,
L20-US-P1 may refer to a 20 in. lamp in the US. However, in Germany, the product
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may be measured in cm, so the equivalent of the L20-US-P1 in Germany may actu-
ally be the L51-GE-P8 and not the L20-GE-P8. And when sold in Poland, perhaps
the equivalent of the L20-US-P1 is identified as L51-PO-P8. But in Portugal, perhaps
it’s also identified as L51-PO-P8. When a L51-PO-P8 is sent in for upgrade from
someone who has moved to France, it’s difficult to know if it should be upgraded to
Polish specifications or Portuguese specifications.

Similarly, tabulated documents should be avoided as they create confusion. A
single tabulated drawing that represents 12 separate parts has one name and identifier.
That’s OK until something changes. Then it can be difficult to understand if the
change affects just one of the parts, or several, or all. And it can be difficult to
document the change without affecting unchanged areas.

Instead of creating new documents from scratch, existing document templates
with predefined metadata fields should be used.

A list of all document types should be maintained. For each document type, it
should show information such as name, number, owner, version number, creation
date.

5.2.4.5 Managing Product Data

Product data is different from most data in a company, but the same basics of data
management apply. Objectives for data management have to be defined. They have to
be documented.MeaningfulKeyPerformance Indicators (KPIs) have to be identified.
Targets have to be set for the KPIs. People have to be trained. Performance has to
be measured. Performance has to be reviewed to make sure things are working well,
and to see what improvements could be made.

5.2.5 Tools to Represent Product Data

It’s possible to make a product data model with simple tools such as a pencil and a
piece of paper.

Tools such as Excel and PowerPoint can also be used to document the current
and future situations of product data. These may not seem to be highly sophisticated.
However, they’re widely available, usable by most people, and understandable by
most people.

More sophisticated software tools are available to provide support for data mod-
elling. They can be of great benefit in modelling, since the amount of data generated
by the modelling activity, and the frequent updates and changes, can be difficult
to handle by purely manual means. But, these tools often require additional train-
ing and licensing. The ease with which such software allows modelling to take place
shouldn’t be allowed to distract people frommaking sure that what they’re modelling
is correct and of use to the business. It’s only too easy, when modelling product data,
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to lose sight of the target. A very detailed data model will be of little use if the PLM
Initiative stops before the model is completed.

The various languages available for modelling often have a number of different
types of “diagram” (or “maps” or “domains”) that show different aspects of an object
or an activity. These include, for example, the structure of objects and activities, their
development, how they communicate and how they’re related to other objects and
activities.

5.2.5.1 UML

One of the languages used is the Unified Modelling Language (UML). It has many
types of diagrams that are used to show information about objects and activities. The
diagram types can be divided into three categories: Structure Diagrams; Behaviour
Diagrams; and Interaction Diagrams. Structure Diagrams represent static structures
and include the Class Diagram (Fig. 5.18), Component Diagram and Object Dia-
gram. The Behaviour Diagrams include the Activity Diagram, State Machine Dia-
gram (Fig. 5.22) and Use Case Diagram. They represent various types of behaviour.
The Interaction Diagrams represents interactions, and include the Communication
Diagram, Sequence Diagram, Timing Diagram and Interaction Overview Diagram.

5.2.6 Data Model Diagrams

The most frequently used models of product data are used to show its flow and its
structure.

5.2.6.1 Data Flow

Figure 5.17 shows the flow of data from a Sales Engineer to a Design Engineer and
then to a Manufacturing Engineer. The “Detail the design” activity is represented
by a box characterised by the information on three arrows. The input arrow shows
the input necessary to perform the activity, and the output arrow shows the output
of the activity. The third arrow, the vertical mechanism arrow, shows the means by
which the activity is accomplished. Activity boxes are linked on a diagram to show
the overall environment. The output of one activity is the input for another.

The principles behind such amodel are simple and easy to understand. Creation of
a model for a small activity is quick and easy. But creation, change and management
of models with hundreds of activities and participants takes a lot of time and effort.

Data flow models can show how data flows through the product lifecycle, and
by which activities it’s processed and stored. Data flow models relate the various
activities of the PLM environment to the use and flow of data.
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Manufacturing Engineer,
CAM system

Requirement,
Suggested approach,
Time, cost estimates

CAD model

Detail the
design

Design Engineer,
CAD system

Sales Engineer

Fig. 5.17 Data-flow diagram

Typically, data flow modelling is carried out as a top-down exercise with as many
decompositions or hierarchical levels as necessary. The environment is first described
at the top level, Level 0. Then each element of the top level is separately described
in more detail.

5.2.6.2 Class Diagram

The Class Diagram is used to show the static structure of a system. It shows the
system’s classes, their attributes and the static relationships between classes.

In the class diagram, a class is represented by a box with three parts (Fig. 5.18).
The upper part shows the name of the class, the middle part shows the attributes of
the class and the bottom part shows the class’s operations. These are the operations
or methods performed by the class. As there may be many attributes and operations,
sometimes some attributes aren’t shown, and sometimes the operations aren’t shown
at all.

The “Person” Class would have attributes such as Name, Date of Birth, Height
and Weight. Each person (member of the “Person” Class) has these attributes, but
has their own value for each attribute.

Fig. 5.18 A class is
represented in three parts

Name of the Class
Attributes 
Methods
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A person with the Name of John Smith is a member of the Person Class, with a
Date of Birth value of 1 January 1987, a Height value of 5 ft 11 in., and a Weight
value of 230 lb.

All instances of a class have the same attributes and relationships. So, for example,
all drawings of theDrawingClass would have an attribute of Number. But theywould
all have a different number.

A line can represent the relationship between classes. An arrowhead indicates the
role of the entity in the relationship. Numbers at each end of the line indicate the
multiplicity.

ThePart–DrawingRelationship (Fig. 5.19) shows that aDrawing can existwithout
a Part (0), but that a Drawing can be associated with many Parts (n). A Part doesn’t
necessarily have a Drawing (0); but a Part can be associated with many Drawings
(n).

The Part–Colour relationship (Fig. 5.20) shows that a Colour can exist without a
Part (0), but that a Colour can be associated with many Parts (n). A Part always has
exactly one Colour (1).

The Part–Part relationship in the model in Fig. 5.21 shows that parent–child rela-
tionships are possible. A Part–Part relationship is used to show a part belongs to a
sub-assembly, or a sub-assembly belongs to an assembly.

5.2.6.3 State Diagram

A state diagram shows the states that exist for an entity, and the allowable transition
paths between them.

Figure 5.22 shows four possible states for an entity.
When the entity is In Work, the only allowable transition is to the Under Review

state. When the entity is Under Review, the allowable transitions are to In Work,

Fig. 5.19 Part-drawing
model

Part Drawing
Number Number
Version Version 
Material Type Title
Child Title 2
Parent Object Type
Lifecycle state Status

Creator 
< ------------ >
0,n          0,n 

Fig. 5.20 Part-colour model Colour Part
Colour Number Number 
Colour Code Version

Material Type
Child
Parent
Status 
Colour Number

< ------------ >
1             0,n 



176 5 PLM and Product Data

Material Part Drawing
Material Code Number Number 
Material Spec Version Version
Material Name Material Type Document type
.... Child Title 1

Parent Title 2
State Status 

0,1           0,n Colour Number 0,n          0,n Originator
< ------------ > .... < ------------ > ....

|________↑
Part-Part

Relationship

Fig. 5.21 Material-part-drawing model

In Work < ----------- > Under Review ----------- > Released ----------- > Cancelled
| ↑
---------------- > -------------- > -------------- > ----------- > -----

Fig. 5.22 A state diagram

Lifecycle State 1 State 2 State 3 State 4 State 5
Object
A In Work Completed Cancelled
B In Work Under Review Released Rejected Cancelled
C In Work Under Review Complete Cancelled
D In Work Under Review Released Rejected Cancelled
E In Work Under Review Released Complete Cancelled
F In Work Under Review Approved Accepted Cancelled

Fig. 5.23 Object lifecycle state table

Released and Cancelled states. When the entity is in the Released state, the only
allowable transition is to the Cancelled state.

Some entities in the PLM environment have the same lifecycle, others have dif-
ferent lifecycles. Figure 5.23 shows the lifecycle states of the objects A, B, C, D, E
and F.

5.2.7 KPIs for Product Data

A Key Performance Indicator (KPI), or metric, is a quantifiable attribute of an entity
or activity that helps describe its performance. It’s something that can be measured
to help manage and improve the entity or activity. Many KPIs can be used to measure
product data performance (Fig. 5.24). KPIs help an organisation to set targets for its

% of duplicate product data % of product data that’s electronic volume of data that’s re-entered manually
% of incorrect product data % of product data that’s never used number of different copies of same document
% of incomplete product data % of product data with no owner % of product data not under change control

Fig. 5.24 Examples of KPIs for product data
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annual improvement plans and to measure the progress that it’s making. For each
metric, there’s a current value and there can be target values for the future.

5.2.8 The Importance of Product Data in PLM

Throughout the product lifecycle, product data is all-important. In many ways, prod-
uct data is the product. It has to be available whenever it’s needed, wherever it’s
needed, by whoever needs it, throughout the product lifecycle. Product data is all
that people can work with when the product doesn’t physically exist in their envi-
ronment.

Product data is a strategic resource. It defines and describes the product, and the
product is the source of company revenues. Product data can be reused in the next
generation of a product and help to generate future revenues.

A company’s product data represents its collective know-how. As such it’s a major
asset and should be used as profitably as possible. If there’s something wrong with
product data, there’ll be problems with the product, and then money will be lost.

The product that the customer will eventually use is designed and manufactured
using product data. Thismeans that customer perceptions of the product are functions
of the product data.And the quality and cost of the product are functions of the product
data.

In the PLM environment, product data is a major input to business processes. It’s
also a major output from business processes. Without knowing the product data in
detail, it will be difficult to optimise business processes. In the PLM environment,
many applications create, use andmanage product data.Without knowing the product
data in detail, it will be difficult to use these applications to the best.

The objectives of a PLM Initiative may be related to a KPI of product data (e.g.
% of clean product data).

5.3 Reality in a Typical Company

The details of the product data environment are different in different companies.
However, there are many similarities in their activities addressing product data. They
face many similar issues related to product data.

5.3.1 Generic Issues with Product Data

There are many types of product data, each with its individual characteristics. How-
ever, although some characteristics are specific to just one type of data, many issues
are common to many or all types. These common issues are described below in
alphabetical order. They are all potential sources of problems to be addressed in
PLM.
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5.3.1.1 Access to Product Data

Access to product data has to be provided to people when they need it. However,
access to product data has to be controlled so that only authorised people, with
specific rights, can access the data. For example, a company may want customers
to be able to access some information about a product over the Web, but not want
competitors to be able to access details about the product.

Complicating access management, the access rights of a user of product data may
change during the product lifecycle. At one time, a user may have the right to create
and modify some product data, but, at another time, they may not even be allowed
to see that data. And, at a particular time, a person may have different access rights
on different projects and products.

Access to product data can be further complicated by the obsolescence of comput-
ers and the introduction of new applications. For example, new generation applica-
tions often have difficulty in using data produced for old products by old applications.
And old applications (legacy applications) are often unable to work with new data
structures created in new applications. Yet, users may need to access old data (for old
products), enriched data on old products and data in new formats (for new products).

5.3.1.2 Applications

There are many applications in the PLM environment. Most of them create and
store product data in different ways. This complicates access to, and management
of, product data. It complicates transfer of data between applications.

There’s usually redundant data in applications. Many applications store all the
information they require, leading to duplication and overlap between the informa-
tion stored by different applications. As an example, many applications will store
lists of product names and part numbers. Should the structure of these change, the
corresponding applications may have to be changed, and the files they use and create
may have to be changed. This takes time and effort, and may introduce errors.

5.3.1.3 Archiving of Data

A lot of product data must be kept for a long time. Requirements vary by industry,
but customers and regulators may require data to be kept for several decades.

5.3.1.4 Availability of Data

Product data needs to be available to users where they need it, when they need it.
Product data may need to be available anywhere. For example, an aircraft may need
to be repaired in any part of the world.



5.3 Reality in a Typical Company 179

People may wait hours, even weeks, for the product data they need. The person
who should send it may be overloaded with other work, and then be out of the office
for several days visiting prospects. Work is held up because nobody knows who else
has the authority to send it.When people do receive information, theymay not be sure
if they’ve received the correct version. Sometimes they just want to make a simple
request for product data from an application, in the same company, that “belongs”
to another department. And they have to wait several days to get it.

5.3.1.5 Change

Most product data undergoes change at various times in its lifetime. A change to
one part often has knock-on effects. Adjacent parts may need to be changed. Some
of the changes may lead to changes in materials, manufacturing processes and user
documentation. Other changes may lead to changes in labels and regulatory docu-
ments.All these changes have to bemanaged: formally requested; evaluated; properly
approved by all interested parties; publicised; and recorded. There’s a huge volume of
product data. In a fast-changing environment, that leads to a huge volume of changes
to product data.

Changes to product data can be difficult to coordinate, with the result that unnec-
essary changes are introduced or required changes are held back. As a result, design
cycles are lengthened, and unreleased versions of data are acquired by manufac-
turing, sales and support, causing confusion and waste. The time taken for raising,
approving and implementing changes becomes much longer than necessary. The
change process may take days, weeks or even months, whereas the actual processing
time may only be a few minutes or hours. In large companies, it can cost thousands
of dollars to process a change to product data.

Engineering change control systems are often bureaucratic, paper-intensive, com-
plex and slow-moving. A central engineering services group may have the respon-
sibility, but not the tools, to push the changes through as quickly as possible. Many
departments may be involved. It may take several months, and numerous forms,
to get a proposed change approved and incorporated into a product design. Even
when a change has been agreed and announced, many months may go by before the
corresponding documentation gets to the field.

For some product data, there may not be a formal change control process. Some
companies even have a formal ISO 9000-compliant change process, but management
doesn’t expect anyone to use it. Minor modifications to products and drawings are
madewithout informing anyone. Components are substituted in end productswithout
corresponding changes being made to test routines. People fail to maintain the trace
of the exact ingredients in ever-smaller batches of products. Nobody will notice until
something goes wrong or another change has to be made. Then, extra effort will be
needed to find out where the problem comes from. And supplementary support staff
will be hired to try to prevent further problems.
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5.3.1.6 Copies of Data

As soon as there’s more than one copy of a file or document, there’s a danger that
someone will change one copy, but the other copies won’t be updated. Procedures
need to be in place to ensure that copies and changed copies can’t lead to problems.

5.3.1.7 Confidentiality of Data

Product data is valuable. Much of it is confidential, and shouldn’t be seen by people
in other organisations, such as competitors.

5.3.1.8 Configuration

Configuration control may break down. Configuration documentation no longer cor-
responds to the actual product. Unexplained differences appear between as-designed,
as-planned and as-built BOMs. Increased scrap, rework and stock result. Incomplete
products are assembled and delivered. Field problems are difficult to resolve as
nobody knows exactly which parts the product contains.

5.3.1.9 Definition of Data

Data needs to be clearly and correctly defined.When there’s not a standard definition
of the data associated with a particular part or product, each user (and application
program) can have a different definition of the data, and all the definitions can be
different. Different departments may even use different numbering systems.

If there’s more than one definition of something, such as the name of a product,
then people will be bewildered. Yet, the same item of product data is often defined
differently in different parts of a company. And in different parts of an Extended
Enterprise. This results in confusion and waste when product data is transferred
from one part of the organisation to another, or when people in different parts of the
organisation work together.

Multiple definitions lead to errors, and wasted time and money, yet many compa-
nies have several different definitions of some data items. A CAD programmay have
one definition of a part. A part programmermay redefine it. A stress analysis program
may use a third definition. In the Bill of Materials, the part may have another defini-
tion. It may be redefined for inspection, and again in assembly instructions. Unless
the company has introduced strict procedures ensuring that all these definitions are
equivalent, there will probably be minor differences between them. These will lead
to confusion when modifications are made to the part, or if an attempt is made to
reuse the part in another product or design. Since the definitions aren’t identical, the
result of a modification to one definition may not be the same as the result of the
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same modification to another definition. Special software may have to be developed
and maintained to allow each user to continue working with their own definition.

5.3.1.10 Duplicate and Redundant Data

A lot of product data will be held in duplicate. Most people don’t fully trust “the
system” and, to protect themselves, keep their own copies of data, and try to stop
other people accessing, and perhaps changing, “their” data. As a result, groups of
users often have different copies of what should be the same data. A design engineer
will have a copy of some of the information that’s used in production planning.
Copies of some of the information used to generate NC programs will be kept by
both design engineers and manufacturing engineers. Maintenance engineers may
want to keep “their” drawings at their fingertips so that they can respond quickly to
urgent customer calls. Most of this information will also be stored elsewhere in the
company.

Some data will be duplicated in many documents. For example, the name of a
product will be entered on many documents. Similarly, the name of a project will
be entered on many documents. The characteristics of a product will probably be
entered many times. Creating duplicate data wastes time and can lead to errors.

5.3.1.11 Exchange of Data

Product data often needs to be moved from one locale to another. It may be com-
municated from one person to another, or exchanged between one application (or
representation or owner) and another. As product data may be represented in dif-
ferent ways in different applications and media, there may be problems when it’s
transferred from one representation to another.

Part descriptions and Bills ofMaterials developed with a CAD application may be
manually transferred to anERPapplicationon a computer that’s not linked to theCAD
computer. The Manufacturing BOM may be different from the Engineering BOM.
The CAD and ERP applications may be the responsibility of different organisations
in the company. The change processes in the two organisations may be different
and out of step. At a particular time, a given change may have been made in one
application, but not in the other. As a result, some users may not have immediate
access to the most up-to-date information.

5.3.1.12 File-Based Data

Computers have been used in the product development, manufacturing and support
environment since the 1950s. The earliest applications of computers in this environ-
ment were point solutions, creating “Islands of Automation”. The data that an Island
of Automation required and generated led to the creation of an Island of Data. The
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users of applications are much more interested in real objects, such as products and
parts, than in the structure and format of data in files. Only too often though, infor-
mation on the real objects is only available after wading through, and understanding,
many sets of files. Again, this represents a waste of time.

In the file-based environment, it’s often difficult to maintain information on the
almost limitless number of relationships between information in different files. For
example, one file may contain analysis results on a part in a second file that was
subjected to forces specified in a third file. The second file may also contain the
geometry model of another part. A dimensioned drawing of this part may be stored
in a fourth file. When the second part is modified, a fifth file may need to be created
with the corresponding dimensioned drawing, but because the first part may not have
been modified, it may not be necessary to repeat the stress calculation. Probably, the
file will contain no indication of whether or not the first part was modified, so the
stress calculation will be repeated, generating a sixth file that’s identical to the first
file. In the real environment, inwhich therewill be thousands of files, it’s very difficult
to maintain the correct information on relationships between files.

5.3.1.13 Formal Description

It’s important to have a formal description of product data. Unless product data is
clearly and consistently described it will be difficult to manage and to improve. The
formal description needs to be documented and communicated.

In many companies though, there isn’t a formal description of product data.

5.3.1.14 History

At any time, it may be necessary, for any one of a variety of reasons, to look back
at the design of a particular part or batch. A batch of cookies may be inedible. The
manufacturer will want to look back to see what the ingredients were, where they
came from, how they were used. Based on this information, the company can take
appropriate action. In other cases, a batch of airbags may be faulty, or a part may
have failed on a 40-year-old aeroplane.

5.3.1.15 Identification and Classification Systems

There’s so much product data that special identification and classification systems
have to be used to keep track of it. Unique numbers are needed to identify every spec-
ification, drawing, list, test procedure, operating manual and other documents which
defines the functionality, physical construction, and/or performance of a solution,
product, component, assembly, sub-assembly or part.

Many issues can arise with numbering systems, for example, when a numbering
system runs out of digits, or when two companies with different numbering systems
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merge. Or when a customer has special requirements for numbers. Or when a com-
pany receives one number for a part from a supplier, and another number for the
same part from a sub-supplier.

5.3.1.16 Inconsistent Data

Product data from different sources may be inconsistent. For example, some data
about product performance may come from the sales organisation. Other data may
come from the service organisation.The twoorganisationsmaybeusingdifferent data
collection techniques and different applications, and focusing on different parame-
ters. The resulting information may be contradictory. Some information may show
increasing customer satisfaction. Other information may show decreasing customer
satisfaction.

5.3.1.17 Incorrect Data

Mistakeswith product data canbe expensive. For example, if incorrect documentation
is created, the wrong tooling may then be developed, and wrong orders placed with
suppliers. The longer it takes to discover that thewrong informationhas been released,
the more costs will be incurred and time wasted.

5.3.1.18 Informally Annotated Documents

Documents, both manual and electronic, are often annotated informally. Manual
documents can be annotated using a pen or pencil, electronic documents by typing
on a blank part of the document. The document author has an important comment to
add, or perhaps wants to reference another document. However, in many cases, this
important information will be lost forever. Nobody else will even know that it exists.

5.3.1.19 Informal Communication of Data

Informal communications are developed between departments to cope with the lack
of suitable formal communications. Few records will be kept of this type of product
data transfer and, in the absence of a particular individual, it may be impossible to
find any vestige of important product-related information.

5.3.1.20 Input of Data

Data entry needs to be carefully controlled. It’s easy to type the wrong character
or copy the wrong file. Data is easily lost and may be impossible to retrieve. Then
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it’s re-created and errors may be introduced. The wrong product goes to a customer.
When a defective part is found in the field, unless data was well organised, many
more products than necessary have to be recalled. Often, information about problems
with product use isn’t fed back to developers, with the result that they design the
same problems into the next generation of products. Design history isn’t maintained,
so it’s difficult to build on previous experience.

5.3.1.21 Interoperability

In the context of PLM, interoperability is the ability of applications to meaningfully
exchange product data without human intervention. The top management of prod-
uct companies would like all applications to be interoperable, as this would increase
freedom, choice and functionality. However, one way for a software vendor to con-
trol the market is to limit interoperability between its applications and those of other
vendors, in the hope that this will lead customers to choose only its applications.

5.3.1.22 Languages

Product data may need to be available in several languages. For example, if you buy
a sandwich in a closed wrapper, you’d like the name of the sandwich and the list of
ingredients to be visible somewhere in a language you can understand. Otherwise,
you won’t know what you’re buying, or what you’re going to eat. That can be a big
problem if you’re allergic to some foodstuff. However, there can be issues with exact
translation, with translation of translated text, and with changes to texts in different
languages. Many words don’t have exact equivalents in all other languages.

5.3.1.23 Level of Detail

The level of data definition changes throughout a product’s lifecycle. In early stages
of the product lifecycle, there’s little data available. The level of detail increases as the
product is developed and used. Once the product has been shipped to the customer,
the level of detail may fall. The definition of the product doesn’t have to be identical
at all stages, but it does have to be consistent.

5.3.1.24 Library of Data

It can be useful to build up a library of standard data, for example, on standard parts or
ingredients. This will enable reuse of data. However, if some users don’t like what’s
in the library, they may keep their data outside the library, or even make another
library. To avoid this, it has to be agreed which data is to be stored in libraries, what
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Analytic models Analysis results Assembly drawings As-built configuration Bill of Materials
CAD geometry Consumables lists Cutaways Engineering drawings Change data
Costing data Customer requirements Disposal lists Design specifications Cutsheets
Equipment logs Equipment data sheet Exploded views Factory layouts Failure reports
Flowcharts Formulae Functional specs Label information Ingredients list
Line lists Machine libraries Maintenance info Material certification Mounting data 
NC programs Packaging standards Parts classifications Parts lists Patent reports
Photographs Pipe specifications Pneumatic diagram Process model Project flows
Project plans Process plans Purchasing data QA records Recipes 
Regulatory rules Results of calculations Schedules Sensor readings Service lists
Service manuals Shop floor instructions Simulation results Sketches Software
Spare part info Specifications Standards Standard costs Status logs
Test data files Technical publications Test results Tool designs User guides
User manual Validation reports Versioning data Wiring diagram Video files

Fig. 5.25 Examples of product data

format it will be in, when it’s to be created, who can access it and perhaps most
importantly, who can modify it and when.

Problems can arise with references made in old products to library data when that
library data has to be updated. In some cases, it may be better to stay with the old
library data for old products. In others, it may be better to bring old products into
line with the updated version of the library.

5.3.1.25 Locality of Data

There can be a lot of product data in a company (Fig. 5.25). It can be found in many
places. It can be in a database, in an application, in a file, in a drawer, on a piece of
paper on someone’s desk, in someone’s head. The users of product data may be in
the same building, or in the same plant, but they could also be in different locations in
different countries, or even on different continents. Product data will be distributed
over several locations. Copies of each individual data item may be kept in several
storage places.

Some of the users of the data will be inside the company, others in other organi-
sations (such as suppliers, partners, customers and regulatory bodies).

5.3.1.26 Long-Life Data

Product data supports the product across the product lifecycle. In some cases, for
products such as power plants and aircraft, the overall product life may be more than
fifty years. During this time, there will be a huge volume of data generated, first to
ideate, design and manufacture the product, and then to support its use.

Product data must be capable of outliving the people, applications and computers
that generate and process it. It may even have to outlive the companies that generate
and process it. This is imperative, particularly when the product has a long lifecycle,
and/or can have long-term effects. Examples of such products include aeroplanes,
offshore platforms, weapon systems, pharmaceutical and medical products, ships
and process plants.
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For many products, the support cycle is longer than the design and manufacturing
cycle, and may produce correspondingly more data. Technical manuals will have to
be first produced and then kept up to date, perhaps for decades. Spare parts will have
to be ordered and manufactured. For each maintenance job, information will need to
be available on the handling tools and the required skills. Product specification data
may need to be given to second sources. Data supporting repair and replacement will
be needed. Field data needs to be managed. Performance data needs to be maintained
so as to be able to plan preventive maintenance.

A lot of datawill be produced during a long product lifecycle.Many users, perhaps
in different companies, will want to access the data. Each will want the data to
be available in the most suitable place and format. Different types of data will be
produced and needed at different times. New data will be produced, existing data
will be reused and perhaps modified. Over a long life, the product may be repaired or
upgraded to such an extent that most of the original product will have been replaced.

5.3.1.27 Manuals

There may be specific problems with manuals. User Manuals may be difficult to
understand, apparently written by people who haven’t used or seen the product.
Translated into other languages by people with little knowledge of the product, or
its associated vocabulary, they become even more difficult to understand.

Technical manuals may not be updated sufficiently frequently, and become out-
dated. Logistics support data can get out of control. Inadequately documented config-
urations becomemore and more difficult to maintain. Spares replenishment becomes
inaccurate, and inefficiencies occur in spare parts management.

5.3.1.28 Media

Product data are on a variety of media. Some of the data may be on traditional media
such as paper and aperture cards. Somemay be on electronic media. Somemay be on
Mylar (biaxially oriented polyethylene terephthalate) or microfilm. Some data may
be on magnetic tape. Data on different media have to be managed in different ways.
Data on one medium, such as paper, usually has different management requirements
to that of data on other media.

Companies have to keep product data that’s on both traditional and electronic
media for similar periods and similar purposes. Just as some traditional media dete-
riorate over time, some electronic media also deteriorate over time and aren’t suitable
for long-term storage.
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5.3.1.29 Meaning of Data

Raw data often has little meaning, and is of limited use, yet, in many cases, it’s often
only raw data that’s kept. Typically, the data that’s maintained on a product, such
as a machine, will include CAD files, some drawings, Bills of Materials and some
information on the manufacturing process. Little information will be maintained on
user needs, the process that was used to develop the data, or the various choices and
activities that took place during the design cycle. Most of that information will be
lost and forgotten. The next time that similar activities are carried out, it won’t be
possible to benefit fully from past experience, and development will start again from
scratch.

5.3.1.30 Missing Data

Part costs may be difficult to estimate. Often there’s no relevant data available to
provide a basis for calculation. When some data is found, it’s seen to be inaccurate
or outdated. When data from different sources is brought together, it may conflict.
Or it may not make sense.

5.3.1.31 Navigation to Data

From one piece of data, people want to be able to get to (to navigate to) related
information. For example, knowing a product name, a recycler may want to find a
list of dangerous components. Unless the navigation path has been defined, the list
will be difficult to find.

5.3.1.32 Ownership of Data

Traditionally, it’s been made clear, through organisation charts, which human
resources belonged to which part of a company’s organisation. It’s been less clear
which information belonged to which part of a company’s organisation. The real
ownership of product data is often unclear. Even within a particular part of the organ-
isation, such as the Engineering Department, it may not be clear who are really the
owners of information. Designers, analysts, drafters, coders, supervisors and man-
agers will all have their own ideas as to ownership of information. Theywill probably
be willing to defend what they see as their property if anyone suggests that ownership
of the information should actually be assigned to somebody else. But, although they
may want to enjoy some of the benefits of owning the data, they may be less willing
to accept the responsibilities of maintaining it properly, and making it available in a
suitable form when it’s needed by others. Outside the company, similar ownership
issues arise when product data is shared with partners, contractors, suppliers and
customers.
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5.3.1.33 Processing of Product Data

Data is processed in many ways. The best way for processing and managing any
one of the many different types of data may not be the best way of processing and
managing another. If users want optimum performance, they will suffer from not
having a common approach. If they prefer a common approach, they won’t have
optimum performance.

5.3.1.34 Project Data

Project and resource management tools should be linked to product data, but often
they aren’t. Unintended overlap in data and project activities results, wasting time and
money. To avoid this, the activities may be run in serial, lengthening project cycles.
Design Rules and procedures may be ignored because there’s no way to enforce
them. Project planning exercises can’t draw on real data from the past, but are based
on over-optimistic estimates. Project managers find it difficult to keep up to date with
the exact progress of work. As a result, they are unable to address slippage and other
problems as soon as these occur.

5.3.1.35 Reinvention of Existing Product Data

Manual transfer of data introduces errors and wastes time. It can take so long that
users may decide it’s not worthwhile. Instead, they may work with out of date, or
incomplete, data. For example, an engineer may not be able to get cost data directly
from the product costing application, or product quality data from field support
applications, so will develop a design without taking sufficient account of cost and
quality information. The resulting design will probably be of lower quality than a
design built on the basis of full understanding of cost and quality information.

If it’s difficult for users to access data that’s not readily available, then, rather than
searching and waiting for it, they may prefer to reinvent it.

5.3.1.36 Relationships Between Data

There aremany types of relationships in the product lifecycle. There are relationships,
for example, between products and parts, between parts and data, between one part
and another and between parts and processes. There may be relationships between
the parts of one product and the parts of another product. There may be relation-
ships between parts and development projects. There may be relationships between
apparently separate product development projects. There are hierarchical relation-
ships linking parts to a product. Bills of Materials, parts lists, assembly drawings and
where-used lists contain information on such relationships. The various types of data
(such as specifications, drawings, models, test results) supporting a product need to
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be related. A component may only fit a particular variant of a particular product, an
engineering drawing corresponds to a particular part, an NC program corresponds
to a particular version of a part.

There are relationships between activities. In some cases, for example, the design
of a particular part may only be started when the design of other, related parts has
been completed. Data needs to be linked both to its source and to derived data. It
also needs to be linked to the activities that create and use it. Users need to be able
to navigate through the various relationships and links.

Information on the procedures used to develop a product needs to be related to the
product and to the activities. Similarly, information on the procedures that should be
followed for new products should be linked to the activities and the data.

Information needs to be maintained on the reasons why choices were made
between competing designs. Relations need to be maintained between different
designs, selection criteria and decisions. If the selection criteria can be retained,
they can be used to help make better choices in the future. If the context within
which a particular design was chosen is clear, it may be obvious how the part should
be made.

In the absence of the right inks between the information and the task that creates it,
it’s impossible to get real control of the environment. This is true from the technical
point of view where information concerning relationships, such as selection criteria
for alternatives, is lost. It’s equally true from the management point of view, with the
result that product development doesn’t occur as efficiently as it could.

In addition to the wide variety of relationships, added complexity arises due to
changes that occur in relationships as product development takes place. For example,
an ingredient that was previously used in three recipes may, in future, be used in a
fourth recipe. A part that was originally expected to be made of metal may instead be
made of plastic. Similarly, the relationship between logic changes and Printed Circuit
Board (PCB) designs needs to be maintained so that changes in the logic are reflected
in the board. Parts of a design may be due not to structural or aesthetic reasons but
to the manufacturing process that will be used. A part that has been designed to be
cast, may have features that are completely unnecessary if, in future, the part is to be
machined.

Information concerning the completeness of a design needs to be maintained
from the perspectives of functionality, constituent parts and necessary activities.
If a particular part is replaced, it should be possible to identify what’s needed to
maintain completeness. A “missing” relationship may be as important as a “present”
relationship. Comparative relationships such as “duplicate” are needed, for example,
to prevent development of identical products.

5.3.1.37 Representations of Product Data

An entity may be represented in different ways. For example, a circle may be repre-
sented by three points on its circumference in one CAD application, but by its centre
and radius in another CAD application. A line may be represented by a vector in



190 5 PLM and Product Data

a CAD application, but by a set of points in a rasterised representation. The same
object may exist electronically in one representation in a spreadsheet, and in another
representation on a piece of paper.

Different users will want to look at, and work with, different representations of
data. Sometimes, the representations will make use of the same data type. At other
times, even the data type will be different. In all cases, the representations must relate
to the same underlying data. Modifications have to be made to the underlying data
and not to the more superficial representation.

At different times, a user will want to work with different structures of data.
Different users will want to work with different structures. Different users will want
to work with different hierarchical levels within a given structure. Different users
will want to include the same part in different functional or hierarchical structures.
Engineering, Accounting, Production Management, Assembly and Recycling may
all have different requirements for Bill of Materials structures.

The structures and levels have to be consistent. At the lowest levels, the data
will be in the form of bits and bytes. These may represent numbers, characters,
sounds and lines. At the next level up, these may represent geometric information,
or information about a material or a colour. At a higher level, this information may
actually represent a part, which in turn may be a component of an assembly such as
a wing flap, which in turn belongs to a wing, which in turn belongs to an aircraft.
Each level of the structure is of interest to particular users. The machinist drilling the
holes for the bolts that attach the wings of an aircraft to the fuselage, wants to know
the exact position of the holes and any deviations during drilling, and isn’t interested
in the aerodynamic qualities of the wing.

One user may need a bottom-up structure of the product, starting with nuts and
bolts and small parts, and then working upwards through larger components and
assemblies.Another usermay require a top-downstructure, startingwith the complete
product, and then working down through the major assemblies.

Some users will be happy to work with two-dimensional data. An engineer laying
out a single PrintedCircuit Boardmay not need to take account of the third (thickness)
dimension. On the other hand, a stylist defining the shape of a car wing will, at some
time, want a full three-dimensional representation of data. Other users may need to
work with both 2D and 3D representations, and want a modification to one of these
to be reflected immediately in the other.

A related issue is that of a drawing of a part on paper that’s electronically scanned,
and then converted from raster format to CAD vector format. The three representa-
tions of the part are different representations of the same object. Each representation
can play a useful role in the product lifecycle. An analyst may need to use the CAD
model. A machinist may need a rasterised picture of a part on a shop floor terminal.
A maintenance engineer may have to make a major repair on a customer site, and
may need to take a paper drawing to the customer site. Procedures have to be in
place so that the different representations can co-exist, and so that any necessary
modifications can take place. Any modification made to one of the representations
has to be reflected in the others.
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Under their own data management functionality, different applications may store
the same data in different formats. For example, one CAD application may represent
a circle by its centre and radius. Another application may represent it by three points
on its circumference. A third application might represent it by its centre and two
points on its circumference. Even applications that use the same representation may
physically store the data differently. One application may store it in the order x-
coordinate of centre, y-coordinate of centre, radius, whereas another application
may store it in the order radius, x-coordinate of centre, y-coordinate of centre.

For one application, 10-11-12 may mean 10 November 2012, for another
application it may mean 11 October 2012, or 12 November 2010, or 11 Decem-
ber 2010. And 10 November 2012 may be acceptable to one application, but not
November 10 2012.

5.3.1.38 Rules Shortfall

Years ago, in days of paper documents and life-long employment, there were super-
visory staff to explain the rules to newcomers and check that their work kept to
the rules. In the early twenty-first century, new hires are expected to start work at
their workstations, or on their smartphones, and be productive immediately. There’s
nobody to explain whatever rules may govern their work. So they start working and
do their best. Not knowing the rules, assuming there are some, they make basic mis-
takes, such as leaving a space in a product name where the company doesn’t leave
a space. Or capitalising where the company doesn’t capitalise. Or using a table in
Word, where the company usually uses Excel. Once small errors like this get into the
system they’re unlikely to be corrected. However, they lead to a waste of time and
effort later as other people try to find and use the information.

5.3.1.39 Searching for Data

People can easily waste a lot of time looking for product data. Sometimes they’re
even unable to find the data they need. And, if they do find it, it may not correspond
to the actual state of the product. Developers may be unable to rapidly access a
particular design among the mass of existing designs. To find specific information,
they may have to search through many paper and electronic files. Studies show that
design engineers spend up to 80% of their time on administrative and information
retrieval activities. Rather than searching for hours to find an existing design that they
can reuse, they may develop a new design which is almost identical to an existing
design. Then, unnecessary supplemental costs are generated as the new design is
taken through all the activities necessary for manufacture, and then supported during
use.

Within individual engineering activities, the percentage of time that individuals
spend looking for, or transferring, information is high. For many, otherwise pro-
ductive, individuals it may be 30% or even 50%. As time may also be taken up by
management tasks, the time actually spent on the functional activity may only be
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about 30%. In addition, in many companies, there are technical “liaison” staff who
spend 100% of their time looking for information that should have been transmitted
by other departments.

5.3.1.40 Security of Data

Product data is valuable and should be kept secure. For various reasons, such as its
volume and its easy communication by e-mail or the Web, it’s not easy to maintain
product data secure. It would be easier if security rights were always the same, but
they often change during a product lifecycle. In addition, users may have different
rights on different projects and products. For example, some designers may not have
the right to see some financial information, and some maintenance staff may have
limited access rights to the detailed designs of particular parts.

At the level of the data itself, there’s a need to provide better security, control,
access and protection. Although data is so valuable, it’s often very easy for users to
mistakenly destroy, or lose, data. One company I worked with actually lost all its
CAD files. A combination of very unusual events led to all files, copies, backups
and archived files being lost. Another company lost the files it had created over the
previous 2months.When it tried to restore them, it found that the backup functionality
only worked correctly in certain circumstances.

Theneed to provide full protection of data has to be addressed alongside the need to
make data available immediately to authorised users. At different times in the product
lifecycle, data should have different levels of protection. Until a design is released,
a design engineer may be free to modify it. After release, manufacturing engineers
shouldn’t be allowed to make “improvements” without following the correct change
procedures. At times, the situation will be complicated by the need to share data
among several users each of whom has different access rights.

5.3.1.41 Sources of Product Data

Product data is created in many functions, and is used in many functions. Some data
is created in one application, other data in other applications. Some product data is
created during development, some is created later. Some of the data is used during
product development, some is used elsewhere. Some of the data will be created in
the company, some will be created by suppliers and customers. Some of it may be
printed out on paper, some of it may stay in electronic files and databases. Often,
a lot will be in files created by word processing applications (such as MS Word),
spreadsheet applications (such as MS Excel) and other applications such as CAE,
CAD and CAM. Whatever source it comes from, it has to be managed.
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5.3.1.42 Software

Theremay be specific problemswith data representing a product’s software. Onboard
softwaremay not be documented sufficiently.Modificationsmay bemade to software
without appropriate change control.

5.3.1.43 Standards for Data

There are standards for product data. The most well known of these is the ISO
10303 set of standards (STEP, the Standard for the Exchange of Product Data). The
STEP standard enables exchange of data between many applications. It includes
many Application Protocols (AP), addressing the needs of particular industries and
particular activities. For example, AP 215, AP 216 and AP 218 address product
data for ships. AP 236 addresses product data for furniture. Other standards include
ISO 14306:2012 “Industrial automation systems and integration—JT file format
specification for 3D visualization”, and EN 9300 standard for “Long TermArchiving
and Retrieval of digital technical product documentation such as 3D, CAD and PDM
data”.

5.3.1.44 States of Data

Product data can be in various states. These states include in-work, in-process, in-
review, released, as-designed, as-planned, as-built, as-installed, as-maintained and
as-operated. The lifecycle of an object, such as a part or a drawing, can be described
by these states and the transitions between them.

Different rules apply to access and modification of data in different states. In early
stages of development, data is frequently modified, whereas once it’s been released
it’s much more stable. Users may need to work at any time with product data that
are in different states.

5.3.1.45 Structure of Product Data

A product, or a plant, may be made up of assemblies, sub-assemblies, components
and parts. Another productwill bemade up ofmany ingredients. Product data, such as
Bills ofMaterials, recipes and goes-into lists, describe the structure and relationships.
This structural data has to be managed.

5.3.1.46 Tabulated Documents

Tabulated Documents make life easy for the person who creates them. For example,
instead of making 12 separate drawings, each with its own name and identifier, of
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similar parts, they make a drawing of one of the parts. Then, on the same sheet, they
create a table showing the characteristics that change from one part to another. The
one drawing they make has one name and identifier. The document creator may have
saved a few minutes by not making 12 separate drawings, but downstream users of
the document waste hours, or even days, creating copies that they can work with.
Downstream, theymay believe that life is simpler if there’s one drawing, with its own
name and identifier, for each and every part. Maybe they’ll photocopy the drawing
12 times so that they can have a drawing of each of the parts. Or, maybe someone will
create the drawing 12 times in the CAD application they have at home. Soon after, the
person who created the tabulated drawing leaves the company. A customer requests
urgent changes to two of the parts. The newly hired replacement thinks it would be
quicker, to avoid going through the company’s time-consuming engineering change
process, to create separate drawings for the two parts. Downstream, they make two
new copies. Now they have the original 12 drawings and the 2 new drawings. Initially,
maybe, that isn’t a problem. But before long, for example, someone downstream
leaves, and other customers start complaining that the parts they’ve been purchasing
for years no longer work properly. Then, more time, effort and money is wasted as
everyone tries to work out why they’re having problems with some of the parts.

5.3.1.47 Traceability of Data

Traceability is a requirement in many industries. For example, consumers increas-
ingly want food to be traceable back to its farm of origin. Food producers see this as
a key element in increasing consumer confidence in food product safety.

An audit trail needs to be kept so that it’s possible to go back in time and see how,
and why, a particular part or product was made. An audit trail shows which actions
were taken on which data. It helps locate errors.

5.3.1.48 Training Deficiency

The PLMenvironment is complex and continually changing. In such an environment,
people need frequent training to keep up to date.Many companies though, feel they’re
under such pressure to respond tomarket changes, that they don’t have time to provide
such training. And anyway, they reason, professionals shouldn’t need training, they
should know it all. Well, the professionals do know a lot about their subject matter.
But often that’s not where they need training. More likely, they need training about
the changes in the way the company operates as it responds to market changes.

5.3.1.49 Type and Format of Data

Product data exists in many different forms. There’s text data (specifications, sched-
ules, process plans, manuals, project plans), numeric data (descriptive geometry,
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formulae, results of analytic experiments and calculations, computer programs),
graphics data (photographs, drawings, sketches) and voice data. Within each of these
different types of data, there may be different subtypes. For example, some of the
graphics will be in vector form, some will be in raster form. The materials on which
data are stored will be of different sizes. Paper will be of various sizes. Paper from
different countries may have different sizes such as ANSI A and B in the US, and
ISO A3 and A4 in Europe. Electronic storage devices will be of various sizes.

Some of the product data in the PLM environment will actually be computer
programs. Among the programs that may need to be managed are those that are
components of products (onboard programs, programs developed to be used within
the company’s products). Other programs that may need to be managed are those
used to define and support the product, such as CAD.

5.3.1.50 Update Frequency of Data

Different types of data may be updated with very different frequencies. Some data on
existing products may not be changed for years. On the other hand, software under
development may be changed several times per day.

5.3.1.51 Users of Data

There will be many users of product data. Product data will be used by many people
in many different functions and at many different locations. They may be working
on the company’s premises. They may be working for a supplier, a partner, or they
may even be the final customer of the company’s product. Product data has to be
made available to all these people. At the same time, product data must be protected
against unauthorised access.

Product data will be used and shared by several departments and functions. A
lot of product data will be created in R&D and Engineering Departments, but the
information will also be created and used in the Manufacturing, Marketing, Finance,
Sales, Support and Recycling Departments. Some of the data will be with design
engineers, somewithmanufacturing engineers, somewith production planners, some
on the shop floor, some with service engineers. Some data will be with the customer,
and some with suppliers. Some may be created by customers. Some may be created
by suppliers. Wherever the product data is, and whoever it’s with, it needs to be
managed if it’s to be used effectively.

5.3.1.52 Uses of Data

Across the product lifecycle, many people, such as machine operators, salespeople,
coders, customers and recyclers, will work with the product. They’ll be involved in
different activities. They’ll want to work with the product in the most appropriate
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way for their activity, and they’ll want to work with the most appropriate structure of
product data. Some users maywant to work with a list of what’s in the product, others
may just want a list of what has to be ordered to manufacture it. The different data
structures have to be coordinated to avoid information loss when data is exchanged
between them. Otherwise errors will occur.

Users of product data will be working on a variety of tasks. Depending on what
they’re doing, and their level of computer literacy, they will have different product
data usage and product data management needs. Some will create data, some will
modify it, some will delete it. Others will only want to reference data, perhaps for
management purposes.

Some of the users will be working with advanced concepts such as the creation
of data that will help take Man out of the Solar System. Others will need data to help
them solve more down-to-earth problems like finishing a part before the shift ends.

While different users may have different requirements, they may also have some
common requirements. For example, theymay all want to make use of the same basic
spreadsheet, text processing and electronic mail systems.

Some of the users will have an engineering or science background. Some of
those who don’t have such backgrounds may have backgrounds such as accoun-
tancy, human resource management, marketing and sales. Some of the users will
be customers with completely different backgrounds. Some of the users may be
schoolchildren, some may be retired farmhands.

5.3.1.53 Value of Data Unknown

A company’s product data represents its collective know-how. As such it’s a major
asset and should be used as profitably as possible. Yet many companies ignore their
product data. If $100,000 goes astray in their financial environment, there’s a major
panic. If $10,000,000 goes astray in their product data environment, there’s generally
no panic at all, since most people in the company are completely unaware of the loss.
Manymanagers find it difficult to put a value on their product data. Topmanagement,
in particular, is rarely aware of the extent to which valuable product data is ignored
and misused.

5.3.1.54 Variants and Options

Many products, such as cars, are available with a variety of options and variants.
The definitions and descriptions of these have to be managed carefully. As prod-
uct lifetimes decrease and customisation increases, the possible number of options
and variants increases, as does the required effort to manage their definitions and
descriptions.
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5.3.1.55 Versions of Data

The product development environment is typified by many versions, iterations and
alternatives. Products are made with different models, versions, options, variants,
releases and alternatives. Throughout the development process, designs change,
components are modified, products are restructured and project status is updated
accordingly.

Different versions of the same information, for example the recipe of a soft drink,
will exist. One person may need the latest version, but others may need earlier
versions. People who need the latest version want to be sure that the version they
receive really is the latest, and not an out of date, or superseded, version.

In many companies there are different versions of the document on which a par-
ticular type of product data is captured. For example, customer requirements may be
captured on a standardised form for several years. Then it will be decided that more
detailed customer data is needed, so the form will be modified. A new version of the
form will be developed, but instances of the old form may continue to be used.

5.3.1.56 Versions of Applications

Application software is regularly upgraded by application developers. Each time an
application is upgraded, there’s the risk that the addition of new functionality and
a richer information content will make it impossible to access and use product data
that was created in previous versions of the application.

5.3.1.57 Views of Data

Different users will want to see different views of product data, but many users will
onlywant to see andworkwith oneviewof thedata. For example, amanagermaywant
to see current progress on all parts of a product development project, but not details
of the product design itself. A project engineer may want to check an assembly of
parts, but have no interest in the progress of fluid dynamic or thermodynamic analysis
activities. A drafter may only be interested in an individual part. A company may
only want to give a supplier a very restricted view of its overall database. In all these
cases, while users may want to see different views of the data, and the applications
they use may be different, the underlying data must be the same.

The available views of a product change during its lifetime. In early stages of
development, the product is defined in specifications describing its functionality and
required performance. Later in the development cycle, a top-level design or archi-
tecture is prepared which assigns specific functions to specific parts of the product.
Towards the end of the design process, the physical arrangement of these parts is
fully described, through detailed models, drawings and parts lists. Information is
generated to support the processes of production and test of the product. Information
is also prepared to support the product in operational use. Once the product has been
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Terms Issues

Research, develop, discover, design, ideate, 
imagine, invent, innovate, conceive 

Are they the same? Are the differences clear? In 
what order do they occur? 

Product definition, description, specification Are the differences clear?
Version, variant, release, option, model, revision Are the differences clear?
Product life, lifetime, lifecycle Are the differences clear? 
Prototype, pilot, product Are the differences clear?
Recycle, dispose, retire, reuse, upgrade, refurbish Are the differences clear?
Project cost Which costs are included in the cost of a project? 

Which overhead costs are included?
Number of parts in a product Is it clear which parts are being counted? 

How are duplicate parts counted?
Portfolio Management Which portfolio is being managed? A Product 

Portfolio? A Project Portfolio? 
Date When is 11/10/12? Is that October 11, 2012? Is it 

10 November 2012? Is it October 12, 2011? 

Fig. 5.26 Product and lifecycle mystifusion

manufactured, information on its actual performance in the field will be measured
and recorded.

5.3.1.58 Vocabulary

People in different parts of a company often use different words to describe the
same thing. Sometimes they use the same word to describe different things. Each
department develops its own jargon thatmay bemisunderstood by other departments,
partners and customers. This can lead to mystification, confusion and bewilderment
(Fig. 5.26) as people try to communicate information about an object that’s described
and defined in many different ways in different organisations.

5.3.1.59 Volume of Data

The sheer volume of product data makes it difficult to manage. There can be millions
of objects, descriptions, numbers and words of product data to manage. Estimates
for medium-to-large companies foresee data volumes exceeding 1 petabyte. Since
the creation of several gigabytes of data only requires a few seconds, it doesn’t take
long, even in small companies with only a few users of computer-based product data,
for manual data management techniques to break down. Users soon find that they’re
unable to efficiently and effectively locate data. In larger companies, with several
hundred engineers, thousands of GB of product data may be created and accessed
each week, and the volumes keep growing.

Usually, there’s a lot of product data on paper. And usually, there’s also a lot
of electronic product data. Some companies have millions of paper documents and
millions of electronic files.

As products are customised, the number of possible combinations of parts rises
spectacularly. For the manufacturer, the environment becomes increasingly complex
and hard to manage. As the number of potential product configurations increases, it
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becomes harder to know which configurations are meaningful and can be produced,
and which shouldn’t even be proposed to a customer. It becomes harder to keep track
of the real configurations of individual products. With more and more different prod-
ucts, it becomes harder to make sure that configuration documentation corresponds
exactly to individual products. Yet the customer requires the same after-sales service
on a product that’s unique, as on a product that was produced as one of an identical
batch of several thousand.

5.3.1.60 Workflow

All the activities along the product lifecycle create and/or use product data. They
exist to provide the product data necessary to produce, use, support and recycle the
product. Without product data, there would be no need for these activities.

Each step, or activity, in the activities has its own information needs, information
input and information output. Within an activity, people use information. If informa-
tion is not available, it may not be possible to complete the activity. Often, the end of
an activity is characterised by information being prepared, signed off and released.
Between activities, information is transferred. When an iteration or change occurs
in the activity, corresponding information is produced. Information flow has to be
synchronised with the workflow so that the information is available when and where
it’s needed.

In all but the smallest organisations, product data is created to be used by someone
else. Presumably, the creator of information knows for who it’s being created. Once
created, it should be moved on, it should flow, to the activity that is going to use it.
Since product data and product activities are so closely linked, it’s not possible to
control one without becoming involved with the other.

5.3.1.61 Consequence

With all these issues related to product data, it’s not surprising that product develop-
ment and support activities are delayed for many apparently random and minor, but
cumulatively meaningful reasons. And the resulting product and service quality is
erratic despite prodigious investments in technology, and considerable expenditure
of management time.

5.3.2 Interaction with Other Activities

Product data is not an island, isolated from the rest of the world. It’s closely related
to other PLM components. It’s also influenced by other forces within the company,
and outside the company.
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duplicate data multiple overlapping databases unreleased versions mistakenly used
loss of confidential data incorrect data sent to a customer problems accessing data on old media 
ownership of data unclear knowledge in heads not documented conflicting different copies of the same data
unable to access legacy data difficult data exchange with partners difficult to manage data at several locations

Fig. 5.27 Potential product data-related challenges for a company

Product data is closely related to the other PLM components. A change in product
data can lead to changes in the other components. For example, if the precision of a
test result has to be increased, the application that creates the data may need to be
modified and the application that stores the data may need to be modified. To enable
the change in precision, the test method may need to be changed. The description of
the process, showing how the data is created and used, will be changed. Users of the
data will need to be informed of the changes. The data may be used in a performance
indicator, which may need to be adjusted. Downstream users of the data may need
to make changes to equipment.

5.3.3 Interaction with Company Initiatives

Most organisations have lots of initiatives running. These initiatives may have names
such as Digital Transformation, Digitalisation, Document Management, Content
Management, Concurrent Engineering, Knowledge Management, Business Intel-
ligence, Global Product Development, Innovation, Internet of Things, Industry 4.0,
Corporate Intranet. Product data may be in the scope of many of these.

Each of these initiatives is focused on its own success and tends to see other
initiatives as competitors. It’s likely they will see the PLM Initiative as a competitor
for resources and for successful outcome.

It’s useful to identify the other initiatives addressing product data, find out which
initiatives may be supportive and which will not. Then work out how to work with
all of them.

5.3.4 Generic Challenges and Objectives

The specific product data-related challenges that a particular company faces could
come from several sources (Fig. 5.27).

5.3.5 A Generic Vision for Product Data in PLM

In a PLM Initiative, most companies will want to develop a PLM Vision, a view of
their future PLM environment. The implementation of PLM in different companies
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will be different. However, the vision for the future is likely to be similar. Some
typical contents of a PLM vision for product data are shown below, grouped in six
main sections.

5.3.5.1 Clean, Standard, Process-Driven Data

Throughout the product lifecycle, product data is all-important. It’s all that people can
work with when the product doesn’t physically exist in their environment. Product
data is a strategic resource. Its management is a key issue. It needs to be available,
whenever it’s needed, wherever it’s needed, by whoever needs it, throughout the
product lifecycle. Working closely together, product development team members
will use a common, shared vocabulary and standardised data definitions. To save
time and money, teammembers will want to work together using standard processes,
standard data and standard applications. They’ll also want to work with standard
processes, standard data and standard applications with their suppliers, customers
and partners. Without standards, each data interface between different processes,
applications and documents is a potential source of errors, adding costs and slowing
down activities. Once industry-standard processes are clear, their data and document
requirements can be defined and document definition, use and exchange agreed. A
single common standard template for each document can be introduced across the
extended enterprise.

Feedback about the use of one generation of a product helps improve future
generations of the product. Information from product use and support will be used
in product development.

There’ll be a document describing the common, shared vocabulary and standard-
ised product data definitions. There’ll be a document describing the documents used
to develop and support the product across the product lifecycle.

5.3.5.2 Digital Data

All information will be converted to digital form so that it can be used, managed and
communicated effectively. In PLM, all product data should be either in a data base or
accessed through a data base. Correct and up-to-date digital data about the product
portfolio, existing products and products under development, are needed for short,
medium and long-term decision-making. Digital product data will flow smoothly
through the product lifecycle, and will be available when and where needed.

There’ll be documents describing the product data strategy, product data archi-
tecture and product data model.



202 5 PLM and Product Data

5.3.5.3 Data Management

A Product Data Management (PDM) application will provide people in the product
lifecycle with exactly the right information at exactly the right time. Having digital
product data under PDMcontrol will help achieve the objectives of improved product
development and support. With PDM, it will be much quicker and easier to access,
retrieve and reuse product data. The PDM application will manage all data defining
and related to the product across the product lifecycle from initial idea to retirement.
It will provide controlled access to correct versions and configurations. It will enable
the tracking of product configurations.

5.3.5.4 Legacy Data

The different types of legacy data will be identified. Policies will be defined for
managing them and, where possible, for eliminating them.

5.3.5.5 Data Exchange

A review will be made of the need for different data formats. Where these are found
to be necessary, standard approaches will be implemented for data exchange.

5.3.5.6 Progress with Data, Information and Knowledge

Targets for product data are needed to measure the success of PLM roll-out.

5.3.5.7 Progress Report

A “progress report” (Fig. 5.28) might be written five years after the PLM Initiative
is started.

More than 99.9% of data in use are in digital form. The number of different versions of document 
templates across sites has been reduced to one for each template. All sites use the same document 
template for Product Change Management. In 85% of cases, duplicate data (such as duplicate part 
descriptions) have been eliminated to leave a single clean data element. The target is still 100%.

Fig. 5.28 Reporting progress with product data
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develop a product data management strategy give Product Data training model current product data
develop a product data management architecture improve product data quality model future product data 
plan for activities addressing product data cleanse product data define product data KPIs
develop a Product Data Glossary migrate product data restructure product data

Fig. 5.29 Examples of PLM Initiative projects related to product data

5.4 Product Data Activities in the PLM Initiative

A PLM Initiative takes a company from its current PLM situation to a desired future
PLM situation. More than 90% of the PLM Initiatives in which we’ve been involved
have included product data in their scope.

5.4.1 Product Data-Related Projects

In the typical PLM Initiative, there are usually many projects related to product data.
Some examples are shown in Fig. 5.29. Depending on the Initiative, some of these
projects may run independently. Some may run in parallel, or overlap. Others may
be linked to Initiative projects related to processes, PLM applications and/or change
management.

People in the PLM Initiative who come from different backgrounds may have
very different understandings of the terms used in the product data environment. It’s
helpful to develop a glossary that gives short definitions of the various terms used in
discussions about product data. This will help everyone understand the terms and get
a common understanding. Some training about product data may be useful for some
people in the Initiative as they may never have participated in activities addressing
product data.

5.4.2 Product Data Modelling

In most PLM Initiatives there will be a project to model the product data. There are
many reasons for this (Fig. 5.30).

models are easy to understand models improve understanding of product data 
models require little training models clarify business needs for product data
models are good communication tools models are a good sharable description of product data
models clarify product data structure models allow improvement opportunities to be identified
models are needed for software development models allow many people in the business to be involved

Fig. 5.30 Reasons for making and using product data models
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5.4.2.1 Iterative Approach

An iterative approach is generally taken to the development of a product data model.
The main activities are to identify entities, entity attributes, entity relationships and
cardinality. It’s often helpful to review data models of neighbouring applications as
they may contain some of the same entities. The first attempt at making a product
data model will probably lack detail and be incorrect. However, it provides a starting
point from which further refinement can take place.

5.4.2.2 Involvement in Modelling

Development of models usually involves many people in the PLM Initiative. Involve-
ment in this activity helps them better understand the entities and activities in the
product lifecycle. The relationships between entities, activities, processes, docu-
ments, applications and people will become clearer. They’ll understand the events
that link activities, and identify the major management milestones used to control
them. Involvement of people at this stage will increase their commitment to the
success of the future environment.

5.4.2.3 Characteristics of Modellers and Models

Usually, some of the people involved in the modelling activity have a good grasp
of a particular modelling technique gained in academic or business courses. They
know the rules and try to keep to them. Many people though, haven’t been trained
to use a particular technique. They may not want to keep to any rules. The result is
that models are often produced with elements of different techniques, and are only
understood by those who produce them.

5.4.3 Product Data Improvement

Unless companies take good care of their product data it will slip into decay. Before
long, problems will result. The company will look for solutions. The problems may
be of different types. As a result, there may be several targets for product data
improvement (Fig. 5.31).

improve the quality of data reduce data duplication and redundancy harmonise data across sites
reduce data search time reduce data transfer volumes and time reduce maintenance costs
reduce interfaces standardise data structures enable faster software development 

Fig. 5.31 Targets for product data improvement
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ensure management support set improvement targets
identify the product data improvement strategy map existing product data with experienced modellers
make the plan for product data improvement develop future product data models 
define ownership, roles and responsibilities put data models under change management
take a cross-functional approach maintain the models 
involve Subject Matter Experts from all functions measure the new performance level 
define the existing performance level continuously improve

Fig. 5.32 Success factors for product data improvement

Projects to improve product data may run as part of a PLM Initiative or inde-
pendently. In either case, they are likely to be challenging. Product data is used by
many people. Any changes are likely to upset some of them. Some success factors
for projects to improve product data are shown in Fig. 5.32.

5.4.4 Product Data Cleansing

For various reasons (Fig. 5.33), a company may decide to clean up its product data.
There may be all sorts of problems with the data. It may be difficult to work with
because it’s in different formats and has different levels of detail. It may contain errors
resulting from uncontrolled data entry or transmission. In different systems, entities
may have been defined in different ways. For these and other such reasons, the data
is “dirty”. Some data may be out of date, some redundant, some incomplete, some
formatted incorrectly or wrong. Some may be incorrect, out of range, of the wrong
data type, have an illegal value, duplicate, contradictory, incongruous, conflicting or
use the wrong units.

The goal of data cleansing is to clean up the product data and get rid of all the
problems. Algorithms, data tables and rules are used to find and correct (or remove)
them. Afterwards, there should be a clean, consistent database. Some guidelines for
data cleansing are shown in Fig. 5.34.

product data was incorrectly named input of data was not checked product data is duplicated
product data was wrongly structured product data was wrongly formatted product data is incomplete 
product data has wrong relationships there are many copies of the data metadata is missing

Fig. 5.33 Typical reasons why product data cleansing is needed

review the product data management strategy identify instances of dirty data, validate proposed solutions
clarify ownership of data elements make corrections 
investigate the current state of the product data enrich, where applicable, with missing data
inspect product data to identify data problems check for duplicates, keeping one
review problems to identify sources implement barriers to prevent further data degradation
identify impact on business put in place procedures to ensure data is created correctly
identify potential solutions implement automation to keep out dirty product data
standardise data as required to enable comparisons regularly review and clean product data

Fig. 5.34 Guidelines for data cleansing
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5.4.5 Product Data Migration

For a variety of reasons (Fig. 5.35), product data sometimes has to be moved (“mi-
grated”) from one system to another. The migration usually takes place in several
steps. In some PLM Initiatives, one of these steps will be to clean the data. In others,
where the data is already clean, this won’t be necessary.

An important step of migration is to plan it in detail and be sure that any sources of
a potential catastrophe have been identified. No product data can be lost or uninten-
tionally changed during migration. Acceptance criteria have to be defined so that it
will be possible to judge whether the migration has been successful. Any conversion
or migration algorithms that will be needed have to be identified and implemented.

Once these steps have been taken, the next step is to extract the product data from
its source system. The algorithms can then be applied. Then the data can be loaded
into the new system. Usually, a verification step comes next. This is followed by an
acceptance test. After acceptance, the data can be removed from the source system.

There are several approaches to product data migration. In some cases, a Big
Bang (all at once) approach is possible. Sometimes the migration will take place
system by system, or database by database. Sometimes the migration will be phased,
with different types of data included in each phase. Sometimes a pilot will be run.
Guidelines for data migration (Fig. 5.36) will help find the best approach for a
particular situation.

5.5 Learning from Experience

From experience in many Initiatives, lessons can be learned about success factors
and potential pitfalls. It’s good to be aware of them before starting the Initiative.

implementation of a new system workload balancing harmonisation of applications
addition of data from an acquired company hardware upgrade database structure change
addition of data after a merger software upgrade maintenance

Fig. 5.35 Typical reasons why product data is migrated

clarify the post-migration product data environment define product data cleansing/conversion/migration rules 
review the as-is situation of the product data document the migration tasks, including data cleansing
define targets, strategy and success criteria for migration plan the migration
identify all product data to be migrated start the migration with a small step, involving the SMEs
clarify post-migration approach to maintain quality data test and validate migrated data from the first step
identify product data owners, SMEs and data migrators carry out the full migration
define data roles and responsibilities test and validate migrated product data
train owners, SMEs and migrators as required review results with owners
define product data cleansing/conversion/migration needs get sign-off for successful product data migration

Fig. 5.36 Guidelines for data migration
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5.5.1 From the Trenches

5.5.1.1 Devil in the Details (1)

On one occasion, I was involved with the harmonisation of PLM applications after
one aerospace company had acquired another. Not surprisingly, the two companies
had slightly different product data models for their PDM systems. This led to extra
work when the two PDM databases were merged. One example of a difference was
in the way they treated a part’s material. In one company, the material had been
modelled as an attribute of the part. In the other company, the raw material stock (1
in. Ti rod) was modelled as an entity. There was an “is made of” relationship between
the part and the material.

5.5.1.2 Devil in the Details (2)

I was asked by the two top managers of a pharmaceuticals company to find out why
their Research department hadn’t come up with any new proposals for a few months.
I showed them the PLM Grid (Fig. 5.1) and asked where they thought the problem
might be. One thought that the issue could be in the “People” area. He suggested it
might be related to problems with a new manager who’d been hired a few months
earlier in March. Apparently, he wasn’t liked by his research team. The other said
that the problem could be in the “Organisation” area. He thought it could be “too
much bureaucracy”. Apparently, in February the regulators had requested even more
documentation about research activities. And this was overloading everybody. My
next meeting was with the Development Director. On her PC she showed me the
file in which they received proposals for new molecules from the Discovery team.
I could see that the latest addition was in February, just before the new research
boss was hired. My next meeting was with the new research boss. Actually, it was
intended to be with the boss. But it turned out to be with the boss and some of his
team members. He apologised for not yet being up to speed with everything, but
assured me his team could answer my questions. When I got round to asking about
new discoveries, one of the team volunteered to show me the spreadsheet where
these were logged. Surprisingly, the file showed new proposals in March, April and
May. None of the team knew how the molecules were transferred from the Discovery
spreadsheet to the Development file, so an IT person was called in. They promised
to have the information by the next day. A few days later I heard that there was an
interface program between the Research spreadsheet and the Development file. In
March, IT had moved to new versions of many programs, but nobody had updated
the interface. Now they’d worked until past midnight to fix it, and Development had
the new molecules.
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5.5.1.3 Devil in the Details (3)

I workedwith theOperations VP of one company to improve theNewProduct Devel-
opment process. When we’d finished, he asked me to develop a training program for
people who would work in the process. That went well, and he asked me to develop
a process to link the activities around new product development projects with the
company’s annual planning and budget exercise. As soon as the process existed, it
was used for that year’s planning exercise. After that, he wanted me to complement
the product development process with processes through to the end of the product
lifecycle. Once that was done, he considered I knew the company well enough to
review the Engineering Change Management process. He told me to contact the
person responsible for the process.

I arranged a meeting. The person worked in the Document Management Group.
His office was in a cellar in a building miles away from the headquarters skyscraper.
I told him what I’d been asked to do. He said he didn’t understand as he’d made
a proposal on the same subject to the Operating Committee. But he hadn’t been
asked to present it. When he showed it to me I wasn’t surprised. From the Operating
Committee meetings that I’d attended, I knew the Committee liked to hear about
great new products from highly communicative Product Managers. Not about more
paperwork. He seemed offended when I mentioned this. He told me it was a serious
issue, and Engineering Changes wasted more money each year than was earned from
sales of fairy tale new products. I said I believed him, but the Committee seemed
to prefer great packaging and little content to great content and little packaging. He
said he’d think about it, but I got the feeling he’d already decided what to do.

When I went back to his cellar the following week, I could hardly get in his office.
It was full of cardboard boxes. When I asked what had happened, he grinned and
said the boxes were for our presentation at the Operating Committee meeting the
following week. “Our presentation?”. Yes, we were going to make a presentation
about Engineering Change to the Operating Committee. And he explained that a few
months back, Marketing had decided to upgrade the corporate image, logo, colours
and so on. As a result of which they’d requested a little change to the colour of the
machine identification plate. There were several thousand of these plates. People had
gone towork on changing all the corresponding documents.When they’d finished and
the change was reviewed, the Legal department had told them they weren’t allowed
to change the colour. So they’d had to change all the documents back to the original
colour. I asked if that was what was in the boxes. No, he said, he only had about 10%
of the documents in his office. He’d had to find another place to store the others. For
the Committee meeting, he’d organised a couple of forklift trucks to bring the boxes
into the meeting room. Maybe I didn’t look very well, because he told me, “it’s OK,
the Operations VP says we can do it”. We did, and the feedback wasn’t “not more
paperwork”. It was “fix that process as quickly as you can. We don’t ever want to
hear about something like this again”.
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5.5.1.4 Devil in the Details (4)

As sometimes happens, a car manufacturer calledme in after it had a problemwith an
important customer. In this case, the customer had been loyal for more than 30 years.
But, since receiving the latest model hewas very unhappy. Some time back, after he’d
seen the brochure in his local showroom, he’d gone home and checked the height of
his garage. He’d always had standard 4-door sedans before, but the great new MPV
minivan was much taller. The garage height was OK, he’d have about an inch of
clearance. He was the first in his neighbourhood to take delivery of the new model.
He drove it round for a while so that everyone would see it. Then he went home
and parked it in the garage. Except he didn’t. The MPV jammed under the garage
roof. It was badly damaged and he had to go to the hospital with cervical vertebrae
problems. I found the direct cause fairly quickly. He’d picked up the first version of
the product brochure in the showroom. Between its publication, and production of
the first vehicles, one of which he’d bought, the height had been increased by 2 in.

5.5.1.5 Devil in the Details (5)

A global company in the transportation industry asked us to help with their data
structures. In one country, they had successfully developed a new advanced control
system for a customer. Sales teams in six other countries had picked up the concept
and sold it, with a few adjustments, in their own countries. The system had over
20,000 components, but only about half had been used in all the systems. The “few
adjustments” had usually changed a few thousand parts. Management nowwanted to
find the best structure. This was expressed as maximum use of standard components,
minimum time to propose a new system and minimum cost of customisation.

This is another illustration of the devil being in the details. The starting point was
seven lists of over 20,000 components. What was essential (safety), what were the
variables (length of the transport system, its complexity, reliability), what could be
in common? What could be in a module, what could be in an interface?

5.5.1.6 Devil in the Details (6)

We were asked by a company making plastic products to carry out a review after
their implementation of a PDMsystem.Apparently, some users of the systemweren’t
happy. One of the issues we found was related to the plastic granules used to make
many of the company’s products. The company knew that granules from one sup-
plier’s factory were slightly different from those from the supplier’s other factory,
and allowed for this in production. The service provider hadn’t seen this product
characteristic, so hadn’t allowed for it in the database.
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5.5.1.7 Devil in the Details (7)

Another example of the devil in the details came when a company closed down one
site and moved everything to its other site. Until then, the two sites had been fairly,
but not totally, independent. For example, they used the same PDM system, but with
different data models. One site’s data model was built around an 8-digit number for
the products that the company made. On the other site, the data model was built
around a 10-digit number for the products that the company sold. Years ago, these
choices might have been taken in a few minutes or hours. However, after a decade
of use, they resulted in man-years of harmonisation effort.

5.5.1.8 Mission-Critical Product Data

I worked with a supplier to the Challenger Space Shuttle mission, and watched the
launch on the morning of January 28, 1986. Challenger exploded 73 s after launch.
The seven-member crew died. A Presidential Commission investigated the accident.
It found the physical cause was the failure of the O-ring pressure seals in the aft field
joint of the right Solid Rocket Booster. They weren’t certified to fly below 53 °F. At
launch time, the temperature was 36 °F, and overnight had dropped to 19 °F. The
Commission found that, on the eve of the launch, NASA and the Booster builder
debated whether to operate the Shuttle in the expected cold weather. The engineers
recommended a launch postponement. Under pressure from mid-level managers,
they reversed the recommendation and gave the go-ahead to launch.

5.5.1.9 Product Data in Prior Art

Often, when people think of product data they think of the product definition phase
of the product lifecycle. But there’s product data across the product lifecycle. And
some very important product data exists before the product definition phase. As part
of the defence of his client, we were asked by a patent lawyer to find prior art related
to a rival’s patent claim. Prior art is any information about the idea of a patent that’s
publicly available before the date of the patent claim. Its existence shows the idea
isn’t original. It’s product data in the imagine phase of the product lifecycle. And it
can be very valuable.

5.5.1.10 Product Data in the Operating Phase

We saw another example of product data outside the design phase when an accident
investigator asked for help. The investigator had identified an unusually high number
of scalding accidents with a company’s domestic water heaters in a particular neigh-
bourhood. Although the heaters were all from the same manufacturer, they didn’t
all seem to be the same model. Maybe we could find a common cause? Did these
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heaters share a common component? We found that the heaters involved in the acci-
dents definitely were different models. We reported this to the investigator, adding
that the only commonality we’d seen was that most of the scalding was to the lower
legs, but the water heaters were wall-mounted about 5 ft above the floor. That got
the investigator thinking. He found that the punishment method of one of the local
gangs was to remove a manhole cover and put someone down a steam vent.

5.5.1.11 Unexpected Reaction

A company wasn’t happy with the service provider recommended to implement its
PDM system. The company complained that the service provider wasn’t keeping
to plan. The service provider claimed the company kept changing its requirements.
We were asked to give a neutral opinion. As soon as we started work, we were told
that one of the big issues was electrical multiple-sheet drawings. The company had a
special rule for identifying the first sheet and the continuation sheets. Except that, for
one customer, there was a different rule for multi-sheet drawings. And, implicitly,
there was another rule as some customers refused to accept multi-sheet drawings.

We looked at the data model to see how multi-sheet drawings were going to be
managed. We found the service provider’s Solution Architect had proposed a data
model from a company in an industry sector that didn’t have multi-sheet drawings.
From the names of the entities in the model, we could even work out the name of
the company. The service provider fixed the problem by providing a Senior Solution
Architect who proposed a data model that fitted the company’s requirements.

5.5.1.12 Data Review (1)

Figure 5.37 comes from the report of a review of the data received at a company’s
manufacturing site (“The Site”) from the design engineering sites.

5.5.1.13 Data Review (2)

Figure 5.38 comes from the report of a review of product data throughout the product
lifecycle. The subjects to be addressed were grouped into 20 categories. The relative
weight (1 = low, 10 = high) of each category was defined. For each category, the
current performance (P= Poor, F= Fair, G=Good, V=Very Good, E= Excellent)
was determined.
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Subject Statement

Accessibility Data can be difficult to access as there is not a single database for all information. In 
the extreme case, data must be accessed in five applications, as well as on paper.

Accuracy Accuracy of data is not known. There is no indication as to whether the information is 
a rough guess, or 100% accurate.

Creation The Site creates data using the same applications as the development engineering 
sites. However, it has its own templates.

Change The Site may receive data, review and redline it, and send it back. As there is not a 
common change system across all sites, the next version that The Site receives may 
take no account of the redline.

Common Definition Across the sites, there are not common definitions of documents and data elements.
Communication There are difficulties communicating with design engineering. Frequently, e-mails are 

not answered. Telephone calls are not always returned promptly.
Compatibility Data is compatible. The Site uses the same applications (at the same level) as the 

development engineering sites. 
Completeness Data packages received by The Site are said to be frequently incomplete. A quick 

review of the most recently received packages showed that about half were 
incomplete.

Consistency Data created by the development engineering sites is not consistent. Each has its 
own approach. Also, with the exception of one development engineering site, data 
received from each of the other sites is not internally consistent. Different people on 
these sites use different names, relationships and structures. 

Cost A single hourly rate is applied to everything done by The Site. There is no 
differentiation by task. 

Security There is no control over data taken out of The Site. Also, any data can be sent 
anywhere by e-mail.  

Timing Data received by The Site from the development engineering sites comes in any 
order and at any time. 

Usability Data received by The Site from the development engineering sites frequently needs 
to be reformatted before it can be used. A quick review of the most recently received 
data showed that about 20% needed to be reformatted.  

Value There is no figure for the value of The Siteís data. 
Version Management The Site keeps and manages all versions of data that it receives. The development 

engineering sites use different versioning schemes, complicating The Site’s version 
management activities. For some data elements, it’s unclear which version is the 
Master version.   

Fig. 5.37 Review of data at the manufacturing interface

# Category Weight P F G V E

1 Data across lifecycle 9 x
2 Data archival 3 x
3 Data cleanliness 8 x
4 Data costs and value 3 x
5 Data creation and change 7 x
6 Data definition and model 10 x
7  Data, digital data 5 x 
8 Data exchange (internal and external) 6 x
9 Data feedback 3 x
10 Data, legacy data 4 x
11 Data management (applications) 8 x
12 Data management (human resources) 5 x
13 Data management (processes) 8 x
14 Data metrics 4 x
15 Data objects completeness 9 x
16 Data ownership and responsibilities 10 x
17 Data re-use 4 x 
18 Data security 5 x
19 Data use everyday 9 x
20 Data users 7 x

Fig. 5.38 Review of product data
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5.5.2 Product Data Improvement Approach

We’ve found thatmany companieswant to take a rapid, lean approach to improvement
of their product data. We take the following eight-step approach to product data
improvement (Fig. 5.39).

5.5.2.1 As-Is

We get a cross-functional group of people from the company to document the use,
flow and structure of product data throughout the product lifecycle. We start off
by asking them to identify the types of entities in the PLM environment that are
represented by the product data. This usually leads to a table such as that shown in
Fig. 5.40.

Then we ask them to identify potential locations of the data describing these
entities. This usually leads to a table such as that in Fig. 5.41.

Then we get the team to list, for example, all the paper documents in the PLM
environment. Excel is an ideal support tool for this activity. Different types of infor-
mation about each document can be entered column by column. Examples are owner,
type, title and creation date. The potential states of data can be defined. They may
include in-process, in-review, released and obsolete.

1 Prepare Write down the scope and objectives. Plan the expected activities, taking 
care to include activities such as planning, reporting, interviewing, 
documenting, presenting, communicating and sustaining

2 As-is Document the as-is situation of data. Document its users and its use, 
flows, types and structures. Document objectives, performance 
measures, problems, requirements. Document PDM applications. 
Document other PLM applications that manage product data. Identify 
data-related problems and weaknesses. Identify the causes

3 To-be Define 3 or 4 options for the future improved situation. SWOT to get the 
best

4 Strategy Identify several potential strategies. SWOT to get the best strategy
5 Plan Develop an implementation plan for an initial project, and for further 

rollout phases
6 Communicate Communicate a compelling case for improvement
7 Implement Start small, get some success. Check progress against targets. 

Communicate success 
8 Sustain When the initial project ends, start previously planned follow-on activities

Fig. 5.39 Eight-step approach to product data improvement

products components people processes equipment documents

Fig. 5.40 Examples of entities in the PLM environment

paper documents databases interfaces desks
electronic documents metadata descriptions directories legacy systems
processes applications files archives

Fig. 5.41 Locations of data in the PLM environment
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The team then makes a list of other documents in the product lifecycle. The dif-
ferent types of document are described briefly and their characteristics and volumes
noted. The different types of data are described briefly, with their characteristics and
their volumes being noted. For each data type, and each document type, the most
important attributes are documented. Transition rules between different states of data
are described.

Data flow diagrams are made to show how product data flows throughout the
product lifecycle. The different structures of product data, such as Bills of Materi-
als and parts lists, are described, as are other associations such as product/drawing
relationships.

Owners and users of product data are identified. Access needs, and the rights of
users and groups of users, are described.

Shared and redundant data are described. Data standards and templates are
described. Any data security and data integrity issues are described.

The team makes a picture of the current organisation of the company, from the
point of viewof product data. This shows the number of users and their locations, both
geographically and functionally, and the way they store and communicate informa-
tion. It shows where data is created, modified and stored and how it’s communicated
and shared.

We get the team to create a simple data model in PowerPoint. This shows how
entities such as parts and documents are related to each other. And how they’re related
to the product that’s sold to the customer, and its packaging.

5.5.2.2 Towards To-Be

In addition to documenting, understanding and detailing the existing data and doc-
uments, we get the cross-functional group to describe the problems they face with
product data. As they continue to document the as-is structure and document the
problems they face, they can draw up a picture of things that have gone wrong, and
things that should be avoided in future (Fig. 5.42).

5.5.2.3 To-Be

When the as-is situation of data has been understood, the as-is data and its problems
are documented and analysed. The objectives for the future situation are documented.
The results of the data sub-project up to this point are presented to project sponsors.
This will help keep them informed of progress. It will also give them an opportunity
to give their feedback on the findings.

We then get the team to address improvement of the as-is situation. Many types
of improvement can be proposed and evaluated. For example, the team can make
proposals to improve the quality of product data. Suggestions can bemade to improve
the activities addressing product data. There can be suggestions to clean the data,
removing redundant data and correcting incorrect data. Other improvements can be
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Overproduction Creating product data/documents that will never be used
Recreating product data/documents that will never be used 
Recreating product data/documents that already exist elsewhere 
Duplicating existing product data 
Manually re-entering existing data

Excess transportation Pushing information to everyone on a list, even if they don’t need it 
Unnecessary transportation of documents around the shop floor 
Needless transportation of product data between computers  
Excessive use of cc: on e-mails with long attachments

Over-processing Too much detail in a report 
Too much detail on a design drawing 
Creating data that has no effect on the product 

Inventory Building an inventory of unused information 
Creating speculative part numbers that are never used  
Piling up drawings waiting to be signed 
Making stacks of reports waiting to be read 
Creating data just-in-case

Movement Walking around the office looking for drawings and other information
Searching for data in computer systems 
Journeying to a customer site to collect data

Defects Reports that contain errors
Mistakes on drawings 
Missing fields in data records 
Incorrect numbers and incomplete information 
Erroneous product data model 
Inaccurate data exchange/translation applications 
Erroneous interfaces 
Incorrect relationships in an entity-relationship model

Waiting Waiting for sign-offs
Waiting to read a report 
Waiting for a drawing that is in a bottleneck 
Waiting due to serial, rather than parallel, flow

Fig. 5.42 Examples of product data waste to be avoided

number of different data types volumes of data of each type % of data with no owner
number of documents of each type created annually time spent looking for data level of data reuse
number of times that key data is recreated % of data on electronic media quality level of data 

Fig. 5.43 Examples of potential KPIs

suggested, including the introduction of new technologies, such as a PDM system,
and taking advantage of best practices. We get the team to suggest KPIs (Fig. 5.43).

The options for improvement are investigated and compared by the team. Their
suggestions for the future situation are documented and presented to management.

5.5.2.4 To-Be Data Model

We get the team to develop the basics of a data model for the future situation. It
doesn’t take long to develop such a basic model. The intention is only to highlight
the main entities and their relationships, and to identify the main attributes for each
entity.Wedon’t expect the team to develop a complete, fully detailed datamodel. This
can be done later with the involvement of other people who have the corresponding
specific skills and experience.
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not involving business stakeholders not communicating models outside the modelling group
not involving Subject Matter Experts not reviewing models with business managers
not verifying that models make business sense not questioning data assertions of business participants
not involving participants across the lifecycle not defining rules for modelling (symbols, naming, etc.) 
not being 100% clear when product data modelling not understanding business rationale for product data
not laying out the model in an easy-to-read format not setting clear objectives for data modelling
not having a clear, agreed plan for product modelling not defining the scope of the product data modelling
not modelling with experienced modellers not perceiving models as living, evolving descriptions
not modelling consistently to the same level of detail not giving ownership of data models to the business
not putting data models under change management not mentioning current alternatives (e.g., names, status)

Fig. 5.44 Pitfalls of product data modelling

5.5.2.5 Benefits

Documenting the as-is situation shows some of the problems with data. In one case,
several data items were found to have an annual decay rate of over 40%. In another
case, merging data from three sources, more than 20% of documents were found to
have duplicates. About 11% of data had some kind of inaccuracy. In another case,
over 15% of relationships showed some kind of inaccuracy. Benefits achieved in
sub-projects to improve product data and product data management are impressive.
Performance measures such as data quality and reuse of data have been improved
by more than 30%. Other examples of benefits achieved include a reduction in data
entry cost of more than 10%, and a reduction in data management costs of 15%.

5.5.3 Pitfalls of Product Data Modelling

Product data modelling is a frequent activity in PLM Initiatives. From experience
with many companies, lessons can be learned. There are many potential pitfalls in
product data modelling (Fig. 5.44). It’s good to be aware of them before falling in.

5.5.4 Top Management Role with Product Data

5.5.4.1 Under Control

Management needs to get product data under control. Product data lies at the heart
of the product lifecycle in today’s digitalised, information-based environment, yet
few companies have it under tight control. Product data is scattered across many
locations. It’s on paper, clouds, microfilm, aperture cards, USB flash drives and
computers. People keep several copies of data, and have different versions of what
should be the same data. As companies invest in more and more IS technology, it
becomes even more difficult to maintain control of the company’s product data, a
valuable company resource. It becomes more difficult for companies, which must
comply with legal requirements on traceability, to maintain audit trails so that they
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can track back to the source of any product problems. Many companies need to
be able to provide data about the path of a particular product/ingredient or batch of
products/ingredients from their origin, through intermediate steps, to the customer. It
becomes increasingly difficult for companies to know which is the “master” version
of product data. Is it a computer-based model or a drawing? Is it the scanned image
of a document, or the document itself? As more data is shared with suppliers, similar
questions arise about the master. Procedures have to be defined to show how the two
companies can make changes.

5.5.4.2 High Quality

Management needs to make sure that the product data in use is of high quality.
Without reliable, timely and accurate data, managers and users can’t work efficiently.
It’s difficult to run quality checks on datamoving invisibly round networks, so quality
has to be built-in. This can only be done through the right procedures and a company
culture that disciplines poor quality work. Error creation and propagation must be
prevented. It’s only too easy for a user to introduce an error into product data. Once
the error is in though, it can be difficult to find, and it can be even more difficult to
remove its effects.

5.5.4.3 Complete

Management needs to ensure that its approach to product data is complete. It should
address both existing data and data to be created in the future. The use and man-
agement of product data isn’t a green field activity, and shouldn’t be treated as one.
Most companies have a vast amount of information tied up in existing data. One of
the paramount challenges is to marry the ability to meet current and future needs
effectively with the capability to reuse existing product data.

5.5.4.4 Secure

Management needs to make sure that product data is secure. Individual users may be
worried that a colleague could unintentionally erase their work. Companies may be
worried that access rights granted to trusted suppliers might somehow be discovered
by unscrupulous competitors. Major multinationals transmitting design information
by satellite between sites in different continentswonder how secure their product data
is. Management must make certain that confidential and proprietary information is
protected from unauthorised access. Product data is valuable Intellectual Property.
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5.5.4.5 Available

Management needs to make product data available to users when they need it, other-
wise valuable time will be lost. If management really wants to reduce lead times, it
will have to cut the waste out of processes in which product data is used. Administra-
tive paper-shuffling will have to be abolished. Lean techniques, successfully applied
on the shop floor, will have to be applied throughout the product lifecycle. Product
data must flow smoothly through the organisation. Old habits of spending hours, or
days, looking for data will have to disappear. The product data made available will,
of course, have to be the right data, otherwise, more time will be lost until the correct
version is found.

5.5.4.6 Strategic Asset in the Digital Company

There’s a trend towards operations becoming more information-intensive, and a cor-
responding push to use information-driven processes to support overall business
activities. Another trend is the increased digitalisation of product development and
support activities and the resulting sharp growth in the volume and availability of
digital product data. Together, these make product data a high-value company asset,
requiring top management attention. This leads to awareness of the importance of
product datamanagement, and the advantages that can be achieved through improved
control of product lifecycle activities. Information security, privacy and backup are
key issues.

5.5.4.7 Cross-Functional

Product data is used and reused bymany of the organisational entities within the com-
pany. The approach to its overall management has to be cross-functional. Attempts
made by individual departments (such as design engineering) to create or impose
order will be frustrated by other departments (such as manufacturing engineering)
that may feel threatened by such moves or feel it necessary to assert their indepen-
dence. If this were to happen, the gains expected from an integrated approach would
fail to appear. Management needs to make product data available throughout the
product lifecycle. Product data belongs to the product. It belongs to the company,
not to individual departments.

5.5.4.8 Reusable

Management needs to make sure that product data is reused, and that it’s allowed
to evolve. It takes a lot of time and money to create high-quality product data. It
costs much less time and money to use existing product data. Management needs to
ensure that once product data has been created it is reused in next-generation and
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other products. There’s no point in continually reinventing the wheel, yet products
need to be improved so they continue to meet customer requirements. Reuse of
information was cited as one of the prime benefits of use of CAD, but in practice,
there has been less reuse than expected. The reason has been the difficulty for users,
even if they are aware of suitable existing product data, to find this data. It may be
somewhere on the CAD system, or in somebody’s drawer, or somewhere in a central
drawing store. Few users are prepared to spend hours, or even days, hunting for old
data. Instead, they take a clean sheet, or screen, and develop an equivalent.
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Chapter 6
PLM and PDM

6.1 This Chapter

6.1.1 Objective

The objective of this chapter is to provide an introduction to Product Data Man-
agement (PDM) systems in the PLM environment. The Chapter will help readers
working in PLM Initiatives understand the importance of PDM systems and partic-
ipate in activities related to PDM systems. The chapter also aims to give students
who are studying PLM a basic understanding of the components of PDM systems.

6.1.2 Content

The first part of the Chapter introduces PDM systems, their importance and the
benefits they offer. The second part of the Chapter addresses the eight components
of a PDM system. The third part of the Chapter outlines some common issues with
PDM systems. The final part of the Chapter describes guidelines for, and potential
pitfalls of, PDM system implementation.

6.1.2.1 Skills

Students in classes for which this book has been assignedwill gain, from this chapter,
a basic understanding of PDM systems in the PLM environment. They’ll learn about
the eight components of a PDM system and see why PDM systems are so important.
They’ll learn about the opportunities and potential issues with PDM systems in the
PLM environment of a typical company. They’ll be able to explain, communicate
and discuss about PDM systems.
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the many versions of product data the high volume of data describing products 
the large number of users of product data prevention of access to unauthorised users 
the need to back-up and archive product data maintenance of data required for legal reasons 
the integrity of data the different and changing states of product data 
security and confidentiality of data maintenance of data on products with long lives 
access for authorised users of data the different sizes, types, formats and media of data 
release of product data traceability of data, and traceability of access to data 

Fig. 6.1 Characteristics related to basic data control and management

6.1.3 Definition

Product data management is the activity of managing product data. A Product Data
Management (PDM) system is a computer system, an application, which manages
product data. A PDM system is a very specific type of PLM application. It has the
sole purpose of managing product data.

6.1.4 Relevance of PDM Systems

APDMsystem is one of themost important components of PLM. It canmanage all the
product data created and used throughout the product lifecycle. It can provide exactly
the right information at exactly the right time. Throughout the product lifecycle,
product data is all-important. The PDM system gets this strategic resource under
control, making it available, whenever it’s needed, wherever it’s needed, by whoever
needs it, throughout the product lifecycle.

PDM systems address many characteristics of the PLM environment that are
related to basic data control and management (Fig. 6.1).

In the absence of PDM, people in the PLM environment will find many faults
with the situation (Fig. 6.2).

6.2 Many Names and Acronyms

Like most things in the PLM environment, PDM systems are given different names
by different people (Fig. 6.3).

And like most things in the PLM environment, PDM systems are often referred
to by a 3- or 4-letter acronym (Fig. 6.4).

Apart from PDM systems, there are, of course, many other applications that man-
age product data. For example, ERP applications, product testing applications, Appli-
cation Lifecycle Management (ALM) systems and technical publishing systems all
work with, and manage, some product data. However, the primary purpose of these
applications isn’t to manage all product data across the product lifecycle.
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we can’t manage the rapidly growing mass of product data with our current system. We need a more rigorous 
and powerful system to do it for us. Often data is misplaced, lost or unintentionally destroyed. Sometimes 
people can’t find the data they need. 
when everything was on paper it was relatively easy to manage. Now we have all sorts of data on all sorts of 
media and in all sorts of places. Electronic data, such as CAD files and the programs we put in our products, 
can’t be managed with a paper-based system. It must be managed electronically. 
there are so many versions of data in existence, and it takes so long to keep track of them manually, that 
often people get the wrong version. As a result, all sorts of problems occur. Sometimes the result may be that 
the wrong part or product goes to a customer. 
there are so many users of product data, and they come from so many different departmental organisations, 
that sometimes we get mixed up and send them the wrong data. 
our present product data management system is so slow that we don’t know the up-to-date status of 
information. We don’t know the current status of projects. We generally know what the status was about 3 
weeks ago, but don’t know anything more recent because the information is still working its way through the 
system. Project managers aren’t aware of slippage and other problems as soon as they occur, so they can’t 
address them promptly. 
we can’t be sure that confidential data isn’t leaking out to competitors. Sometimes we don’t know where data 
is, so we can’t control it. Sometimes we communicate it in ways that we can’t control. 
sometimes someone will unintentionally overwrite someone else’s computer files. With our contemporaneous 
practices, it’s difficult to implement an effective, yet user-friendly, system that will allow us to set up the correct 
access rights and privileges to product data. 
there’s so much product data and so many people creating, using and changing it, that we can’t control it. 
Even if we only had one problem in every thousand data transactions we’d still have far too many problems 
each week. 
in the current situation, with our data management system, a given data element is often defined in different 
ways by people in different departments. When the data is transferred, there is a need to reconcile the 
different definitions and to re-enter data. This process wastes time and is a source of error. 
data in different computer applications is often in different formats. When it’s transferred from one application 
to another, it has to be converted. When this is done manually it takes a long time. Time is wasted and errors 
may be introduced. During the transfer, some of the information content may be lost. Errors slip through, and 
may not be discovered for weeks, during which time many incorrect actions and decisions may be taken on 
the basis of the erroneous information. 
in the present-day situation, individuals and groups define data relationships independently. When data is 
transferred, the relationships may be lost, or may be misunderstood, or may have to be rebuilt. As a result, 
errors are introduced, and time is wasted. Examples of the relationships range from complex product 
structures that are defined in different and uncoordinated ways by different departments, to simple 
relationships between sets of data files used by particular individuals. 
configuration documentation may, on occasion, no longer correspond to the actual product. Unexplained 
differences arise between as-required, as-designed, as-planned, and as-built structures. Incomplete products 
are delivered. Field problems are difficult to resolve as the product does not correspond to the documentation. 
New product introduction is delayed by a large number of small problems. Product quality varies, lead times 
get longer and longer, and product development costs rise. 

Fig. 6.2 Issues in the absence of PDM

Document Management System Engineering Data Management System 
Technical Data Management System Engineering Document Management System 
Engineering Drawing Management System Product Data Management System 
Technical Documentation System Product Information Management System 
Master Data Management System Product Knowledge Management System 
Engineering Knowledge Management System Technical Document Management System 
Engineering Information Management System Technical Information Management System 

Fig. 6.3 Some different names for PDM systems

Fig. 6.4 Some acronyms for
PDM systems

EDMS PDM PKM PDMS EKMS PDM/EDM DMS 
PIM TDM EDM/PDM MDM EIM TIM XDMS 
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6.3 PDM System Overview

A PDM system is a very specific type of PLM application. Its primary purpose is to
manage product data. There’s a huge amount of product data in the PLMenvironment
and it’s very difficult to manage. The PDM system is used to keep all this product
data under control. PDM systems are very important. As they manage product data,
they’re positioned just above product data on the PLM Grid (Fig. 6.5).

PDM systems range from simple, off-the-shelf packages with basic functionality
to complex tailorable systems with wide-ranging functionality that can be further
developed to exactly fit a company’s requirements.

There are eight basic components of a PDM system (Fig. 6.6). In different PDM
systems, the functionality corresponding to these components may be distributed
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Fig. 6.6 Eight components of a PDM system
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differently between different modules. And, in different PDM systems, these com-
ponents may have different names. As a result, these components aren’t always easy
to see when investigating a PDM system.

The first component is the Information Warehouse. Product data is stored in the
Information Warehouse.

The Information Warehouse Manager controls and manages the information in
the Information Warehouse. It’s responsible for such issues as data access, storage
and recall, information security and integrity, concurrent use of data and archival and
recovery. It provides traceability of all actions taken on data.

The PDM system requires a basic infrastructure of a networked IT environment.
The infrastructure usually includes computer and communications hardware and
software, a range of graphics terminals, printers, plotters, and other devices. It may
include other data management systems. There will probably be a communications
network that will be used for both local and wide-area communications, and for
both short transfers (such as messages) and long transfers (such as files). Part of
the communications network may be the Internet. Part of the system may be on the
Cloud.

The fourth component of the system is the System Administration Manager. This
is used to set up and maintain the configuration of the PDM system, and to assign
and modify access rights.

Users and other applications access the PDM system through the Interface Mod-
ule. It provides a standard, but tailorable, interface for users. The Interface Module
supports user queries, menu-driven and forms-driven input and report generation. It
provides interfaces for applications such as CAD, ALM, document scanning, elec-
tronic publishing and ERP.

The structure of the information and processes to be managed by the PDM system
is defined by the Product and Workflow Structure Definition Module. The workflow
is made up of a set of activities, to which information such as roles, resources, events,
procedures, standards and responsibilities can be associated.

Once initiated, workflow needs to be kept under control. This is the task of the
Workflow Control Module. It controls and coordinates activities. It manages, for
example, the engineering change process.

The exact structure of all products and information in the system is maintained
by the Information Management Module.

6.4 Importance of the PDM System

A PDM system is one of the most important elements of a PLM solution. It can
manage all the product data created and used in the PLM environment.

Whatever the PLM strategy that’s chosen by a company, it’s probable that the
PDM system will be a major constituent. PDM gets product data under control. And,
unless the product data in the product lifecycle is under control, it will be difficult to
get the product under control.
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The PDM system is used in the management of product data throughout the
product lifecycle. PDM systems provide support, in the complex environment of
PLM, to the many activities of the product lifecycle such as design, sign-off, the
sharing of data between multiple users, the tracking of engineering change orders,
the management of design alternatives and the control of product configurations.

Any system that’s put in place to manage product data must have the functionality
to limit actions on data to what’s allowed, and be sufficiently powerful to maintain
control across the product lifecycle. Yet it must also be sufficiently flexible to sup-
port the changes that typify the product development and support environment. The
system needs to be able, for example to allow partial, or early, release of data. It
needs to allow changes to be made as work progresses. It needs to be able to manage
activities that are still primarily paper-based as well as those that are digitalised. It
needs to be able to handle scanned paper documents as well as the electronic data
created by other applications. It needs to be able to work with different levels of data
definition, and with different representations of data.

At first sight, it may appear that the need for PDM results from the need to man-
age the large volumes of product data generated by computer-based applications.
However, it’s actually the business reasons, the needs to improve productivity and
to respond better to customers, that have become the driving force to achieve better
management of product data. PDM oversees the creation and use of product infor-
mation throughout a product’s life. It’s by improving the use, quality and flow of
product data that PDMmakes it possible to reduce lead times and product costs, and
improve competitivity, market share and revenues. PDM systems offer the potential
for many improvements (Fig. 6.7).

A PDM system can provide exactly the right information at exactly the right
time. Having digital product data under PDM control helps attain the objectives of
improved product development and support in many ways (Fig. 6.8).

better use of resources better reuse of design information better control of engineering changes 
better access to information reduced development cost better support of customer use of the product 
better quality of information reduced lead times improved security of product information 

Fig. 6.7 Potential performance improvements with PDM systems

It’s quicker to access and retrieve product data than it is to access paper documents. 
Costs are reduced. Once the data is in the system it can be displayed on a screen. There’s no need to pay 
someone to get the document. There’s no need to make a physical copy. 
Quality is much better. The information shown on the screen is the information in the computer. 
The data is secure. It doesn’t get torn, it won’t be mislaid, it won’t be the wrong version. 
Information is available almost immediately. There’s no need to wait for a document until someone gets 
back from lunch, or recovers from being sick. 
Time is saved. There’s no need to wait while someone who recently joined the company asks his or her 
boss where a particular document can be found. 
Many problems are avoided. There are no longer issues such as someone else having the document, or 
someone modifying the document but not telling anyone, or someone modifying the entity described in the 
document but not modifying the document. 

Fig. 6.8 Benefits of PDM control
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For most of the product lifecycle, information is all-important. It’s all people
can work with when the product doesn’t physically exist. Product data is a strategic
resource, and its management a key issue.

6.5 Benefits of PDM Systems

Different companies will have different drivers for implementing a PDM system.
Some examples are shown in Fig. 6.9.

The reasons for implementing a PDM system can be divided into two classes. In
one of these, the PDM system appears to alleviate some of the problems that occur in
the product development and support environment. In the other, it appears to proac-
tively and positively impact operations across the product lifecycle. Although these
two classes of reasons can be treated individually, in practice, they’re closely related.
Reasons in the first-class address the resolution of existing problems. Reasons in the
second class go one step further, and address the potential for further improvement.
The reasons can be grouped into eleven categories. In each category, most of the
reasons can be related both to the resolution of current problems and to proactive
improvement of activities across the product lifecycle. The eleven categories, and
examples of benefits in each category, are shown in Fig. 6.10.

6.6 The Eight Components

6.6.1 Information Warehouse

The Information Warehouse stores information regardless of its medium (such as
paper or electronic) or physical location (which could be, for example, in engineering,
in manufacturing, on-site, or off-site). It can handle all the information in the com-
pany, or the Extended Enterprise, thus permitting centralised control of distributed
data. Information only has to be entered once into the Information Warehouse. All
information is indexed and traceable, and can be searched for. The InformationWare-
house acts as a single source for all product information.

The Information Warehouse stores all types of product data. Information can be
of varying sizes and formats. Information may be text, numeric or graphic. It may
have been created internally or externally. Information will be in various states (such
as in-process, in-review, released) depending on its position in the product lifecycle.

centralise data centralise data control eliminate redundant data improve supplier management 
reduce costs improve access to data improve data management Improve product development 
raise data quality  reduce time to market replace a legacy PDM system reduce IS applications number 

Fig. 6.9 Some reasons for implementing a PDM system
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1 Information Management provide a single, controlled vault for product information 
maintain different views of information structure 
provide faster access to data 
manage configurations 

2 Re-use of Information make available existing designs for use in new products 
reduce duplicate data entry 

3 Workflow Management make sure the most appropriate process is followed 
improve distribution of work 
ensure procedures are followed 

4 Engineering Change Management speed up Engineering Change distribution, review and approval  
provide status information on engineering changes 

5 Business Performance Improvement improve product quality 
reduce overhead costs 

6 Business Problem Resolution reduce scrap 
reduce product liability costs 

7 Functional Performance Improvement increase engineering productivity 
reduce inventory 
develop better cost estimates 

8 Product Development Management improve project co-ordination 
increase product development schedule reliability 
provide high-quality management information 

9 Product Development Automation automate the sign-off process 
automate the transfer of data between applications 

10 IS Effectiveness Improvement integrate Islands of Automation 
link data bases together 
remove unnecessary systems 

11 Product Development Infrastructure support product development practices and applications 
distribute data and documents electronically 

Fig. 6.10 Eleven categories of benefits of PDM systems

Information will have various structures which can be stored in the Information
Warehouse. The Information Warehouse can also store different alternatives and
versions.

Apart from product definition data, the Information Warehouse will also store
information such as relationships, workflow models, and product configurations. It
will store computer applications and technical manuals. It will store procedures and
standards. For a given assembly, for example, the Information Warehouse may store
information on workflow models, parts in the assembly, software modules, relations
between the parts, specifications, CAD models, drawings, process plans, tooling
drawings, test results and field information. Similarly, information on hierarchical
structures, such as that of a car and the corresponding powertrain and transmission,
can be stored in the Information Warehouse.

6.6.2 Information Warehouse Manager

The role of the Information Warehouse Manager is to store incoming information
securely and with integrity, to provide controlled access and to protect product infor-
mation. The Information Warehouse Manager manages the Information Warehouse.
It controls and guards the data in the Information Warehouse. The Information
Warehouse Manager allows data to be entered into the Information Warehouse and
retrieved. Once retrieved, it can be transferred, modified and copied.
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The Information Warehouse is sometimes referred to as a repository or a library,
or a vault, or a store. The Information Warehouse Manager is sometimes referred to
as a librarian module.

The Information Warehouse Manager works in a distributed computing envi-
ronment and a multi-organisation, multi-company environment. It must be able to
keep track of information outside the company, for example, information that’s with
customers or suppliers. To support a variety of users and tasks, the InformationWare-
house Manager allows for multiple views of data and multiple levels of data. The
Information Warehouse Manager provides check-in/checkout facilities for individ-
ual files and sets of files. It’s used to set up and maintain parameters describing data
characteristics. It stores and makes available information under allowed access con-
ditions. It provides access to information through a range of permission levels. These
allow access to be controlled by a variety of criteria such as user, product, project,
group, device, state of information, and type of information.

The Information Warehouse Manager limits access to authorised users. Data can
be given a range of classifications from user private to public. Some users will have
view-only rights. Some will be able to copy data. Others to read and write data.
At various well-defined times in a project, or in a product’s life, these rights may
change. For example, once design information has been released to manufacturing,
designers will no longer be able to modify it, but manufacturing engineers will be
able to modify it. The access conditions may change as the data moves through
the product lifecycle. Depending on its status, data may be read-only. To maintain
integrity, multiple simultaneous updates will be prevented.

The Information Warehouse Manager supports private databases (single-user),
project databases (multi-user, linked to project lifetime), and product databases
(multi-user, existing parts). It canmanage information stored in simple files or in hier-
archical or relational databases. It canmanage information on paper. The Information
Warehouse Manager provides security information on all unauthorised attempts to
access data. It can provide an audit trail of all action taken on data. The Information
Warehouse Manager automatically backs up the information it receives and is able
to recover all information lost as a result of computer or human problems. It has
responsibility for systematic and on-demand archival. This may be to electronic or
traditional media.

6.6.3 Infrastructure

The basic infrastructure of the environment includes computers and a communica-
tions network. The PDM system runs in a multivendor computer environment. Some
computers may be in the company. Some may be in other companies in the Extended
Enterprise. Some may be in the Cloud. A variety of data-creation applications such
as recipe formulation, CAD/CAM/CAE, ALM, document scanning, electronic pub-
lishing, structural analysis and process planning will run on these computers. The
infrastructure will probably include workstations, personal computers, tablets and
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smartphones as well as other devices. These may range from smart 3D devices to less
sophisticated 2D view-only terminals. There may be some other data management
applications, such as relational database management systems, in the environment.
The infrastructure also includes other input devices, such as scanners, and output
devices, such as printers and plotters.

The communications network will include both Local Area Networks (LANs)
and Wide Area Networks (WANs), so that information can be communicated both
on one site and between sites. Both short messages and long data files will have to
be transmitted on the network. A message may be only a few words long. On the
other hand, the volume of a data transfer, such as a product description file, will be
much longer.

The infrastructure must be able to handle electronic messages, some generated
automatically as a result of events occurring, that need to be distributed to system
users who may be based locally or who may be far away. They may even be on
supplier or customer sites. Electronic messages could inform users and managers
that an event has occurred and that work on the following task should now proceed.
A message could, for example, inform a supervisor that a design has been completed
and should now be reviewed.

6.6.4 System Administration Manager

The System Administration Manager is the component of the PDM system that
allows the initial configuration and environment of the system to be described. It will
also be used to handle the changes that will occur in the environment.

The specifications of the initial configuration will address, for example, the com-
puters, databases, data storage devices, networks, applications,workstations, plotters,
printers and other terminals within the environment for which the System Adminis-
tration Manager will be responsible.

The SystemAdministrationManager will be used to define users and applications
in the environment, and to define and modify the access rights of individual users.

6.6.5 Interface Module

People and applications will want to communicate with the PDM system. Suitable
interfaces will be needed for both classes of user. In some cases, people will want to
access directly the data management system from a terminal without going through
another application. They may want to query data held by the PDM system. They
may want to look at a part attribute or a workflow description. Users may want to
know what work they should do next. They may want to check on existing parts or
look at test results. The user interface needs to support queries of many different
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types as efficiently as possible. The interface should be common to all the graphics
devices in the environment.

In other cases, the users of the systemwill be applications that store, create,modify,
process, or otherwise make use of data managed by the PDM system. An efficient
and secure interface is needed for access by these applications. The applications
could include recipe development, ALM, CAD/CAM, document scanners, software
development applications, technical publication applications, business applications
and other data management applications. They could also include word processing
and spreadsheet applications. They may exchange large or small volumes of data
with the PDM system. The data could be on the same computer as the PDM system,
or elsewhere.

The user interface should be easy to understand and use without prolonged, pro-
tracted training. People frommany functions will make use of it. It should be suitable
for casual users, yet also offer efficient facilities for frequent users. The interface
should include an online help facility.

The user interface should include bothmenu-driven and forms-driven approaches.
Users should be able to tailor both menus and forms to their own requirements. The
interface should offer report generation facilities. Again, it should be possible to tailor
these to user requirements. Some users may want to view, or to print, information
on products and parts. Others may want to generate reports on project status, change
history, or attempts to gain unauthorised access to data managed by the PDM system.

6.6.6 Product and Workflow Structure Definition Module

The Product and Workflow Structure Definition Module is used to define the initial
structure of a product. It’s also used to define workflows. And it allows these struc-
tures to be detailed as work progresses. The product structure defines the informa-
tion requirements of a product throughout the product lifecycle. There’ll be various
generic classes of information such as ingredient descriptions, assembly drawings,
part drawings, softwaremodules,NCprograms and usermanuals. Each class of infor-
mation will have characteristic attributes and tasks. The product structure describes
the information that’s needed, or is produced, at each phase of the product lifecycle.
The workflow is defined as a set of tasks, characterised by resources, events, associ-
ated information, responsibilities, decision criteria, procedures to be used and stan-
dards to be applied.

Theproduct structure and theworkflowstructure are closely linked. For eachgroup
of products, there will be a specific product structure and a corresponding workflow
structure. The product structure defines all the information describing a product or
part. Some of this information will be created or used at each step of the workflow.
New product structures can make use of parts of existing structures. In some cases, it
will be easiest to start at the beginning of a process and define the information that’s
to be created at each step of the process. In other cases, it may be easier to start at
the end of the process (for example, with a Bill of Materials) and work backwards,
identifying at each step the information that would be necessary to generate each
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information item. Initially, this task is very difficult, and a variable degree of detail is
essential for the structure so that work isn’t held up by the unavailability of detailed
information on the structure. The product structure has to be sufficiently flexible so
as to be able to handle changes to information structures and items. The Product and
WorkflowStructure DefinitionModule should offer the possibility to add or associate
information when enough information isn’t available to define a product, workflow
or relationship.

The workflow may be described for the entire product lifecycle or for individual
processes. The level of detail needed to describe the workflow is variable. The work-
flowmay be described either by startingwith the end product andworking backwards
to the beginning, or by starting with a blank sheet and working forward to the end
product. The workflow can be split up into projects or processes. In turn, these can
be broken down into phases and steps. A workflow structure may be built up from
existing steps, or a new structure may be built. In the same way that the product
structure has to be sufficiently flexible to handle changes to the product structure,
the workflow structure has to be able to handle changes to workflow.

Theworkflow structure can be used to control either individual steps in the product
workflow (such as document creation) or the entire workflow. It has to include all
of the information required to make this possible. It will become the source of work
statements, defining the activities to be carried out and the resources to be used. For
example, it should specifywhich users should be involved in the design of a particular
part, the applications they should use, the information they will need, the information
they should produce, the procedures they should follow and the approval process.
The approval process work statements should specify the roles and authorities of the
individuals involved, the rules and requirements for sign-off, and the process to be
followed if sign-off is refused.

During a process, “events” occur. An event marks the end of one activity and
the beginning of another activity. Events need to be identified and included in the
workflow definition. Completion of a design, and initiation of a periodicmaintenance
activity, are typical events. The activities that lead to and follow each event should be
specified. The messages that should be communicated when the event occurs, or if it
doesn’t occur within a specified time, have to be defined in the workflow definition.
The review, approval, and release workflows have to be defined. The engineering
change process has to be modelled. The various steps, reviewers, approvers, and
sign-off procedures have to be defined. The definition should include hierarchies so
that, if an activity doesn’t occur, it will be passed automatically to the next highest
authority. Since many parts of the process are similar or repetitive, some workflow
structure elements will be repeated throughout the overall workflow. The creation of
change requests and orders is a typical example. Automatic process sequences can
be set up to handle tasks such as the provision of copies to individuals named on a
distribution list. Once the product and workflow structures have been defined, the
PDM system can manage data and workflow. Formal description of the workflow
will make it possible to identify unnecessary activities, as well as those that could
be run in parallel.



6.6 The Eight Components 233

6.6.7 Workflow Control Module

For a particular task, the product structure and the workflow structure will have been
defined by the Product and Workflow Definition Structure Module.

TheWorkflowControlModule thenmanages theworkflowof the various activities
in progress, and monitors progress. It controls the progress of projects in an event-
driven mode. It maintains status information on ongoing projects.

Once initiated, theWorkflowControlModule is in control of the activity. It assigns
tasks to individuals, informs them of the resources to be used and the procedures
to be followed, initiates the associated actions, and maintains status information. If
necessary, the Workflow Control Module can remind users of standard operating
procedures, and can check that standards information is accessed. It distributes data
and documents to the individuals as needed. When the task is finished it can, for
example, request a review, or promote the design and initiate the next step of the
process. It can enforce promotion rules. If the person responsible for the next step
is absent, it can automatically pass the work to the most suitable replacement or the
next highest authority. It manages the review, approval, communication and archival
of information.

Automatic process sequences handle such tasks as providing copies to individ-
uals on a distribution list. Following the rules specified during the definition of the
workflow and product definition structures, the Workflow Control Module controls
versions and manages the engineering change process.

The Workflow Control Module, on the basis of the workflow and product struc-
tures, ensures that all necessary information is available before releasing designs to
manufacturing.

TheWorkflow Control Module monitors the occurrence of events. When an event
occurs, it initiates a previously defined set of activities. If an event doesn’t occur at
the expected time, the appropriate level of management will be alerted.

When an event occurs, the Workflow Control Module sends, in accordance with
the defined structures, the appropriate messages. Engineering change requests and
change orders can be rapidly transmitted to inform all interested parties of impending
and actual changes. Interested parties can be informed of upcoming events. The
Workflow Control Module can notify other people that a change has been requested.
It can initiate messages based on parameters captured at each step. It can notify
downstream users that modifications have been made to upstream information.

TheWorkflowControl Module will keep status information up to date, and ensure
that information is handled as planned. At any time, the Workflow Control Module
will be able to display the exact status of each process that it’s managing. It can track
and report the status of tasks in process. It can produce progress reports at specified
times, showing, for example, howmuch lead time has been consumed. TheWorkflow
Control Module maintains an audit trail of activities relating to the process.

Performance analysis can be carried out on activities and on information access.
The impact of proposed changes can be analysed and assessed. Resource-level load-
ing can be coordinated, and schedule visibility maintained, for all related tasks.
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Once set up for all activities in the environment, the Workflow Control Module
should be able to promote parallel, rather than serial, workflow, thus reducing lead
times. Increasingly, theWorkflow Control Module should play an expert role, check-
ing that input is legal and consistent, and that correct procedures are being followed,
and automatically organising activities so as to minimise lead time.

6.6.8 Information Management Module

The information items include all the product data needed to specify, build, test,
install, operate, and maintain the product, and to support its end of life. This will
include information such as specifications, drawings, lists, programs, reports and
installation manuals. The Information Management Module is used to describe the
exact configuration of a particular product throughout its life. It relates to compo-
nents, subassemblies and assemblies. It supports multiple assembly levels, multiple
hierarchies and multiple membership. The Information Management Module main-
tains a complete history of the product through design, manufacture, delivery and
field use to end of life. The status of all information (such as in-process, in-review,
released) is maintained by the Information Management Module. It maintains the
configuration of a given end product, managing all the required information. For a
given product, for example, it may maintain information such as bill of materials,
goes-into lists, assemblies, relations between the assemblies, CADmodels, software
items, drawings, analysis results, recipes, parts lists, process plans, NC programs,
tooling drawings, test results and field information. The Information Management
Module can distinguish between the as-designed, as-planned, as-built, as-installed
and as-maintained configurations of the product.

The InformationManagement Module maintains exact configuration information
on each individual product. It supports multiple versions and alternatives of data.
It takes account of engineering changes. It maintains information about the rela-
tionships between information such as the creation of a document from a particular
template.

The Information Management Module offers the possibility to navigate product
structure by paging down and traversing the workflow and information structures. It
allows information to be accessed in many ways such as by model number and by
part number.

6.7 Common Issues

There are many PDM systems on the market. The detailed data management
approaches of individual companies are different. Implementations of PDM sys-
tems tend to be company-specific. Nevertheless, there are several issues common to
most PDM systems.
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6.7.1 Naming, Functionality, Scope

The functionality and scope of a PDM system are often unclear from the name
of the system. The scope of PDM systems can be very different. Some may have
a lot of functionality and have been designed to support product data across the
product lifecycle. Others may only have limited functionality, and be focused on
specific parts of the product lifecycle. Somemay be focused on the data management
needs of a particular industry.

Some systems suffer fromproblems such as incomplete functionality,malfunction
of the system, poor response time, and unavailability of the system on a wide range
of platforms.

Among the key factors in determining the functionality that a company needs from
a PDM system will be the quality, quantity, and coverage of the applications that are
already in place.What do these applications do?What datamanagement functionality
do they have? How will they fit with PDM? Is PDM seen as a replacement for these
applications? Is it an add-on? To what extent should it be integrated with them?

PDM systems can offer a wide range of functionality including information man-
agement, change management, process management and product structure manage-
ment. Some, or all, of these functions may already be present in a company’s existing
applications. Product structure may be managed in parts master, BOM and MRP
applications. Process management may be addressed in project management appli-
cations. Some information management functionality may be built into other appli-
cations such as a CAD application or an ALM system, or it may be in an application
developed in-house.

The required functionality will also depend on the way the company is currently
organised, and the way it will be organised in the future. If everybody is on one
site, then multi-site functionality may not be needed. On the other hand, if users are
spread over several locations, multi-site functionality will probably be needed. If
product development is carried out in teams, or the company has taken a Concurrent
Engineering approach, then corresponding functionality would be looked for in the
PDM system.

PDM systems range from simple, off-the-shelf packages with basic functionality
to complex tailorable systems with wide-ranging functionality that can be further
developed to exactly fit a company’s requirements.

6.7.2 Change, Version Management

One of the driving forces for PLM is the high level of change in the product envi-
ronment. However, change can be an issue for PDM systems.

A new version of a PDM system can raise problems. The previous version may
havemet a company’s requirements perfectly. The change, while being of great value
to most companies, may raise problems for some other companies.
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Changes to other applications can also be an issue. If the data structures in an
application interfaced to the PDM system change, then the interface may need to
be changed. If many applications are interfaced to the PDM system, and each one
changes a few times each year, the situation can get complicated.

6.7.3 Interfaces

PDMsystems need to share and exchange product data (such as part numbers, version
numbers, product costs) with other applications in the company. Some interfacesmay
be provided by the vendor as part of the PDM system. Others may be developed with
the Application Programming Interface (API) provided with most PDM systems.
The API enables the team supporting the PDM system to create, using the system’s
objects and routines, any additional functionality that’s needed. For example, an
interface may be needed between the PDM system and a costing application that’s
been developed in the company.

Many PDM systems have their own specific user interfaces. It can take a long
time for users to learn the details of such an interface.

6.7.4 Data Model, Workflow

There may be issues related to the flow, use and quality of product data. There
may be problems with the cost of entering information in the system. The system
may not be able to handle all data types that the company needs. It may not be
able to store data where it’s needed. There may be incompatibility between data
structures. Classification mechanisms may be inappropriate. There may be no way
of encouraging reuse of information.

Problems may arise with particular types of documents. The system may only be
set up to handle certain types or formats of documents, and not be able to handle
others. It may only be able to handle a limited number of variants of a particular
document. It may only be able to apply the same release process to all documents of
a particular type, even though the company has different ways of releasing them.

Theremaybe problemswith storage and communication of data. ThePDMsystem
may only be able to store all data in one physical location, yet the use of data may be
required at two or more locations. In some cases, it will be the cost of communicating
information between different sites that’s the problem, in other cases it may be
security or confidentiality.

There may be problems with the structure of information. Different departments
may structure the same information in different ways and unless the system is capable
of accepting different structures (or views) for the same information, there may be
issues as people try to ensure “their” structure is chosen as the standard.
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Problemsmay arise if a companyhas several naming, numbering and classification
conventions, but the system is limited to one convention.

6.7.5 Ownership, Funding, Support

A PDM system is cross-functional. It doesn’t belong to any one of the functional
departments. Not to Engineering. Not to Manufacturing. Not to Recycling. Not to
Quality. As a result, it may be unclear who is responsible for it. It may not be obvious
how it will be financed. It may not be obvious which practices should be followed in
addressing it, or which jargon should be used to describe it. It may not be obvious
which rules should be followedwhenmanaging information in a PDM system. There
may be problems cost-justifying the PDM system.Which department or departments
should pay the costs of a system that’s used by several departments? How should
costs be distributed so that the department that gets the most benefit pays the most?
How can the running costs of the system be shared equitably? This is especially
difficult to achieve if the system is installed in one department, supported by people
from another department, and used by people from many other departments.

Insufficient investment is a common issuewith PDMsystems, as is the use of inap-
propriate project cost-justification calculations. These may generate over-optimistic
expectations. The targets put in place to drive the implementation and use of PDM
may be inappropriate or even unattainable.

6.7.6 Fit in IS Architecture

With a primary purpose of managing product data, a PDM system needs to be closely
linked to the other PLM applications that create and use product data. The PDM
system needs to fit seamlessly into the company’s IS architecture.

6.7.7 Customisation, Installation

At installation time, all sorts of issues can arise with a PDM system. Its implemen-
tation may take much longer than expected. The people who planned for PDM, and
selected the PDM system, may pull out before the system is installed. This may
leave implementation in the hands of people who neither understand the objectives
nor are motivated to succeed. Insufficient training may be given to users and the
system support team. There may be no guidelines describing how the system should
be used. There may be problems with the system itself. It may not work the way the
vendor claimed it would, or it may have bugs, or it may not be documented, or there
may be no procedures showing how it should be used.
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not clear how information flows in the process unsure who has access rights at different times 
unclear what the information is being used for uncertain what happens at each step of the process 
individual steps of the process aren't clear unclear what conditions must be met before moving to the next step 

Fig. 6.11 Lack of clarity concerning information in the process

As another example of the type of problem that could occur, a PDM system
vendor may propose to a company that a system integration partner will implement
the system. The system integrator may not have enough people with the right skills
available, so asks one of its partners if it has someone suitable. The partner doesn’t,
but knows some people who have the skills. These people work hard at doing what
they’re told to do. The only problem is that they’ve never seen either the company
or the vendor. Not surprisingly their deliverables aren’t exactly what the company
wanted. Then, of course, there are lots of meetings at which the company blames the
vendor, and the vendor blames the integrator. None of which adds any value for the
users.

Another potential problem, with its roots in the past, is the unorganised state of
most information that’s under the control of traditional manual information man-
agement systems. Provided that it’s been possible for a person who’s been in the
company for the last thirty years to lay their hands on a particular document within
a few hours, most people have been happy. PDM systems don’t work like that.

Other implementation problems can be due to poor understanding and definition
of the company’s business processes. Problemsmay arise because the system doesn’t
address the parts of the overall process that the company is interested in. Problems
can also arise at the level of individual activities if the system doesn’t work the way
the company wants to carry out specific activities such as release and engineering
change control. It’s important that the process be understood and clearly defined.
Otherwise, it’s going to be difficult to use PDM to support it. PDM can’t be used
effectively if key issues are unclear (Fig. 6.11).

Another problem that can arise is that the people who are supposed to look at the
process issues can’t agree among themselves as to what the process should be.

6.7.8 Everyday Use

Some issues may arise when the system starts to be used on an everyday basis
(Fig. 6.12).

One source of problems can be the interfaces between the PDM system and other
applications. Unless all the interfaces exist, some users will work entirely outside the

missing functionality lack of interfaces  inconsistencies in the system 
lack of funding errors in the system failure to make necessary organisational changes 

Fig. 6.12 Possible issues when everyday use starts
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departments using different definitions issues with customers difficulties to get cross-functional activities to occur 
departments using different standards issues with consultants lack of co-operation between departments 
lack of inter-departmental agreement  issues with suppliers departmental barriers preventing information flow 

Fig. 6.13 Issues affecting everyday use

PDM system rather than sometimes inside and sometimes outside. Problems may
arise if new developments promised by the vendor don’t appear. In-house system
developments can also be a source of problems. Sometimes, developments won’t be
made because funding is cut. Sometimes, developments won’t be made because they
have low priority on the waiting list. Another problem that may arise after installation
is that the project budget, in particular the training budget, is slashed. The funding
of the PDM system support team, the group that should make sure the system works
on an everyday basis and should provide everyday support to users, may be cut.
As PDM gradually takes hold, some departments may feel they’re losing control or
power. As a result, they may start to block its use and hinder further development.

There may be issues related to top management such as lack of commitment,
lack of leadership, lack of support and lack of patience. Problems at the middle
management level may be due to conflicts with personal goals, empire-building and
fear of loss of power. Users may fear that the PDM system may play a Big Brother
role, or may lead to job losses. Problems can also arise if the members of the PDM
project team don’t work together effectively.

Some other issues may also affect the everyday use of PDM (Fig. 6.13).
Users may run into problems. For example, the system may crash or malfunction

frequently. Users may complain that it’s not user-friendly and takes too long to learn
to use. They may suffer from poor response time as the amount of product data in
the system increases. System upgrades may be necessary and the result may be that
system use becomes too expensive. In some areas, the system may not behave as
expected, and time-wasting workarounds may be necessary. As users get to know
the system, they may find that functionality has been oversold. Functions they need
may not exist, or may only be partially implemented. The system may only handle a
limited number of document types. Documentation and online help may not exist for
some key functions. There may be no guidelines describing how the system should
be used. Necessary customisation may be too difficult or too time consuming.

The people involved in PDM system administration and support will hear all
about the problems that users are having. They may also have their own problems
(Fig. 6.14).

the system may be difficult to set up for more than a prototype, a pilot, or a sandbox 
system administration may be inflexible, tedious, time-consuming and error-prone 
previously hidden limitations may appear in the definition of roles and processes 
previously hidden limitations may appear in the creation of reports 
the system may not work on all the platforms where it’s needed 
the system may be difficult to integrate with other applications in the lifecycle 
the vendor may be unable to provide good, well-trained support staff 

Fig. 6.14 Likely concerns of the PDM support team
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lack of required PDM functionality scanty user support limited workflow functionality 
inappropriate data model multiple PDM systems too much product data managed outside PDM 
duplicate PDM functionality high costs for support long delays in error resolution 
deficiencies in the PDM system slow response time too much bureaucracy in system use 
poorly designed implementation product data quality 

issues
too much customisation required 

Fig. 6.15 Potential PDM system-related challenges for a company

As time goes on, it may become clear that the wrong vendor was chosen. New
versions may be delivered behind schedule. New versions may lack promised func-
tionality, and have quality problems. Maintenance costs may become unacceptably
high. There may be no upgrade path between successive versions. Key individuals
may leave the vendor. Eventually, the vendor may go out of business.

6.7.9 Sources of Challenges

ThePDM-related challenges that a particular company faces could come from several
sources (Fig. 6.15).

6.8 Guidelines for PDM System Implementation

In many PLM Initiatives, there’s a project to implement a PDM system. As a result,
it’s possible, from experience, to identify some guidelines for PDM system imple-
mentation (Fig. 6.16).

6.9 Pitfalls of PDM System Implementation

Implementation of a PDM system is a frequent activity in a PLM Initiative. From
the experience of working with many companies, lessons have been learned. Many
potential perils have been seen in PDM system implementation (Fig. 6.17). Knowing
about them is a first step to avoiding them.

define clearly PDM project objectives make sure objectives are oriented towards use of PDM 
create a realistic project plan select a project leader able to work cross-functionally 
include system users in the project team judge the project leader on the results of PDM system use 
commit the project leader for the long term judge the project team on the results of PDM system use 
expect user resistance to change evaluate system benefits, costs and value 
aim for productive use of PDM  focus the project on use of PDM, not on system selection  
simulate the everyday use of PDM  don’t let people think the work ends once a system is chosen 

Fig. 6.16 Guidelines for PDM system implementation
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not having executive support for the project not measuring PDM success 
not having clear PDM project objectives not promoting PDM success 
not managing project risks not planning to overcome setbacks and rejection 
not educating top managers not involving everyone across the product lifecycle 
not bringing middle managers on board not believing the system is just one part of the solution 
not believing 50% of similar projects fail not being aware of the initial state of product data 

Fig. 6.17 Pitfalls of PDM system implementation

6.10 Little Data Management Excitement

Most business managers find “let’s spend a lot of money to manage data” about as
interesting as “let’s watch paint drying”. If you are a technical manager trying to
implement a PDM system, make sure you have plenty of reasons to explain why it’s
needed, and plenty of answers to the negative replies you’re likely to receive.

The typical business manager will respond to the technical manager’s request for
PDM with, “You mean you want to spend $1 million (or $100,000 or $10,000) on
a system that’s just going to manage data? But you’re already managing the data,
aren’t you? So why do you want to spend all that money? You can’t do that, that’ll
just increase our costs. And at the end of the day, there’s no real benefit. We’ll just be
managing the same data a different way. Our costs will go up and our productivity
will go down.”

“No”, says the technical manager, “there’ll be many benefits. Everyone will have
faster access to product data and developers will no longer waste 30% of their time
looking for it. We’ll be able to develop products faster, we’ll have fewer quality
problems and, because we’ll develop faster, we’ll need fewer development hours, so
our costs will go down.”

“Listen”, the business manager says, “the only way I can move this business
forward is by increasing revenues or cutting costs. This PDM system of yours isn’t
going to increase revenues. I’ll give you three good reasons why.

One, you say it’ll get our products to market quicker, but when I look at our
engineering organisation I can’t see that changing the way we manage data is going
to cut the development time by even 1%. Two, it takes so long to get a product out in
the market, and make money, there’ll be no benefit on the bottom line for at least five
years. And no-one’s going to throw money at a project that doesn’t show a return for
five years. Three, there’ll be such chaos when you try and take the old system out,
and put the new one in, that there’ll be all sorts of problems for the customers. We
can’t risk that again. Remember what happened with ERP.

So, there’s no increase in revenues, and as I keep telling you, I’ve got to reduce
costs. Knowing our cost structure, I can’t see how buying a new system will do that.
It will do the opposite. It will push up costs. But let’s try to be positive. The easiest
way for us to reduce costs is to reduce headcount. Where will this data management
system help us lay off people? Who’s doing the data management work today? You
said the engineers will save 30% of their time, but we can’t lay off 30% of each
engineer.”
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“You make it sound so difficult”, says the technical manager. “Just cutting the
product data management workload will reduce the development hours, so we’ll cut
costs. And because we’ll be faster to market, we can increase market share, and
charge premium prices”.

“Listen” says the business manager, “We just said that if we want to reduce costs
we’ve got to lay off people. So first you tell me how many people we can lay off in
your department in the next three years, and then you write down their names. As for
speed tomarket, it sounds great, but it doesn’tmean anything. Ifwe decide to go ahead
with this data system of yours, it will take at least two years to select. Remember
when we got the CAD system? It will distract everyone’s attention from the real issue
of developing products faster. It will take three years to bring into operation. Look
what’s happening with the new ERP implementation. And after that, it will probably
be another four or five years before we’d actually see any product developed with
the new system hitting the market. So you’re talking about benefits nine or ten years
down the road. By that time, I’ll have retired, and you’ll be in a new job. Just forget
it and get those drawings to the plant.”

6.11 No PDM System Is an Island

No PDM system is an island, isolated from the rest of the company. All PDM systems
are closely related to the other components of the PLM Grid (Fig. 6.5) They’re
also influenced by other forces within the company, and outside the company. For
example, if a type of document that’s managed by the PDM system is changed, and
the metadata is changed, then it may be necessary to change the way that the PDM
system manages the document. Relationships with other objects may need to be
changed. If an application that’s interfaced to the PDM system is modified, it may be
necessary to modify the interface. The information about users in the PDM system
will need to be updated when new people join the company, or when people change
roles or positions in the company. When business processes are changed, workflows
managed by the PDM system may need to be changed. If a new type of product is
developed, a new product information structure may need to be created in the PDM
system.
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Chapter 7
PLM and Product-Related Applications

7.1 This Chapter

7.1.1 Objective

The objective of this chapter is to provide an introduction to application software
in the PLM environment. The chapter aims to give the reader a basic understanding
of PLM applications and related activities. It will help readers working in PLM
Initiatives to participate in activities related to PLM applications. The chapter also
aims to give students who are studying PLM a basic understanding of the application
software components of a company’s PLM environment.

7.1.2 Content

The first part of the chapter provides an introduction to application software in the
PLM environment. It gives examples of PLM applications and shows why they are
relevant in a PLM Initiative. The management of PLM applications in the twentieth
century and in the twenty-first century is described briefly. The second part of the
chapter addresses the situation of PLMapplications in a typical company.Application
issues are described. Typical challenges are outlined. A brief vision is given for
applications in the future PLM environment. The third and fourth parts of the chapter
address some of the activities in a PLM Initiative that are related to applications.
These include application status review, application harmonisation and PDM system
selection. The final part of the chapter builds on the experience of working with
PLM applications with many companies. Lessons learned are shared. Guidelines
and potential pitfalls of application selection and implementation are given. Top
management’s role with PLM applications is addressed.
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7.1.2.1 Skills

Students in classes for which this book has been assignedwill gain, from this chapter,
a basic understanding of applications in the PLM environment. They’ll learn how
applications are documented. They’ll learn about the problems and opportunities
with applications in the PLM environment of a typical company. They’ll be able to
describe the typical activities of an application-related sub-project in aPLMInitiative.
And they’ll be aware of some companies’ experience with application-related sub-
projects in PLM Initiatives. As a result, they’ll be able to explain, communicate about
and discuss PLM applications.

7.1.3 Definition

APLMApplication is a computer program that is used to support a particular activity
in the PLMenvironment. For example, a Computer-AidedDesign (CAD) application
is used to support the product design activity. An Application LifecycleManagement
(ALM) application is used to create, deploy and operate software over its lifecycle.

7.1.4 Relevance of PLM Applications

PLM applications are among the main components on the PLM Grid (Fig. 7.1).
Without PLM applications, it’s unlikely that so many complex and precise prod-

ucts could be developed, produced and supported throughout the world. The charac-
teristics of PLM applications (Fig. 7.2) enable the people who use them to achieve
performance levels that would be impossible to achieve by manual means alone.

7.2 Introduction to PLM Applications

This section describes, in alphabetical order, someof themost frequently encountered
groups of applications in the PLM environment. Issues related to many of these
applications are addressed later.

7.2.1 Additive Manufacturing Applications

Additive Manufacturing applications, also known as 3D printing, are used to rapidly
produce an accurate prototype, or a part, from a Computer-Aided Design (CAD)
model.
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Fig. 7.1 The PLM Grid

calculate faster work longer hours do repetitive work better
calculate more reliably are always present work with large quantities of data
calculate more precisely work at lower cost retain large quantities of data

Fig. 7.2 Characteristics of PLM applications

7.2.2 Application Lifecycle Management

Application Lifecycle Management (ALM) systems are used to create, deploy and
operate software over its lifecycle. There are many different ALM systems on the
market. Different systems have different functionality. This may address areas such
as requirements management, development, architecture, testing, quality assurance,
maintenance, coding, variant management, change management, project manage-
ment and release management.
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7.2.3 Artificial Intelligence

Artificial Intelligence (AI) applications perform tasks normally carried out by
humans. For example, they “see”, “speak”, “understand”, “touch”, “think”, take deci-
sions and take action. There aremany potential application areas in the PLM environ-
ment including prospective customer identification, customer support, personalised
promotions, portfolio optimisation, autonomous robots, autonomous drones and self-
driving vehicles.

7.2.4 Augmented Reality

Augmented Reality (AR) applications overlay computer-generated information on
the user’s view of the real world to help with their activities and improve decision-
making.

7.2.5 BOM Applications

BOM applications manage Bills of Materials (BOMs). A BOM is a structured
description (Bill) of the “things” (Materials) that make up a product or assembly.
Depending on the level and the product, the things could be the ingredients of a
food product, or the intermediate sub-assemblies that make up an assembly of a
mechanical product.

There can be several BOM structures in the product lifecycle. Users at different
times in the product lifecycle want to work with the structure that best suits the
work they have to do. Common structures are the eBOM (Engineering BOM) which
describes the things in a product from the viewpoint of a design engineer, mBOMs
(ManufacturingBOM)which describe the things in the product fromamanufacturing
viewpoint, and sBOMs (Service BOM), which describe them from the viewpoint of
a Service Engineer. Managing different structures for many products, yet keeping
them coherent, is almost impossible manually. BOM applications were one of the
earliest applications of computers in the manufacturing industry.

BOM applications support the creation and modification of BOMs, maintain
coherence between the different structures, and provide different views on the product
depending on its position in the product lifecycle.
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7.2.6 Compliance Management

Compliance Management applications help ensure that product-related activities
are carried out in accordance with standards, rules and regulations. These may
be company-internal standards, best practices and guidelines. They may be exter-
nal standards of international and industry organisations, governments and business
partners.

7.2.7 CSM Applications

Component and Supplier Management (CSM) applications enable selection of
approved components. They provide access to an Approved Supplier List (ASL)
and a common database of components, parts or ingredients.

7.2.8 CAD Applications

Computer-AidedDesign (CAD) is an umbrella term for applications using interactive
graphics techniques that are used in translating a requirement or concept into a design.

CAD can help companies that want to improve quality and reduce development
cycles and costs. A design built with CAD should be of much higher quality than
one made by traditional manual means. The model in the computer is accurate and
unambiguous. Many things can be done with it that are just not possible, or would
take far too long, to carry out manually. A 3D CADmodel of a part can be displayed
graphically so that the designer sees what it really looks like. The model can be
rotated, viewed from different angles, and magnified so that the designer sees the
details on the screen. Any errors can be corrected immediately.

It costs less to design with CAD than with traditional means. Although it may
cost as much to develop the initial design, everything after should cost less. Above
all, CAD is much faster than manual techniques. As with the cost, there may not
be much difference in the initial design, but after that everything goes much faster.
Once a part model has been built, it can be used throughout the development process.
People don’t have to redevelop it for each task. Once a part model has been developed
and released, it’s available for use on other products. It may be possible to use it on
another product in exactly the same form or perhaps with a slight modification. In
either case,much lesswork is needed thanwhen developing a completely newdesign,
so a lot of time will be saved. Companies that use CAD can find it easier to get closer
to customers. For example, the customer can be brought in and shown the design on
the screen and asked if it satisfies requirements. If it doesn’t, changes can be made
much quicker than they would have been if it was necessary to wait for a physical
prototype to be built before the customer could be involved again. Once the design
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is agreed, it can be communicated immediately to the team responsible for the next
phase of the product lifecycle. Team members can start working right away. And as
soon as they’re finished, the following phase can start.

7.2.9 CAE Applications

Computer-Aided Engineering (CAE) is an umbrella name for applications used in the
design engineering and manufacturing engineering functions. Sometimes, though,
it’s given other meanings. Sometimes, it’s used only to mean all computer-based
tools used in design engineering. On other occasions, it’s used to mean only those
applications that are used at the front end of the design engineering process, prior to
detailed design.

7.2.10 CAID Applications

Computer-Aided Industrial Design (CAID) allows an industrial designer to model a
design in three dimensions and see the result immediately on the screen. Through
the use of shading, colour, movement and rotation, CAID lets designers create pho-
torealistic images and animations from a core design. The model can then be used
to communicate information to other groups involved in product development (such
as Marketing, Manufacturing, Service and Recycling).

7.2.11 CAM Applications

Computer-AidedManufacturing (CAM) is an umbrella term for all applications used
in manufacturing engineering activities. These include Computer-Aided Production
Engineering, Computer-Aided Process Planning, Computer-Aided tool and fixture
design, NC programming and Programmable Logic Controller (PLC) programming.
CAM is used in preparing for a wide range of manufacturing processes, including the
cutting of metals, fabrics, leather and composites, and the forming of metals, plas-
tics, rubber, leather, composites and glass. It’s used in preparing for paint spraying,
composite laying, deburring and parts assembly.
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7.2.12 CAPE Applications

Computer-Aided Production Engineering (CAPE) applications are used to digitally
model a manufacturing plant, production line or work cell. They enable simulation
of production processes for particular products in a “Virtual Factory”.

7.2.13 CAPP Applications

Computer-Aided Process Planning (CAPP) applications are used in the generation
of process plans. Process plans describe the operations which a part must undergo.
They define the sequence of production operations, specify the tooling, detail the
speeds, feeds and coolants and define set up and run times. They work with either a
“variant” or a “generative” approach. In the variant approach, a new plan is created
by modification and adaptation of an existing plan to meet the specific requirements
of a new part. In the generative approach, predefined algorithms are used to generate
a plan on the basis of the characteristics of the new part.

7.2.14 CASE Applications

Computer-Aided Software Engineering (CASE) applications are used to support
some or all of the phases of the software lifecycle. There are basically three types of
CASE applications: those that are used in planning, those that are used in analysis
and design, and those that are used in code-related activities.

7.2.15 CIM

Computer-Integrated Manufacturing (CIM) is an umbrella term, dating from the
1970s, for all applications used in engineering and manufacturing activities. The
benefits ofCIMare achieved through automation and integration.Repetitive activities
are fully automated, and creative activities are computer-assisted, with the computer
doing the routine part of the activity, leaving people free to do the creative part. And
the time wasted in expediting information and errors due to obsolete, inaccurate data
can be eliminated with integration.
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7.2.16 Data Exchange Applications

Data Exchange applications, also known as data translation applications or data
conversion applications, transform data from one data basis to another data basis.
For example, a circle may be represented by three points on its circumference in one
CAD application, and by its centre and radius in a second CAD application. A data
exchange application would translate the circle from the representation of the first
application to the representation of the second application.

7.2.17 DECM Applications

Digital Engineering Content Management (DECM) applications manage and enable
the creation, generation and use of engineering content, for example, for CAD parts
catalogue applications and for product and sales configurators.

7.2.18 Digital Manufacturing Applications

Digital Manufacturing applications help with activities such as manufacturing cost
estimating, factory layout and simulation, and process planning. They are also used
to program robots, machine tools and inspection equipment.

7.2.19 DMU Applications

ADigital Mock-Up (DMU) is a computer-based model of a real product. The model
can be used to carry out many activities such as display and analysis. DMU applica-
tions are used to create Digital Mock-Ups.

7.2.20 EDI Applications

Electronic Data Interchange (EDI) is the exchange across a telecommunications
network of documents and other information such as engineering drawings, receipt
advices, purchase orders and advance shipping notices between the computer in one
company, and the computer in another company. The information is transmitted in
a standard format in which the various contents of the documents are arranged in a
pre-described way.
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7.2.21 EDA Applications

Electronic Design Automation (EDA) is an umbrella term for applications used in
designing, testing and producing electronic products. An alternative name is ECAD
(Electronic Computer-Aided Design). ECAD applications include Schematic Cap-
ture, Printed Circuit Board (PCB) Layout and Integrated Circuit Simulation.

7.2.22 ECM Applications

Enterprise Content Management (ECM) applications capture, manage and deliver a
company’s electronic content and documents.

7.2.23 EDM Systems

Engineering Data Management (EDM) systems are similar to Technical Document
Management systems and Product DataManagement systems. They provide an elec-
tronic vault for drawings and documents, as well as mechanisms to index and access
them.

7.2.24 Factory Automation

Factory Automation applications are similar in scope to DigitalManufacturing appli-
cations. Automation is achieved with special industrial computers, controllers and
software such as Programmable Logic Controllers (PLC), Numerical Control (NC),
Computer Numerical Control (CNC) and Direct Numerical Control (DNC). Other
examples are Manufacturing Execution Systems (MES), Material Handling Systems
(MHS), Shop Floor Data Collection systems (SFDC) and Supervisory Control And
Data Acquisition (SCADA) systems.

7.2.25 FEA Applications

Finite Element Analysis (FEA) applications, also known as Finite Element Method
(FEM) applications, are used to compute the deformation, or other response, of an
object in response to a particular action or event.
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7.2.26 Geometric Modelling Applications

Geometric Modelling applications are used to design, or model, the shape of a part
or product.

7.2.27 Haptic Applications

Haptic technology provides the sense of touch. Haptic-supported applications pro-
vide information to a user through the sense of touch. Without haptic input, the user
only receives information through the sense of sight. Haptic technology can help, for
example, to create and control objects in a virtual environment.

7.2.28 IM Applications

Innovation Management (IM) applications manage Product Ideation and Research
& Development (R&D) processes and projects.

7.2.29 IoT Platforms

IoT platforms facilitate a company’s interaction with its products on the Internet
of Things (IoT). Functionality includes functions to manage: devices; set up; rules;
communication; data flow and storage; security; applications and analysis.

7.2.30 IPM Applications

Intellectual PropertyManagement (IPM) applications are used tomanage intellectual
property rights.

7.2.31 Knowledge Based Systems

Knowledge Based Systems (KBS) are applications that aim to allow the experi-
ence and knowledge of humans to be represented and used on a computer so as to
increase people’s decision-making ability. Knowledge Management includes many
knowledge-related activities (Fig. 7.3).
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creating knowledge capturing knowledge analysing knowledge storing knowledge
indexing knowledge classifying knowledge validating knowledge synthesising knowledge
searching for knowledge finding relevant knowledge making knowledge available making use of knowledge

Fig. 7.3 Some activities of knowledge management

# Type of Knowledge Example

1 current internal knowledge the BOM of a company’s product
2 current competitive knowledge user profiles of a competitor’s best market segment
3 future internal knowledge a companyís next product design
4 future competitive knowledge user profiles of a competitor’s target market segments
5 breakthrough knowledge how to make a product for half the cost
6 breakthrough knowledge user profiles of the 10,000 early adopters of a new product

Fig. 7.4 Examples of types of knowledge

Area Use

customer knowledge management using knowledge about customers to provide customised product 
information or customised service information

knowledge databases containing experience of best practices across a wide range of 
subjects and industries

knowledge retention systems conserving knowledge of how people work in different activities
virtual educational organisations enabling rapid education and training at the knowledge consumer’s 

workplace

Fig. 7.5 Examples of application areas of knowledge management

The Knowledge part of KnowledgeManagement includes knowledge of anything
about a company such as its customers, its products, its competitors and its partners.
It could be knowledge from the past, current knowledge or, perhaps most valuable,
future knowledge (foresight). Figure 7.4 shows some examples.

There are many application areas of Knowledge Management (Fig. 7.5).

7.2.32 LCA Applications

Life Cycle Analysis (LCA) applications are used to evaluate the environmental
impact of a product.

7.2.33 Machine Learning Applications

Machine Learning is a subset of Artificial Intelligence in which a computer learns
from patterns, datasets and inference to carry out a specific task without using explic-
itly programmed instructions.
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7.2.34 Manufacturing Automation

Manufacturing Automation applications are similar in scope to Digital Manufac-
turing and Factory Automation applications. Advantages of automation include
increased throughput and better quality than human operators.

7.2.35 MRP 2 Applications

Manufacturing Resource Planning (MRP 2, or MRP II) applications are used to plan
the resources (such as equipment and materials) of a manufacturing company.

7.2.36 NC Applications

Numerical Control (NC) programming applications are used to develop programs
that control NC machine tools.

7.2.37 Parts Catalogue Applications

Parts Catalogue applications allow a company to enter its products into an electronic
catalogue, where they will be available for search, selection and purchase.

7.2.38 Parts Libraries

Parts Libraries make available a range of preferred parts from a library included in
an application.

7.2.39 Phase-Gate Applications

Phase-Gate applications manage the progress of a project (such as a new product
development project) through a set of phases separated by gates.
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7.2.40 Portfolio Management Applications

Portfolio Management applications provide an overview of a company’s pipeline
of development projects. They allow managers to take trade-off decisions based on
the risks/rewards of the product portfolio against a company’s strategic objectives.
Portfolio Management enables assessment of resource allocation against top-level
strategic goals and risk/reward expectations. They show the interdependencies of
resources, intermediate deliverables, and other information. To facilitate analysis,
Portfolio Management applications provide a range of display options such as pie
charts and graphs. They offermany possibilities for rolling up, filtering, and grouping
projects to focus on specific issues. Many parameters can be plotted, such as revenue
versus cost, impact versus probability, and market share versus Net Present Value.

7.2.41 PDM Systems

Product Data Management (PDM) systems are similar to Technical Document Man-
agement systems and Engineering DataManagement systems. They provide an elec-
tronic vault for product data, as well as mechanisms to protect, index and access the
data.

7.2.42 Project Management Applications

Project Management applications assist in the planning, organisation and tracking
of resources to achieve project objectives.

7.2.43 RP Applications

Rapid Prototyping (RP) is the application of 3D printing to prototyping. It’s the
production of a physical prototype directly from a computer-based model of a part or
product. Rapid Prototyping systems are used to rapidly produce an accurate prototype
from a CADmodel. Rapid Prototyping uses additive manufacturing techniques. The
prototype can be in a variety ofmaterials including investment castingwax, PVC, and
polycarbonates. An RP system can produce a prototype in a few hours compared to
the days or weeks of conventional prototyping techniques. RP technologies include
selective laser sintering, ballistic particle manufacturing, stereolithography, instant
slice curing, and direct shell production casting. A physical prototype is a good
visualisation and communication tool for people unaccustomed, unable, or unwilling
to work with an image on the screen. It provides a common language for people from
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different functions and eliminates misunderstanding. The parts produced can be used
as fit and function models. They can be used as design verification tools, and patterns
for other manufacturing processes. They can be used to check interference, and to
test the ease of assembly and maintenance.

The activity prior to rapid prototyping is the development of a computer-based
model of a part or product. This is the normal CADdesign activity. It has to be carried
out whether a prototype is going to be produced by rapid prototyping or traditional
means. Once the CAD model exists, a physical model can be produced directly by
one of the rapid prototyping technologies, whereas with traditional means, drawings
of the CAD model would be produced, manufacturing engineers would decide how
to produce it, and then it would be manufactured. Rapid prototyping cuts out these
steps. It saves the time associated with them. It also saves their cost, and eliminates
the possibility of transcription errors and misinterpretation.

7.2.44 Requirements Management Applications

Requirements Management applications gather and manage user, business, regula-
tory, technical, functional, process and other requirements for a product. Require-
ments Management applications are used to identify, document, analyse, prioritise,
track, communicate and agree on requirements and control changes to the require-
ments.

7.2.45 Reliability Management Applications

Reliability Management applications address the ability of a part or product to per-
form under given conditions for a specific time period.

7.2.46 Simulation Applications

Simulation applications are used to study the performance of a system before it’s
been physically built or implemented. They can be used at many stages of the prod-
uct lifecycle. Simulation can be used to study the likely performance of a strategy
without actually implementing it. It can be used to study the performance of a prod-
uct or a process without actually building or implementing it. Simulation involves
the development of a computer-based model of a part or product, the development
of a computer-based model of the environment in which the part or product will be
used, and the testing of the part under different conditions of the environment. This
is followed by analysis of the behaviour of the part. Often the result of simulation
will be a modification of the model of the part to improve its behaviour.
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The models of the part and the environment may be built graphically using a CAD
system or they may be input in the form of equations. Computer-based simulation
is cheap and effective. It makes it easier to evaluate before implementing. It allows
errors to be identified and corrected before they are implemented. Models can be
built, tested and compared for different concepts. “What-if” analysis can be carried
out. Recommendations for improvement can be made. Simulation helps meet the
objective of developing products faster because it doesn’t require the time-consuming
activities of building physical models of the part and the environment. Instead, it
uses the models designed in the computer which would normally be the basis for
building the physical models. Time is saved because it’s not necessary to build the
physical model. In addition, even more time is saved as modifications are made to
the computer-based model and the simulation is repeated. Simulation is cheaper than
the traditional methods of building and testing a physical model. There are savings
in reduced material costs. There are savings because all the activities of defining
the process for making the prototype, and then building it, and testing it, are no
longer needed. Quality is improved because it’s possible to define and test many
more potential designs using a computer-based model of the part than when using
physical prototypes.

7.2.47 SCM Applications

Software Configuration Management (SCM) applications manage the development
and modification of software.

7.2.48 Service Management Applications

Service Management applications are used in the service/maintenance phase of the
product lifecycle.

7.2.49 TDM Applications

Technical Document Management (TDM) systems are similar to EDM and PDM
systems. They provide an electronic vault for all drawings and documents, as well
as mechanisms to index and access them.
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7.2.50 Technical Publication Applications

Technical Publication applications allow a user to author,manage, publish and deliver
a technical publication such as a Maintenance Guide or a User Manual.

7.2.51 Translation Management Applications

Translation Management applications translate text from one language (such as
English) to another (such as Polish).

7.2.52 VR Applications

Virtual Reality (VR) is the application of computer simulations, based on 3D graph-
ics and special devices, of an environment, that allows a user to interact with that
environment as if it was real.

7.2.53 VE Applications

Virtual Engineering (VE) brings together Virtual Reality, engineering computation,
geometric modelling and CAE/CAD/CAM technologies.

7.2.54 Virtual Prototyping Applications

Virtual Prototyping is the construction and testing of a virtual prototype, or Digi-
tal Mock-Up (DMU). A digital mock-up is a computer-based model of a physical
product that can be viewed, analysed, and tested as if it were a real physical model.
Virtual prototyping uses 3D models created in CAD applications for activities such
as assembly/disassembly verification, design reviews and visibility verification.

7.2.55 Visualisation and Viewing Applications

Visualisation and Viewing applications are used for visualising, viewing and printing
product and process definition data.
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7.2.56 3D Printing Applications

3D Printing applications produce parts or products directly from a computer-based
model of the part or product.

7.2.57 3D Scanning Applications

3D scanners are used to create a cloud of points corresponding to the surface of
a part. A 3D scanning application can be used to check that a manufactured part
corresponds to its design specifications. For example, an OEM outsources a part,
and sends the CAD file to the supplier. The supplier makes the part, scans it, and
e-mails the point cloud to the OEM who checks it against the CAD model.

7.3 PLM Applications in the Product Lifecycle

There are many applications in the PLM environment. More than 50 different classes
(groups) of applications are mentioned in this chapter. Within some of these groups
of applications, more than 100 different applications are provided by different appli-
cation vendors. In total, there are thousands of different applications in the PLM
environment.

To make it easier to work with the applications, it’s useful to structure them in a
manageable way. Applications can be grouped in many different ways. For example,
they can be grouped by their type. Figure 7.6 shows PLM applications in 13 groups.

7.3.1 Generic and Specific PLM Applications

PLM applications can also be categorised into generic applications or specific appli-
cations.

Generic applications (Fig. 7.7) are applicable to all kinds of companies, all types
of products, and all types of user within those companies. They have functionality
that will be used throughout the product lifecycle. On the other hand, specific PLM
applications have functionality that’s only needed by a few people in a company.

For example, it will be seen that the first application in the list of generic applica-
tions, “data management”, is an application which is needed by a design engineer in
the automotive industry, but also by a project manager in the pharmaceutical indus-
try. They both have enormous amounts of data to manage. Similarly, the fifth item
in the list, “collaboration management”, is applicable in any situation where people
in different locations are working together.
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Idea Management applications. These enable gathering and evaluation of ideas in a structured fashion, and 
the selection and management of the best ideas
CAE/CAD/CAM applications. The focus in this group is on defining, analysing and simulating product, service 
and process definition data. Functionality of this type may be found in applications such as CAD, MCAD, 
ECAD, Electronic Design Automation (EDA), geometric modelling, ALM, CAM, CAPP, Rapid Prototyping, 
CAE, DFM, DFA, Software Engineering, NC programming, BOM, routing definition, plastic behaviour 
analysis, Factory Simulation, technical publishing, and parts library applications. These applications are used 
in discrete manufacturing to create the right product and process definition data. In process manufacturing, 
menu management and recipe management applications have an equivalent role 
PDM technologies. The focus here is on managing product, service and process definition data throughout 
the product lifecycle. Functionality of this type may be found in applications such as Engineering Document 
Management, Engineering Data Management, Product Data Management, Technical Document 
Management, Knowledge Management, Configuration Management, Enterprise Content Management, 
Regulatory Management and Quality Management applications
Visualisation/Viewing. The focus here is on visualising, viewing and printing product and process definition 
data. This group includes technologies such as Digital Mock Up and viewers
Collaboration software. The focus here is on applications that allow people at different locations, or in 
different organisations, to work together over the Web with the same product and process definition data. 
Collaboration software technologies include e-mail, electronic whiteboards, discussion groups, chat rooms, 
intranets, extranets, shared project spaces, portals, vortals and project directories
Data exchange and interoperability applications. The focus here is on applications that allow product and 
process definition data to be transferred from one format, thatís usable in one application, to another format 
thatís usable in another application
Customer-oriented applications. The focus here is on capturing product and process definition data from 
customers, and presenting product and process definition data to customers. Customer-oriented 
technologies include applications for presenting product catalogues to customers, and applications for 
capturing customersí needs, requirements, feedback, orders and complaints
Supplier-oriented applications. The focus here is on capturing product and process definition data from 
suppliers and presenting product and process definition data to suppliers. Supplier-oriented technologies 
include RFQ applications, CSM applications, strategic sourcing and auctions
Process definition and management. The focus is the definition and management of processes and 
workflows across the product lifecycle. These include the product development process, release 
management, and the Engineering Change Management process
Project and program management. The focus is the definition and management of projects addressing 
activities in the various parts of the product lifecycle
Portfolio Management. The focus is the management of the portfolio of products, and the portfolio of projects 
to develop new products and modify existing products
Regulatory/Standards/Compliance Management applications. 
Integration. The Integration group includes both integration between PLM applications, and integration 
between a PLM application and another application such as a CRM, ERP or SCM application

Fig. 7.6 Thirteen types of PLM applications

Data Management / Document Management Visualisation
Part Management / Product Management  Integration 
Process Management / Workflow Management Infrastructure Management
Program Management / Project Management Product Idea Management
Collaboration Management Product Feedback Management

Fig. 7.7 Generic PLM applications

Often, all the generic applications are needed for most people working in product-
related activities. That isn’t the case for the applications in the other category
(Fig. 7.8). These are much more specific to a particular context. This category con-
tainsmore specialised applications that are needed by particular people, departments,
functions or industries.

Product Portfolio Management Supplier and Sourcing Management
Idea Generation Management Manufacturing Management 
Requirements Management Maintenance Management
Specifications Management Compliance Management
Collaborative Product Definition Management Intellectual Property Management

Fig. 7.8 Specific PLM applications
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The first item in the list of specific PLM applications, “Product Portfolio Man-
agement”, has very specific functionality that’s only needed by a few people in a
company. Similarly “Collaborative Product DefinitionManagement” will have func-
tionality specific to the needs of people who define the product. Generic and specific
PLM applications are detailed in the following sections.

7.3.2 Generic PLM Applications

Generic PLM applications (Fig. 7.7) are those that are applicable to all kinds of
companies, all types of products, and all types of user within those companies.

7.3.2.1 Data Management/Document Management

These applications enable a company to store and make available data (docu-
ments/drawings/files) throughout the entire product lifecycle in a controlled-access
secure distributed environment. They enable activities such as version management,
revision control, classification, search, analysis and reporting.

7.3.2.2 Part Management/Product Management/Configuration
Management

These applications enable a company to manage products, product structures and
product attributes throughout the entire product lifecycle in a controlled-access secure
distributed environment. They enable activities such as versionmanagement, revision
control, classification, search, analysis and reporting. They enable improved reuse
of designs, parts and modules.

7.3.2.3 Process Management/Workflow Management

These applications enable a company to map business processes, to define and auto-
mate simple workflows (such as document release workflows and the change man-
agement workflow) and ensure compliance with requirements from organisations
such as the FDA and the ISO. Templates enable common, repeatable processes.
Workflow management includes routing templates, paths, lists, logic and rules. It
can also include notification management.
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calendars schedules e-mail electronic whiteboards
Twitter messaging discussion groups virtual meeting sites
web conferencing portals audio conferencing blogs
collaborative co-authoring chat rooms intranets shared project spaces
videoconferencing vortals project directories social networks 

Fig. 7.9 Examples of collaboration management tools

7.3.2.4 Program Management/Project Management

These applications enable a company to plan, manage and control projects and pro-
grams. They enable stage, gate, milestone, and deliverable control. They provide
visibility into a project’s status in terms of progress and costs. They show interde-
pendencies such as those among project resources and intermediate deliverables.
These applications provide a range of display options such as dashboards, cockpit
charts, pie charts and graphs.

7.3.2.5 Collaboration Management

These applications enable geographically dispersed teams and individuals to work
together in a secure, structured, virtualworking environment using up-to-date product
data. They include a wide range of functionality (Fig. 7.9).

7.3.2.6 Visualisation

These applications provide viewing, visualisation and virtual mock-up capabilities.

7.3.2.7 Integration

These applications enable the exchange of product information between PLM appli-
cations (for example, between a CAD application and a CAE application). They
also enable exchange of product information between PLM applications and other
enterprise applications such as ERP and CRM.

7.3.2.8 Infrastructure Management

These applications manage services of infrastructure such as networks, databases
and servers.
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7.3.2.9 Idea Management

These applications enable product ideas to be captured and analysed, appropriate
actions to be initiated, and progress to be tracked.

7.3.2.10 Product Feedback Management

These applications enable customer feedback about the product to be captured, anal-
ysed and made available where needed.

7.3.3 Specific PLM Applications

Compared to the generic PLM applications, the specific applications (Fig. 7.8) are
much more specific to a particular context. This group contains more specialised
applications that are needed by particular people, departments, functions and indus-
tries.

7.3.3.1 Product Portfolio Management

These applications enable review, analysis, simulation and valuation of a company’s
Product Portfolio of existing products integrated with the pipeline of development
projects. They show estimates of sales and reuse, and show the effects of decisions
such as introducing new technologies, making acquisitions and launching joint ven-
tures. They support the analysis of risks/rewards for different scenarios. They enable
tracking and analysis of product costs against target costs and profit. These applica-
tions provide a range of display options, dashboards, cockpit charts, pie charts and
graphs, with possibilities for rolling up, filtering and grouping information to meet
various objectives.

7.3.3.2 Idea Generation Management

These applications enable systematic management of the generation of ideas for new
and improved products.

7.3.3.3 Requirements and Specifications Management

These applications enable a company to systematically gather, analyse, communi-
cate and manage product requirements describing market and customer needs. They
enable a company to systematically manage and standardise product specifications.
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7.3.3.4 Collaborative Product Definition Management

These applications enable the definition of products by people and teams from dif-
ferent companies working at different locations.

7.3.3.5 Supplier and Sourcing Management

These applications enable purchasing teams to collaborate with other team members
and external suppliers for various activities such as reviewing, selecting, and pur-
chasing custom and/or standard parts. They support the qualification of new suppliers
and tracking of supplier performance. They enable early involvement of suppliers,
giving them real-time access to relevant product information. They enable product
quality planning and use of Quality Templates. They enable the purchasing process
to be streamlined, and prevent over-limit purchases.

7.3.3.6 Manufacturing Management

These applications enable realisation teams to simulate, optimise and define the
realisation process and better understand the relationships between product, plant,
and manufacturing processes.

7.3.3.7 Maintenance Management

These applications enable customer support and maintenance teams to optimise pro-
cesses, get better customer feedback, carry out activities more effectively and better
manage part and equipment inventories.

7.3.3.8 Compliance Management

These applications enable deployment and management of business processes com-
plying with requirements of organisations such as the ISO and the FDA for the
development, production, use and end of life of a product.

7.3.3.9 Intellectual Property Management

These applications enable the valuation and management of the intellectual property
represented by a company’s products and related services.
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7.3.4 Organising the Applications

7.3.4.1 Departmental World

For most of the twentieth century, companies were mainly organised by functional
departments such as Marketing, Engineering, Manufacturing and After-Sales. Each
department was assigned some of the company’s activities. People were assigned to
a department. Then, for example, people in Engineering worked the best way to meet
Engineering’s objectives. They wrote or bought whatever IS applications were best
for Engineering. They took IS decisions on a departmental basis, with departmental
benefits being the most important criteria. Meanwhile, people in Manufacturing
worked the best way to meet Manufacturing’s objectives. They also wrote or bought
whatever IS applications were best for the activities of their department. The people
in Marketing took a similar approach. They also developed or bought whatever
applications suited them best.

One result of this was that, after a while, the company had many separate Islands
of Automation (Fig. 7.10), each with its own functionality, features and files. There
was a lot of wasteful duplication of functionality with, for example, each application
having its own user interface and data management functionality.

Another result was that, after awhile, thereweremany interfaces between applica-
tions. Somewere between applications in the same department. Others were between
applications in different departments. In Fig. 7.10, Application 17 is only connected
to 4 other applications (7, 12, 13, 18) but has 8 interfaces. The number of interfaces
grows quickly. With n applications the number of interfaces is n(n− 1). It took a lot
of time and effort to build and maintain all the interfaces.
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Fig. 7.10 Many applications, interfaces and files in the departmental world
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Another issue arose when a new version of an application was delivered. The
department wanted its benefits as soon as possible, so implemented it as soon as
possible. But the other departments didn’t know about this, and were surprised by
the effects. They wasted their time understanding the change. And the new version
might need changes in an interface, or even another application. This all wasted time
and money.

The people taking decisions about IS in each department were specialists in their
functional area. For example, in Engineering, people knew about Engineering. How-
ever, they hadn’t been trained in IS. They were enthusiastic IS amateurs. As they
were amateurs, they didn’t always do housekeeping tasks such as documenting the
software they wrote, making backups, documenting working procedures, or defining
clear rules for versions and iterations. As a result, more time and money was wasted.

The IS Department was a functional department. Like all functional departments,
it decided how to do its job without consulting other departments. So, for example,
IS mandated that everyone had to work on a mainframe computer. Or that every-
body should use computers from a certain vendor. And like the other functional
departments, IS people used jargon that nobody else understood.

7.3.4.2 Enterprise World

By the end of the twentieth century many changes were affecting companies. They
were under increased competitive pressure to improve products, reduce costs and
reduce time to market. The departmental approach wasn’t helping. It was inefficient
and wasted time and money. Going global created even more problems as compa-
nies expanded by acquisitions on other continents. Even after acquisition of two
other companies, the application environment became very complex, with duplicate
applications and functionality across sites (Fig. 7.11). There was a high rate of tech-
nological change. TheWeb emerged. It becamemore and more difficult for amateurs
to survive.

The departmental approach broke down. An enterprise approach was taken. IS
became a corporate function. IS was seen as a company resource, a support function.
Instead of doing what it wanted to, IS was told to serve the business and help others
to meet their objectives. IS professionals were hired. Instead of developing appli-
cations, IS preferred to acquire software packages. Instead of buying departmental
applications, it looked for enterprise applications such as PDM systems (Fig. 7.12).
When new applications were needed, IS didn’t focus on departmental benefits, but
thought enterprise-wide, and looked for most benefits for the company. Instead of
continually adding new applications, it tried to reduce the number of applications. As
IS budgets were cut, IS looked to harmonise across departments and sites. Duplicate
applications were removed. Interfaces were removed. Data was put in databases,
rather than in files. Duplicate functionality in different applications was minimised.
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Fig. 7.11 Acquisitions led to even more overlap and duplication
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value configuration packages support business priorities
user groups customisation security maintenance business functions
skill set platforms performance / availability disaster recovery hardware/software
training data storage human resources outsourcing core competencies
schedule data archiving new technologies buy or make vendor management
plans costs budgeting constraints networks risk management

Fig. 7.13 Subjects addressed in the PLM application strategy

7.3.4.3 PLM Application Architecture

There’s a wide range of activities across the product lifecycle. Many applications are
needed to support them. These are positioned in a PLM Application Architecture.
This becomes a common reference for everyone in the company working with PLM
applications. It describes the IS components of the PLM environment, their positions
and relationships, and shows how they support the business. It answers questions
such as: What applications do we have? Where are they? What product data do we
have? Where is it? How is it organised logically? How is it organised physically?
Which platforms and systems dowe have?Where are they?Which interfaces?Which
communications systems? What function is in each application?

7.3.4.4 PLM Application Strategy

The PLMApplication Strategy defines how IS capabilities will be organised to meet
PLMobjectives. It reflects the PLMstrategy and the business objectives, and includes
principles and practices addressing the PLM resources (Fig. 7.13).

7.3.4.5 PLM Application Management Processes

There are so many PLM applications, and it’s so important to get themworking right,
that many companies have a special PLMApplications Group to select, maintain and
improve them. The PLM environment is complex with frequent changes. And there’s
always pressure to reduce costs. As a result, the group’s services have to be excellent,
efficient, and cost-effective. To achieve these targets, most groups follow recommen-
dations such as those in “ISO/IEC 20000-1:2011: Information technology—Service
management—Part 1: Service management system requirements”. These provide
frameworks and best practices for identifying, planning, delivering and supporting
PLM services.
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total cost of ownership (TCO) perceived value ($) average time to solve a problem
number of users annual number of problems annual number of new versions
annual running costs achieved ROI usage (hours)

Fig. 7.14 Potential KPIs for PLM applications

7.3.5 KPIs for PLM Applications

A Key Performance Indicator (KPI), or metric, is a quantifiable attribute of an entity
or activity that helps describe its performance. It can help manage and improve the
entity or activity. KPIs for PLM applications (Fig. 7.14) help a company to quantify
the performance of PLM applications.

7.4 Reality in a Typical Company

7.4.1 Generic Issues with PLM Applications

Although there are thousands of applications, and they are used for many different
things in very different situations, there are some issues that are common to many
applications.

7.4.1.1 Ambiguous Name and Unclear Scope

The functionality of an application is often unclear from the name of the application.
Many umbrella terms such as Computer-Aided Design, Computer-Aided Engineer-
ing and Computer-Aided Manufacturing are used with a wide range of different
meanings. Different vendors of applications include different functionality within
apparently similar applications.

It’s often unclear, from the name, exactly what an application does. Some groups
of applications, for example, Computer-AidedManufacturing, Computer-Aided Pro-
duction Engineering and Digital Manufacturing applications, are similar, and have
overlapping functionality.

7.4.1.2 Islands of Automation

There are thousands of applications in the PLM environment. Any one of these
may, in some circumstance, be required to work independently of other applications.
As a result, it needs all the functionality that makes it usable. This could include,
for example, user interface, mathematics and data management functionality. To
be able to work independently of other applications, it must be able to work as an
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“Island of Automation”. In some circumstances, it’s an advantage to be able to work
independently of other applications. However, in other circumstances, it can lead to
disadvantages. For example, it results in duplication of functionality. And it slows the
flow of data. It may lead to error-prone manual transfer of data between applications.

One part of a company, such as a department, can overcome the problem of having
many Islands of Automation, in part, by using only an “integrated set of applications”
from a single vendor. In this case, some of the physical data transfer problems will
be reduced, and the vendor may provide some means for improving the flow of
information between the individual applications. In all but the smallest departments,
however, it won’t be feasible to buy only an “integrated set of applications” from a
single vendor.

In the future, as current technologies evolve, and new technologies are intro-
duced, it can be expected that new Islands of Automation will appear. They may
be of great importance to individual companies, who will acquire them even if they
aren’t integrated. For the foreseeable future, companieswill have to copewith incom-
plete integration, application-related files and the resulting problems of working with
information that’s connected in real life but unconnected in the applications they use.
These problems, through redundant data, redundant data entry, redundant conversion
of data and redundant application functionality lead to increased operating costs.

7.4.1.3 Departmental Islands, Supplier Islands

Even if one part of a company, such as the design engineering function, could over-
come all these problems and consolidate all its computing and communications
activities into one Island of Automation, it would still face the problems of working
with the Island of Automation in the Manufacturing function, and with the design
engineering function in partner companies. It’s unlikely that these companies would
have chosen exactly the same Island of Automation solution. They could have chosen
a different solution, or they might have decided to work in an environment that’s not
integrated.

7.4.1.4 Interface and Integration Need

Many PLM applications need to share and exchange product data (such as part
numbers, version numbers, product costs) with other applications in the company
(Fig. 7.15).

7.4.1.5 Overlapping Data Management Functionality

Since most PLM applications have to be able to work in a stand-alone mode, they
need to be able to store the product data that they create and use. For example,
they may need to store product names and engineering drawings. The application



7.4 Reality in a Typical Company 271

ERP applications (which manage all sorts of company assets, inventories, capacity, schedules, 
forecasts, orders, costs and revenues)
SCM applications (which manage all sorts of material and financial information across the supply 
chain)
Maintenance, Repair and Operations (MRO) applications which track the status of products, their 
configurations, repair processes, and upgrade status
CRM applications (which manage all sorts of customer information including customer requests, 
requirements, experience and problems)
Marketing and Sales applications (which help implement high-impact Marketing strategies and 
effectively empower sales associates to see sales trends and identify customer needs earlier)
NC controllers (which drive motors on machine tools to produce components and products) 
Human Resource Management applications (which realise the potential of employees, with up-to-
date information about performance, payroll, benefits, and career path) 

Fig. 7.15 Applications that may need to be integrated with PLM

developer develops specific data management functionality to do this. However, the
developers of all other PLMapplicationswill also develop specific, but different, data
management functionality for their applications. The result is overlapping, duplicate
data management functionality.

7.4.1.6 Different User Interfaces

As well as storing data in their own specific ways, many PLM applications have
their own specific user interfaces. And their approach to other common functions,
such as maths functions, may also be specific to each application. Each time that
someone uses one of these applications they waste time in first learning, and then
remembering, the specifics of the application’s interface and functionality.

7.4.1.7 Organisational Match

Application programs often reflect the organisational environment for which they
were created. In the past, organisations have tended to be departmental, and applica-
tion programs matched the functionality and data needs of a particular department.
This limits their usefulness across the product lifecycle.

7.4.1.8 Limited Operating Environment

To manage products across the product lifecycle, most companies use computing
resources of various types from different vendors. Some of these resources may be
stand-alone, others linked together over various types of networks and connections.
They may run on a variety of operating systems. Some of these will be proprietary,
not standardised. Others will, in principle, conform to a standard. However, even
those that are, in principle, standardised, may have minor differences, particularly
between different versions and releases. Many PLM applications only run on one
operating system, so aren’t usable on all the company’s computing devices.
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7.4.1.9 Versions

The different versions of applications, such as CAD applications, are a potential
source of problems. The capabilities of successive versions of a CAD application
can be incompatible. The application vendor may upgrade the application with the
intention of providing better functionality and richer information content. However,
by doing so, it may create the situation where an earlier version can’t make use of all
data created under the new version, and the new version can be limited in its ability
to use data created under the earlier version.

7.4.1.10 Legacy Applications

The computer hardware and operating system at the heart of an application, such as
a CAD application, are also a potential source of problems. If past trends continue,
hardware currently in use won’t be in use in 20 years’ time, yet some companies will
need, in 20 years’ time, to access data currently being created. It could be difficult
for users to recreate exactly the present environment, unless the company intends to
archive its computers, operating systems and PLM applications, as well as its product
data.

7.4.2 Interaction with Other Activities

No PLM application is an island, isolated from the rest of the company. All PLM
applications are closely related to other PLM components. They are also influenced
by other forces within the company, and outside the company. For example, if a
new PLM application is implemented, documentation will have to be developed to
show how it should be used and supported. People will have to be trained to use
and support it. The application may lead to changes in some steps of a business
process, so the process description will need to be changed. The new application
may replace existing applications, so these will need to be retired. The product data
in the existing applications may be archived, or may need to be migrated to the new
application. The new application may enable new working methods. These will need
to be documented. People will be trained to use them.

7.4.3 Interaction with Company Initiatives

Most organisations have many initiatives running. These initiatives have names
such as Enterprise Content Management, KnowledgeManagement, Business Intelli-
gence, Corporate Intranet, Corporate Cloud, Web 2.0, IS Outsourcing, Digital Enter-
prise, Digitalisation, Digital Transformation, Industrial Internet of Things, Industry
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poorly used applications too many applications wildcat applications too many changes to applications 
under-used applications too much customisation duplicate applications slow response to new technology
high cost of applications insufficient user support too many interfaces not integrated with the business

Fig. 7.16 Potential PLM application-related challenges for a company

4.0, etc. Many of these Initiatives address applications. Each initiative is focused on
its own success and tends to see other initiatives as competitors. It’s likely they’ll
see the PLM Initiative as a competitor for resources and for a successful outcome.
It’s important for the PLM Initiative team to identify the other initiatives, and find
out which initiatives will be supportive of PLM and which won’t. And then work out
how to achieve mutual success with all of them.

7.4.4 Generic Challenges with PLM Applications

The PLM application-related challenges that a particular company faces could come
from several sources (Fig. 7.16).

One of the challenges of PLM for a particular company is to identify the PLM
applications that are most relevant to the activities on which the company wants
to focus its efforts. The role, and the potential benefits and disadvantages, of each
application should be clearly understood so that it’s possible to see if, and how, it
could best fit into the PLM environment.

7.4.5 A Generic Vision for PLM Applications

In a PLM Initiative, most companies will want to develop a PLM Vision, a view
of their future PLM environment. Of course, implementation of PLM in different
companies will be different. However, the vision for the future is likely to be similar.
A complete PLMvision addresses all of the components of the PLMGrid. Sometimes
though, a company will just work with a Vision of the components of most interest.
Some typical contents of a PLM vision for PLM applications are shown below,
grouped into six main sections.

7.4.5.1 Digital Company

Activities in all of our business processes across the product lifecycle will be sup-
ported by PLM applications. All our information will be digital. We’ll be a truly
digital company.
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7.4.5.2 PLM Application Architecture and Strategy

There’ll be a document describing our PLM application architecture. There’ll also
be a document describing our PLM application strategy.

7.4.5.3 Product Data Management for PLM

A Product Data Management (PDM) system will provide people in the product
lifecycle with exactly the right information at exactly the right time. Having digital
product data under PDMcontrol will help achieve the objectives of improved product
development and support. With PDM, it will be much quicker and easier to access,
retrieve and reuse product data. The PDM system will manage all data defining and
related to the product across the product lifecycle from initial idea to retirement. It
will provide controlled access to correct versions and configurations. It will enable
the tracking of product configurations.

7.4.5.4 PLM Applications Throughout the Product Lifecycle

PLM applications, such as Automated Product Idea Generation, Virtual Engineering,
Digital Manufacturing, Collaborative Product Support and Computer-Aided Recy-
cling, will be used in the corresponding phases of the product lifecycle. Application
programs will also be used to support the management of the Product Portfolio.

The best applications will be used across the product lifecycle. Advantage will
be taken of modern technology, such as 3D printers that produce prototypes and
parts directly from a CAD model. Manufacturing and maintenance equipment will
be simulated and optimised before use. Simulation will help study the performance
of amanufacturing plant before it’s been physically built or implemented. Computer-
based simulation is low-cost and effective. It uses the models designed in the com-
puter that would normally be the basis for building the plant. It makes it easier to
evaluate before implementing. It allows errors to be identified and corrected before
they are implemented. Models can be built, tested and compared for different con-
cepts. “What-if” analysis can be carried out. Recommendations for improvement can
be made.

7.4.5.5 PLM Application Standardisation

We’ll save a great deal of time and money across the product lifecycle by using
standard business processes, standard product data and standard PLM applications.
Without such standards, each process or application interface would be a source
of problems. Without such standards, duplicate applications are a source of waste.
PLM applications will be harmonised over all sites, and across the product lifecycle.
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There’ll need to be very good reasons to have, for example, different CAD appli-
cations, or different versions of the same CAD application, on different sites. Such
differences can be a barrier to communication and progress.

7.4.5.6 Interfaces

PLMapplications contain important product data thatmust bemade available to other
enterprise applications such as ERP, CRM and SCM. And PLM applications need
to have access to information that’s managed in other enterprise applications. As a
result, some interfaces will be needed. We’ll make sure they are lean and effective.

Interface programs are costly to develop and maintain, error-prone and potential
breakpoints impeding smooth process and information flow.As a result, all interfaces
will be reviewed frequently and their existence questioned. The target is to eliminate
20% of interface programs each year.

7.5 Application Activities in the PLM Initiative

A PLM Initiative takes a company from its current PLM situation to a desired future
PLM situation. More than 80% of the PLM Initiatives in which we’ve been involved
have included applications in their scope.

7.5.1 Application-Related Projects

In the typical PLM Initiative, there are usually many projects related to PLM appli-
cations (Fig. 7.17), Depending on the Initiative, some of these projects may run
independently. Some may run in parallel with others, or overlap them. Others may
be linked to Initiative projects related to business processes, product data and/or
change management.

At the beginning of most PLM Initiatives, some people in the Initiative Team
will probably know a great deal about PLM applications. However, others may lack
some knowledge. And others may know very little. As a result, it’s useful to provide
appropriate training and/or education. An introductory PLM application course can
help people find out about some of the basics of PDM systems and other PLM

define the PLM Application Architecture manage projects related to PLM applications
define the PLM Application Strategy and Plan carry out risk analysis of the application environment
provide training about PLM applications harmonise applications across the company
develop a PLM application glossary select and implement a PDM system
document the PLM application landscape select and implement other PLM applications
review the status of PLM applications define KPIs for PLM applications

Fig. 7.17 Examples of projects related to PLM applications
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applications. They can learn together some of the basics, jargon and vocabulary.
Useful information about PLMapplications can also be gathered frombooks, journals
and websites, from conferences and seminars, from demonstrations by vendors of
PLM applications, and from visits to other companies using PLM.

It will be helpful if PLM application training is given at the outset of the Initiative
from a neutral, experienced expert. Otherwise, it’s only too likely that people will
go round in circles for a considerable time, with everyone becoming more and more
attached to the idea that PLM applications exist mainly to solve their own everyday
problems. For example, some will see the PDM system as being only a solution to
CAD data management problems. Some will see PLM applications just as a way of
managing Bills ofMaterials. Somewill see them as being the answer to configuration
management and traceability problems. Some will see them as a way of making sure
that their favourite procedures are implemented. As time goes by, everyone will
become more and more convinced that they alone are right. The intervention of a
neutral, experienced expert at an early stage can prevent this negative and resource-
wasting state of affairs arising.

7.5.2 PLM Application Status Review

In many PLM Initiatives, a review of PLM applications is carried out. This has the
benefit of making the content and status of the PLM application environment visible
and understandable to everybody. It provides a clear description of the current state
of PLM applications in the company. An analysis of the PLM application environ-
ment often shows room for improvement. There may be duplication of functionality
between some applications, high spend on maintenance of others. Old versions of
some applications may still be running. Different sites may use different versions of
the same application to do the same task. Different sites may use applications from
different vendors to do the same task. The review may lead to some general conclu-
sions about PLM applications, findings about risks and issues, and suggestions for
improvement. The general conclusions about PLM applications are often high-level
and oriented to strategy (Fig. 7.18).

The PLM Application Status Review can highlight the main sources of risk for
PLM applications (Fig. 7.19). These can come from several areas. Making them
visible is a first step to finding ways to reduce the risks.

The review can also show issues resulting from these risks (Fig. 7.20). Once the
issues are clear, ways can be found to prevent them occurring again in the future.

PLM application strategy unaligned with business strategy poor utilisation of PLM application resources
PLM application strategy unaligned with business needs low profile of PLM applications on the business horizon
PLM application strategy unaligned with business processes PLM misunderstood by the CIO Department 
PLM Application Team not reacting to new business needs PLM applications misunderstood by executives
poor success rate of PLM application project completion PLM applications misunderstood by middle managers

Fig. 7.18 General conclusions about the company’s PLM applications
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user issues project management lack of training change management
scope control requirements management project team issues new version synchronisation

Fig. 7.19 Frequent sources of risk for PLM applications

errors in the implementation project schedule too much customisation of PLM applications 
departure of key team members breakdown of project management methodology
scope creep continually-changing requirements for PLM applications
requirements explosion as new subjects appear lack of user commitment and involvement 
lack of management commitment unrealistic PLM application implementation plans

Fig. 7.20 Issues arising from risks related to PLM applications

improve PLM application performance reduce maintenance spend remove overlap of functionality
remove applications no longer in use apply standard procedures remove duplicate applications 
harmonise applications across sites improve interfaces improve response time 

Fig. 7.21 Improvement actions resulting from PLM application analysis

ease of use  industry presence growth potential TCO
fit to business strategy level of support from vendor level of support from partner ROI
fit to IT architecture reliability of the software vendor's track record functionality

Fig. 7.22 Application selection criteria

The PLM Application Status Review can also identify improvement actions
(Fig. 7.21). These can address PLM applications, the way that they are organised,
and the people who use and support them. The review helps identify next steps, and
supports the development of strategies and plans.

Another output from the PLMApplication Status Review can be a set of criteria to
be used in selectingPLMapplications (Fig. 7.22). This can be based on the company’s
experience of selecting PLM applications.

Similarly, on the basis of experience implementing PLM applications, success
factors for application implementation can be identified (Fig. 7.23).

7.5.3 Software Development Approaches

There are two main approaches to software development and implementation. The
classical IS approach to system development has been the Waterfall approach. This
is a sequential development approach in which progress is seen as flowing steadily
downwards (like a waterfall) through various phases such as Conception, Initiation,

executive sponsorship customisation minimisation system testing documented user procedures
focused project data migration strategy OCM strategy win-win contracts with partners
user/SME participation scope management project plan process owner involvement

Fig. 7.23 Success factors for implementing PLM applications
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Naming 1 Naming 2 Naming 3 Naming 4
Phase
1 conception feasibility study requirements requirements 
2 initiation requirements analysis design design
3 analysis system design implementation coding
4 design detailed design verification integration
5 construction programming maintenance testing
6 testing testing installation
7 implementation use maintenance
8 maintenance

Fig. 7.24 Different phases and names in different waterfalls

Analysis, Design, Construction, Testing, Production/Implementation and Mainte-
nance. The Waterfall approach has been applied to different numbers of phases and
different phase names (Fig. 7.24).

The Waterfall approach cuts a large project up into a set of smaller sequential
phases. That makes it easier to plan, manage and execute the project provided that
no changes occur. However, changes nearly always occur, breaking the sequence of
phases and leading to confusion. Sometimes a phase has to be restarted. Sometimes,
it’s necessary to restart a previous phase. Sometimes, rework tasks are added to the
Maintenance phase. As a result, the Maintenance phase includes much more than
maintenance. It becomes a major activity as the system is modified to meet user
requirements. The end result of all the changes is that a project that takes a Waterfall
approach often takes a long time, but fails to produce the solution required by the
users.

The Agile system development approach is an iterative approach which accepts
that user requirements can’t be clearly defined initially, and in any case will change
as the users get to know the new system. In the first step, a high-level project plan
and a high-level view of the targeted system are defined by the project team working
closely with user representatives. Then, working from the high-level plan, the next
steps are defined by the project team. The team then works on these steps, again in
close collaboration with users, to detail them and carry out the activities. A more
detailed view of the system is created. This is reviewed and validated (or not) by
the users. The next steps are agreed and then executed. At each step, a prototype is
built to meet the user’s apparent requirements. Experience of its use provides input
for the next step. Each step builds on the results of previous steps. Compared to
the Waterfall approach, the Agile approach involves users throughout the project,
and repeatedly tests the most up-to-date proposal for the system. This offers the
possibility to identify any need for change and to make corresponding adjustments
as early as possible.

Regardless of the approach chosen,Waterfall or Agile, careful consideration must
be given to the overall project objectives, timeline, and cost, as well as to the roles
and responsibilities of all participants and stakeholders. The approaches must use the
same basic tactics. The location and origin of data, and its transformation through
activities, must be understood. The flow of data and its uses and users at different
timesmust be known. The control issues, such as access rights, audit trails and review
points must be identified.
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Methodology 1 Methodology 2 Methodology 3
Phases 
1 Clarify user requirements Discovery and Planning Create and send RFP to vendors
2 Define the solution Design Evaluate replies to RFP
3 Select the vendor Development Select the system
4 Plan the project Unit Testing Finalise Business Requirements
5 Build Testing Define Functional Specifications
6 Test Deployment Develop Design Specifications
7 Deploy On-going Support System Development
8 System Implementation
9 System Support

Fig. 7.25 Different phases in different methodologies

Most PLM Initiatives use a mix of Waterfall and Agile approaches. Many PLM
application vendors and service providers have developed their own system devel-
opment methodologies. These may use different terminology and have different
numbers of phases and steps (Fig. 7.25).

7.5.4 PDM System Selection and Implementation

At a PDM Conference, a PDM project leader from a well-known company told me,
with a sigh of relief, “At last we’ve finished our PDM project”. “Congratulations”, I
replied, “How much money has PDM made for your company?” The project leader
looked blank, and replied “Well, nothing so far”. So I asked how many people were
using the PDM system. The reply was “None so far.” It was my turn to look puzzled.
Isn’t the purpose of a PDM project to get people to use a PDM system and make
money? Fortunately, the project leader then explained that they had succeeded in
selecting a PDM system. The selection process had been difficult. It had taken more
than a year, with many systems being considered, and everyone was glad that it was
now finished.

It’s strange how people often behave as if the purpose of a PDM project is to
select a PDM system. Perhaps this is because it’s a very clear milestone in the
implementation of PDM. Perhaps it’s because the selection of a new system seems
much more exciting than everyday use of the system. Perhaps it’s because the people
who are involved in selecting a PDM system are rarely going to be users of the
system, so selection of the system equates to the end of their involvement. These
people often come from a central IS or technology group, or some other organisation
that claims to be good at evaluating and introducing new technologies but doesn’t
actually use them.

Yet the real benefits of a PDM system come from its use. They don’t come from
its selection. Companies should focus much less on the selection process and much
more on actually getting the system working and producing measurable financial
benefits. People who think that selecting a PDM system is the objective of a PDM
project have got it wrong. The objective of a PDM project is to increase company
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Fig. 7.26 Standard IS
approach to PDM system
selection

1 identify PDM systems on the market
2 review functions and features
3 find out which PDM systems are used in their industry 
4 make a short-list of systems to review
5 participate in vendor demos
6 select preferred system
7 negotiate price reduction
8 ask system vendor to suggest an implementation partner
9 start implementing

revenues or reduce company costs. Until a PDM project can demonstrate that it has
done this, it’s a failure, and it’s certainly not finished.

7.5.4.1 Standard IS System Selection Approach

We often get asked to help companies who have taken the approach to PDM system
selection shown in Fig. 7.26. This seems to be based on a standard approach to
application selection proposed by their IS organisations.

7.5.4.2 Pitfalls of the Standard Approach

The standard IS system selection approach appears straightforward and simple, but
it fails to address some important areas (Fig. 7.27). As a result, the system that is
selected may fail to satisfy both users and executives.

The standard IS system selection approach also glosses over some important
factors that may hinder system success (Fig. 7.28).

Another issue with the standard approach is that it doesn’t openly address cus-
tomisation and configuration of PDM systems. Although there are advantages to
customisation (Fig. 7.29), most companies have found that these advantages are
outweighed by the disadvantages (Fig. 7.30).

Rather than customising, most companies prefer to configure the PDM system
using the vendor’s wizard. After they’ve done this once, they’ll know how to do it

user involvement fit of system to company procedures availability of PDM system support resources
scalability of system suitable implementation partner fit to the company’s business needs
project planning management involvement different needs for different industries
total cost of ownership Organisational Change Management different needs for different industry positions

Fig. 7.27 Some areas forgotten in the standard system selection approach

resistance to change a lack of basic knowledge about PDM systems 
interdepartmental disputes a lack of understanding of the potential benefits of PDM
takes no account of company culture other projects not liking competition from a PDM project
difficulties in cost-justification takes no account of the specifics of the company’s PLM needs

Fig. 7.28 Factors hindering PDM system success
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customisation can make a system exactly fits the business needs
customisation can make a system easier to use
customisation can provide better control of data access and data entry

Fig. 7.29 Some advantages of customisation of PDM systems

high development cost risk of creating errors elsewhere in the PDM system
high maintenance cost re-assessment needed at each new system release
slower implementation and update risk that customisation is not compatible with the next release
risk of reduced PDM system performance extra training, beyond standard system training, needed for users 

Fig. 7.30 Some disadvantages of customisation of PDM systems

the next time. And there should be less danger of their changes resulting in problems
with system use.

7.6 Best Practice PDM System Selection

The following sections describe a best practice for PDM system selection. Although
it’s a “best practice”, it could be totally inappropriate to some companies in particular
circumstances. Its appropriateness depends a lot on the specific situation in which
the company starts such a project.

In this case, the situation is as follows. The CEO has just told Ms. X to select and
implement a PDM system to manage product data. The company makes machines
that havemechanical, electrical, electronic and software components. The company’s
business processes are perfect as the company has just finished a project to improve
them. Ms. X has been told not to stray into making proposals to change business pro-
cesses. In the business process improvement project, documents and other product
data were improved. Ms. X has also been told not to stray into proposing changes to
product data. Her role is just to implement a PDM system to manage clearly defined
product data that is used in clearly defined business processes. She’s been told the
system should include automated workflows for release management, change man-
agement and version management. Ms X is the company’s most experienced and
successful project manager. In addition to long practical experience in the company
she’s been certified by independent project management organisations.

There are many things to do in a PDM system selection project. Before starting
work, it’s best to identify and list the steps (Fig. 7.31). They don’t necessarily have
to be done one by one. It may be possible to overlap some of them. However, it’s
important to understand what they are, and what’s happening in each step.
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1 prepare the PDM system project 12 write the Statements of Work
2 hold a kick-off meeting 13 prepare and sign the contracts
3 know thyself 14 high-level alignment and planning with partners
4 document the current situation 15 detailed design and planning
5 report business objectives and user requirements 16 build and planning for your PDM system
6 write the RFPs 17 test and validation 
7 know potential partners 18 deployment
8 partner selection 19 go-live
9 make the PDM business case and project plan 20 support and sustain
10 report the PDM business case and project plan 21 PDM system performance review
11 pre-alignment with partners 22 evolve and extend

Fig. 7.31 Steps in PDM system selection and implementation

7.6.1 Prepare the PDM System Project

The objective of this project step is to get the project started successfully. There are
many small tasks in this step of Project Kick-Off (Fig. 7.32).

In view of the likely difficulty of the PDM project, and the many obstacles to its
success, it’s important to get the project off to a good start. The first requisite is top
management support. Without top management support, the PDM project will fail.
A PDM system is cross-functional, it’s costly and it’s long term. Top management
should define the objective of the project, and give authority to the PDM project
leader.

Top management should appoint a Steering Committee for the project. Steering
Committee members should be executive stakeholders from those parts of the organ-
isation involved in themanagement and use of product data. The Steering Committee
should be held responsible for the success of the project. Top management should
appoint a Project Sponsor from the Steering Committee. A cross-functional project
team should be created. Its members should also be drawn from those parts of the
organisation involved in the management and use of product data (Fig. 7.33).

SubjectMatter Experts from across the product lifecyclewill provide details about
activities and product data. A solution architect from IS can help define requirements
and the PDM architecture. A business process analyst can help with modelling the

clarify the scope, objectives and targets of the project list the phases and tasks of the project
clarify the governance mechanisms for the project create a cross-functional project team
propose the way forward make a high-level plan for the project
propose a project team and plan make a high-level schedule for the project
document the proposal and plan write the proposal document
get agreement to proceed present the proposal document to management
clarify the endpoint of the project get top management agreement and support
clarify the authority of the team leader provide training

Fig. 7.32 Some tasks in project preparation

Planning Sourcing / Production Costing  R&D 
Design / Engineering Document Control Service IS 
Manufacturing Engineering Quality / Regulatory Logistics Marketing 

Fig. 7.33 Typical functions providing Steering Committee and Project Team members
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current situation. A support teammember from IS can help understand current appli-
cations.

7.6.1.1 Hold a Kick-off Meeting

It’s important to inform all those who will be involved in the project about its scope,
objectives and expected activities. If people aren’t informed, it’s likely that they
won’t contribute as well as possible.

7.6.1.2 Know Thyself

“Know Thyself” is one of the Delphic maxims. At the beginning of a PDM system
selection and implementation project, two areas of self-knowledge are particularly
important. It’s important to know the reasons for the project. The reasons for the
project are the business objectives. And it’s important to understand the starting
position for the project. The starting position for the project is the current situation
within the company’s PLM environment. Without knowing the business objectives
and the current situation, it’s impossible to know what the PDM system should do
(the system requirements).

7.6.2 Document the Business Objectives

The business objectives for the PDM project are given by top management. Some-
times, they’ll be available because the company has already defined its PLM strat-
egy. In other cases, top management may not be able to provide them immediately.
The project team will then have to piece them together from information that is
more readily available, such as the company strategy, and individual Marketing, IS,
R&D/Engineering, Manufacturing, Service and Recycling strategies.

The relationships between business objectives and PDM may also become evi-
dent from the issues raised, and the concerns expressed, by top management when
discussing PDM and related subjects. The project team should try to identify and
confirm the four or five factors that are the most important for management.

What should the PDM system achieve for the company? There could be a need to
reduce lead times significantly, or to improve product quality. There could be specific
problems that have to be addressed, or relationships with powerful customers that
need to be improved. There may be the intention to suppress some product lines,
or to develop new, or improved, products. There could be plans to change the way
clients and markets are addressed, or the way that work is carried out with design
partners. Management may want to focus the use of PDM on reducing product cost.
Or management may be aiming to reduce time to market by 30%. The only way to
find out about the business objectives of the PDM project is to discuss them with top
management.
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tegraTevitcejbO#

1  maximise product value to increase revenues and profit increase revenues by 5%, reduce costs by 2% 
2  improve innovation bring 2 innovative products to market each year 
3  increase product modularity and re-use 50% increase in number of modules and in re-use 

Fig. 7.34 Business objectives and targets

How will project success be measured? How much time and effort will manage-
ment invest in the project? How and where will the PDM system be managed and
used? Again, the only way to find the answers to these questions is to discuss them
with top management.

If possible, the information obtained from management should be quantified. If
the information is quantified, it will have more meaning, and can be used later both
as a target and as a measure of progress. Key Performance Indicators should be
identified for the business objectives. It’s not enough to know that profitability and
market share must be increased, some quantification is needed (Fig. 7.34). There are
hundreds of ways that qualitative objectives like these can bemet.Without quantified
targets, it’s not possible to differentiate between them. Once management has set the
targets, the project team will be able to differentiate between possible solutions. If
the project team believes that a PDM system can’t help achieve a quantified target,
it has to be able to tell top management why this goal is unrealistic. In such a case,
the project team might be able to propose another solution.

The business objectives provide a clear business focus for the project team. This
will help them greatly. In particular, it should prevent them from drowning in the sea
of information that they’ll produce. Without the business objectives, the project team
can, all too easily, produce technical findings that are of no benefit to the business.
With the business objectives, the project team has clear targets in sight, and can focus
its activities and prioritise its recommendations.

7.6.3 Document the Current Situation

The project team can collect a lot of information about the current situation. To avoid
wasting time, the team should first address four issues. First, it needs to decide how
it will collect information. And how it will report its findings. It needs to report in
a way that will allow the PDM system requirements to be directly linked with the
current situation. Then, it needs to understandwhich areas of the current environment
to address. And it needs to find a way for its findings to be communicated to, and
understood by, many people in the company.

The project team can hold workshops with managers and users to understand
and clarify the current situation. Interviews are another way to find out about the
environment. Questionnaires can be used to collect information. The PLM Grid
(Fig. 7.1) is a useful tool for understanding which areas to address.
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Maps andmodels are a good way of communicating the current situation through-
out the company. They can be understood by top management, stakeholders from
functional organisations, and other participants in the product lifecycle. However,
modelling can become very expensive and time consuming if pursued to a very
detailed level. Initially, the project team should only create high-level models. Fur-
ther refinement can take place once it’s possible to see where detailing is needed.
A good example of a model is the swimlane model. This can be used to communi-
cate a lot of information about roles, activities, product data, PLM applications and
PDM systems. In many companies, models of this type already exist, and they can
be expanded to include any missing details.

The models initially produced by the team should be easily understood by most
users. The level of detail in the model of an activity can then be progressively
increased until the team feels that all activity and information use is shown on the
diagram. Other users can be asked to comment on the model. Models produced by
users in neighbouring activities can be put together to show how the activities fit
together and how information is transferred.

The users should be encouraged to explain their views of the overall product
development and support process. The project team will learn how users receive
work. The teamwill find out how users knowwhen to start working on a project or to
change to another project. The team will find out about the organisational hierarchy,
the release procedure, and so on. They will see where information is created, how it
flows, the way it’s used, distributed and stored and the corresponding management
actions.

A complementary approach is to use the entity–relationship model. Again, indi-
vidual users can be helped to produce their picture of the information they use. Once
the entities have been identified, the next step is to identify their attributes. This
approach, like all modelling activities, can be very time consuming if carried out to
the finest level of detail. The project team should decide howmuch time can be spent
on modelling, and then define the most important activities to be modelled, and the
amount of detail that is required. During the early stages, the project team may not
need very detailed information. The models developed at this stage can be kept, and
then worked on in more detail later, if required.

7.6.3.1 Activities in Scope

The project team should describe each activity in the scope of the project. Its objective
and its position in the product lifecycle should be documented. If necessary, the
activity should be broken down into its constituent tasks. The project team should
identify who is involved in the activity, what they do, how long it takes, and how
often it’s carried out. There are many questions to answer about the description of
the current situation (Fig. 7.35).

The information input, created, used, and output should be described, as should the
sources of information and the definitions of information. If possible, the cost of the
activity shouldbe identified.Anyapplications used in the activity shouldbe identified,
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what is the scope of the product data that the PDM system should manage? 
who are the creators and users of that product data? 
which activities create and use this product data? 
which PLM applications currently create and use this product data? 
which systems currently manage this product data? 
how is product data currently organised and managed? 
how is product data currently released? How is it changed?  
how is product data currently communicated? 

Fig. 7.35 Examples of questions for the description of the current situation

number of existing products and parts average time taken to process engineering changes 
annual number of new products and parts annual number of product development and support projects 
annual number of engineering changes annual number of models, drawings and other documents 
average time to market number of levels and constituents of Bills of Materials 
current total volume of product data  volume of data created each year by PLM applications 

Fig. 7.36 Quantifying the volume of product data

their information requirements described and their interfaces with other applications
described. Management procedures and performance measures associated with the
activity should be described. As well as understanding the overall flow and use
of product data, the project team should also address the individual activities that
create or use this information. These activities, such as engineering design, process
planning, maintenance, disassembly and NC programming will probably be partly
automated but still have a significant manual content. The project team needs to
understand the information needs (input, processing, output and storage) of each
activity area.

Review, release and change processes need to be understood. The project team
should discover how many engineering changes are made, and the way they are
made and recorded. The time and effort required to carry through changes should be
brought to light. The roles and rights of users and managers at change and release
time must be understood.

7.6.3.2 Product Data

As the individual activities are examined, the project team will begin to understand
not only the information needs of each activity, but also some of the key parameters
of the current situation (Fig. 7.36).

The different structures of product data such as Bills of Materials, assemblies
and parts lists should be identified, and other associations such as product/drawing
relationships clarified. The project team will begin to discern the way that packets,
and structures, of information are created, modified and moved between activities.

7.6.3.3 Users of Product Data

The project team will eventually be able to draw up a picture of the current organ-
isation of the company from the point of view of product data. This will show the
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number of users and their locations, both geographically and functionally, and the
way they store and communicate information. It will show where data is stored and
how it’s shared.

The users of product data across the product lifecycle should be identified. An
attempt should be made to understand how users create, access, modify, store and
communicate information. The access needs and rights of users and groups of users
need to be understood by the project team. Shared and redundant data needs to be
identified. Data standards and data ownership have to be understood.

It’s useful to understand the activities of the various groups, or classes, of users.
It will be found that different classes of user have very different activity profiles.
Some users are mainly involved in creating product or process definition data, some
in using data, others in managing documents, in managing changes, in managing
configurations, in managing the overall product-related processes, or in managing
relationships with other functions. Within each class, it will be found that users
often spend relatively little time in their main role. For example, individual design
engineers may only spend about 40% of their time defining product data. Another
40% of the time may be spent on documentation, and 20% on communication of
various sorts.

7.6.3.4 PLM Applications

An inventory of existing PLM applications should be made. It should include all
applications related to products across the product lifecycle. As well as applications
such as ERP, CAD, CAM, CASE and ALM, it should include applications used in
analysis, project management, technical publications, documentation management
and configuration management. The applications should be listed and described.
What do these applications do? Who uses them? What functionality do they have?
They may have a wide range of functionality including information management,
changemanagement, process management and product structure management. Their
use of product data needs to be understood. Any data management systems in use
should be closely examined. An inventory can be made of interfaces between appli-
cations. Interfaces and information transfer between systems should be described, as
should transfer of information to and from supplier and customer systems.

The number and roles of the users of each application can be documented. Any
KPIs related to PLM applications should be noted (Fig. 7.37). Any differences
between applications in similar situations in different parts of the environment should
be described. They can include the use of different versions of the same application,
and the use of applications from different vendors to address the same purpose.

number of different PLM applications annual running cost as % of budget average age of applications 
number of vendors providing applications number of users of applications number of interfaces 
investment in PLM applications as % of budget number of users of each application cost of interfaces 

Fig. 7.37 Examples of KPIs related to PLM applications
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The project team should quantify the Information Systems ability and resources of
the company. The aimof this undertaking is to avoid proposing a solution that requires
IS support that the company’s IS function is incapable of supplying or managing.
The company’s IS function may be centralised, or there may be a central IS group
reporting to the CFO with local IS support teams in each individual function. In
many cases, it will be found that the IS group sees F&A as its primary client, and all
other departments as secondary clients, yet is unable even to provide F&A with the
right service. Similarly, IS support teams in individual functions are often unable to
address strategic issues as they are overwhelmed with mundane tasks.

7.6.3.5 Product Data Management Systems

Information repositories across the product lifecycle need to be identified. An inven-
tory should be made of existing ways of managing product data. These can include
PDMsystems,manual systems for themanagement of product data, andother product
data management approaches (such as databases, file management systems and other
applications). The types of data managed in each repository can be documented. Any
other data repositories can also be documented. They may contain product data such
as product names, Bills ofMaterials, manufacturing instructions, technical drawings,
product specifications, CADfiles, process specifications, quality data and test results.
In different industries, these may contain lists of ingredients, engineering drawings,
CAD and other electronic data and alphanumeric engineering documents. The cur-
rent methods of creating, numbering, classifying, communicating, storing, archiv-
ing, obsoleting and otherwise managing product data can be understood, quantified
and described. The cost structure for the preparation and distribution of documents
should be understood. The volumes of drawings and other documents in storage and
under modification are important parameters. The cost structure for management of
product data can be documented. The quantity of information communicated will
be an important parameter for system and network design. The number and roles of
people managing product data can be described. There may well be comparatively
little-known users and repositories of product data that would be ignored without a
wide-ranging analysis. Any KPIs related to PDM should be noted (Fig. 7.38).

Particular attention should be paid to product data in areas outside the traditional
EngineeringDepartment. There will probably be product data in production planning
systems (such as ERP), NC part programming systems, process planning systems,
analysis programs, test systems, quality control systems, Service systems, office
automation systems and spreadsheets. Suppliers, partners and customers may also
manage, store and use the company’s product data.

the cost of managing product data the volume of product data managed electronically 
the quality level of product data management the volume of product data managed manually 

Fig. 7.38 Examples of KPIs related to PDM systems
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The management of product data, in particular at departmental boundaries, needs
to be understood, as do data security and data integrity issues. The transition rules
between the different states of information must be described. The rules vary along
the product lifecycle, from the initial product concept, duringwhich the information’s
owner can modify it at will, to the time when the product is in the customer’s hands,
and information can only be modified if strict conditions are met.

7.6.4 Identify PDM System Requirements

Having understood the current situation, and knowing the business objectives, the
project team can now move on to the next step of the project. This is to define the
requirements for the PDM system. A detailed PDM requirements document will be
needed as a basis for the development, or more likely, for the acquisition of a PDM
system. This document usually has several sections (Fig. 7.39).

7.6.4.1 The Requirements Document

This document can be used as the basis of the Request For Proposal (RFP) that
will be sent to several potential partners in the next step. The document needs to be
sufficiently detailed to enable the potential partners to make complete proposals. It
will be easiest for the project team to compare these proposals if they are complete

stnetnoClacipyTnoitceS#

1  header purpose of this document, date, authors, version number 
2  introduction to the PDM system project background about the company, objective and timeline of the project, 

its scope, the number of users and their locations, business 
processes

3 information management check-in, check-out, numbering systems (part, document, project, 
etc.), classification systems, history management, audit trails, 
search, templates, objects, document types, metadata 

4 infrastructure management hardware, operating system, network, database, input/digitising, 
output/plot/print, archiving 

5 interface management program interfaces, data interfaces, reports/report interfaces, user 
interface, application programming interface (API) 

6 information structure management Bill of Materials, where-used lists, document structure, variants, 
project-related structures 

7 lifecycle / workflow management lifecycle states, workflows 
8 project management stages, gates, deliverables, reports 
9 portfolio management project selection, pipeline management, resource allocation, project 

comparison, reports, statistics 
10 system administration user definition, user roles, user rights, configuration definition, set-up 

routines, backup, recovery 
11 performance requirements reliability, response time, availability 
12 implementation project plan, development and production environments, 

implementation phasing, dry runs 
13 training training for the system administration team, training for the users of 

the system, training for managers 
14 legacy systems/data migration applications to be migrated, data to be migrated 
15 customisation/configuration customisation strategy 
16 security security needs 

Fig. 7.39 Typical sections and content of the requirements document
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access is required for the people and roles shown on the attached lists 
the system must be able to show different states of a product structure (e.g., green for released, red for retired) 
a variant should be identified by the part number with variant number and version number 
the user must be able to create a hierarchy of projects  
the system should include automated workflows for change management 
the system should include automated workflows for release management and version management 
a template must open automatically in Office when a user wants to create a document from that template 
the system must be able to apply an electronic signature  
the Export function must be able to export to MS Office for analysis and communication purposes  
there must be a graphical means of monitoring currently running workflows  
the system should accommodate the use of document templates 
the visualisation function must have the ability to create and save exploded views 

Fig. 7.40 Examples of requirements

all requirements shall be maintained in one table no overlap or contradiction between requirements  
each requirement numbered and dated, with an owner requirements will be under change control 
clear and unambiguous descriptions of requirements requirements understood and agreed by all stakeholders 

Fig. 7.41 Examples of rules for the list of user requirements

and consistent. It wouldn’t be easy to compare responses if the proposals are full of
blanks and questions.

The document may be 20 pages long, 100 pages long or even longer. Some people
will feel that it’s bureaucratic orwasteful towrite such a detailed document. However,
its preparation helps to identify and clarify requirements, provoke discussion, and
get understanding and agreement. The document can also show issues that have been
discussed but are not included in the final list of requirements.

Each sectionmay contain many individual requirements (Fig. 7.40). These should
be in the form of understandable phrases. They will need to be understood by many
people in the company. And by many people in partner companies.

7.6.4.2 Rules for Requirements

The project team should define the process of collecting, analysing, prioritising and
managing requirements (Fig. 7.41). Otherwise, the situation can easily get out of
hand.

The requirements document should show if a requirement is an essential part of
the solution. If it is not, it should be assigned a relative importance factor. The first list
that the project team produces will probably have very many entries. These will have
to be examined closely, grouped and checked to ensure that duplicate or conflicting
entries are not included.

7.6.4.3 Requirements Relative to the Current Situation

Among the key factors in determining the functionality that a company needs from
a PDM system will be the quality, quantity, and coverage of the data management
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applications that are already in place across the product lifecycle. What do these
applications do? What functionality do they have? How will they fit with PDM? Is
the PDM system seen as a replacement for these applications? Is it an add-on? To
what extent should it be integrated with them?

PDM systems can offer a wide range of functionality including information man-
agement, workflowmanagement and product structure management. Some, or all, of
these functions may already be present in a company’s existing applications. Prod-
uct structure may be managed in parts master, BOM and ERP applications. Some
information management functionality may be built into another application such as
a CAD application. Or it may be in an ALM application developed in-house.

The required functionality will also depend on the way the company is currently
organised, and the way it will be organised in the future. If everybody is on one
site, then multi-site functionality may not be needed. On the other hand, if users
are spread over several locations, multi-site functionality will probably be needed.
If product development and support is carried out in teams, or the company has
taken a Concurrent Engineering approach, then corresponding functionality would
be looked for in the PDM system.

7.6.4.4 Gathering and Confirming the Requirements

The project team should be aware of many of the requirements for the system. How-
ever, they should discuss their suggestions and gather further requirements through
workshops with managers and users. And before reporting to top management, the
team should confirm the list of requirements in a final workshop.

7.6.4.5 Report the Business Objectives and Requirements

The project team will collect an abundance of data about business objectives and
requirements. However, it mustn’t present all of this to top management. Instead, it
must distill it into an easily understandable document. Management should be able
to quickly review the document. It should recognise the description of the current
situation. It can confirm that the requirements correspond to the business objectives.
The project team can try to produce a one-page overview that contains all of the most
important data. This should show how the business objectives are to be met. Some
information can be put in an Appendix. It could include the major functions and
systems currently involved, with an indication of the volume and type of information
created, used and communicated. The results should provide a complete picture of
the company’s use and management of product data across the product lifecycle.

Once the project team has produced a brief executive summary of the main points,
the team leader should present the results to top management, who will probably
ask that they also be made available to functional managers. Some managers will
probably want to look at the detailed findings, and it may take several weeks to get
the results formally agreed, and the next phase of the project started.



292 7 PLM and Product-Related Applications

Fig. 7.42 Potential partners PDM System Vendor System Integrator OCM Consultant PM Consultant 

A 1 J U 
B 2 K V 
C 3 2 X 
D 4 3 Y 
E 5 5 2 
F C B 4 
G E C C 

Invariably, the investigation will have shown the opportunities for improving the
management of product data, both by cleaning up the current process and by imple-
menting a PDM system. The objective of understanding the way that product data is
used and managed will have been achieved. The goals of “Know Thyself” will have
been met. The reasons for the project will be clear. The starting position within the
company’s PLM environment will be clear.

7.6.5 Know Your Partners

The previous steps were about “Know Thyself”. The objective of this step is to get
to know potential partners and to select the partners for the rest of the project.

7.6.5.1 Identify Potential Partners

The first step is to identify potential partners. Their names can be included in a table
so that everybody is aware of the scope being addressed (Fig. 7.42). In addition
to selecting a PDM system vendor, the company may also want to select a system
integrator to implement the system.The companymayalso be looking for a consultant
to help with management of the PDM system project. It may also need a consultant
to help with Organisational Change Management.

7.6.5.2 Write and Send the RFPs, Receive Replies

The project team can nowwrite aRequest for Proposal (RFP). Thiswill informpoten-
tial partners that the company is looking for a PDM system and associated services.
It asks them to make a proposal, usually before a certain date. The proposal should
specify how the partner could respond to the company’s requirements. It should also
specify the proposed price and delivery conditions. The RFP isn’t necessarily limited
to the list of requirements. It can also include more information about the company.
And it can ask for additional information about the potential partner, for example, its
financial situation, its employees and its customers. And it can ask for details about
the products and services that are proposed.
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Fig. 7.43 Short list of
candidate partners of each
type

PDM System Vendor System Integrator OCM Consultant PM Consultant 

A 1 J U 
C 2 K 2 
D C 2 C 
E E C  

7.6.5.3 Make a Short List of Candidate Partners

After the replies to the RFP have been received, the project team needs to com-
pare the replies about each candidate partner with the company’s requirements. It
will probably be apparent that some potential partners aren’t suitable. They can be
removed from the table, leaving a short list of candidate partners (Fig. 7.43).

7.6.5.4 Benchmark Candidate Partners

Although the company may be looking for a number of partners, the most important
choice usually concerns the PDM system. The other partners can be selected once
the system has been chosen.

A lot will be learned about a PDM system from the vendor’s reply to the RFP.
However, even more information may be needed before the final choice is taken. The
next step could be to ask for an in-depth demo of the candidate systems. This could
result in the number of candidates being further reduced.

As a final step, the project team can create a benchmark script involving the most
important and pertinent functions and features identified in the list of requirements,
and ask the remaining vendors to demonstrate the scripted activities. Exactly the
same test should be used for each system. The test should be typical of the work
carried out by the company. The benchmark isn’t carried out to provide a general
evaluation of the system, but to test it for use in the company. The test should be
prepared well in advance of the benchmark event, and should relate directly to the
features that are of most importance for the project team. A scorecard can be created,
and the scores noted for each activity for each vendor.

However, it may be difficult to simulate, in a benchmark, the real-life environment
of multiple users, multiple systems, and very large volumes of data. For complex
environments, benchmarking can be a difficult activity, and the results should be
treated with caution. Poor benchmark performance may result from poor benchmark
specification or a failure by vendor personnel to understand the project team’s request.
A benchmark of a system that is going to play a major role in managing product data
is extremely difficult and time consuming in view of the complexity, high volumes
and multiple relationships involved.

As an alternative to benchmarking, or as an additional activity, the project team
may decide to build a prototype solution in-house. This will probably involve some
payment to the vendor, but will allow the project team to see in more depth how the
system corresponds to requirements. It may also be possible to develop small PDM
prototypes that users can run in everyday work.
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Fig. 7.44 Scenarios of
systems and partners

 Scenario 1 Scenario 2 Scenario 3 Scenario 4 

PDM System Vendor   A A C C 
System Integrator  1 2 C 2 
OCM Consultant  J 2 C K 
PM Consultant  U 2 C C 

In some companies, top management may insist that benchmarking and/or pro-
totyping don’t take place before decisions are taken about likely partners. In others,
top management may feel that it’s useful to have some practical experience of PDM
before finalising the decision.

7.6.5.5 Identify Scenarios

Once the project team has completed the above steps, it should be in a position to
identify several potential scenarios meeting the requirements. These should take into
account not only PDM systems, but also financial and organisational aspects.

The systembenchmarkwill probably have led to the elimination of some candidate
PDM systems. As a result, only two candidate systems may remain (Fig. 7.44). It
will be useful to investigate between three and six scenarios. The project team needs
to describe each scenario in detail along with its strengths and weaknesses. This
exercise helps gain an in-depth understanding. Often it’s by trying to understand the
strengths of a scenario that the weaknesses of other scenarios become apparent.

7.6.5.6 Potential Benefits

The company expects the PDM system to help it meet business objectives. Now that
the project team is close to making a final choice of system, it should take another
look at the expected benefits. The project team will know, from its discussions with
top management, the business objectives on which it should be focusing. Typically,
these will include reduced lead times, reduced product costs and improved quality.

It’s important that the rightmeasures of PDMperformance are used to describe the
prospective benefits. Themeasures should be related to business characteristics, such
as lead times, cycle times, number of engineering changes, number of parts, number
of defects, cost of design and cost of production, and not to system characteristics,
such as the number of users of the system, or the volume of data managed by the
system. It’s not easy to identify the most suitable measures. It’s just as difficult to get
agreement on them from top management, the project team and the managers who
will be judged against them.

The project team will need to show how the scenarios that it proposes meet the
business objectives, and show how it will be possible to measure progress towards
achieving specified targets. The identified needs will have to be quantified. How
much would be gained from quicker response to customers? How much would be
gained if people spent 10% less time looking for information? What is the cost of
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not having an effective release procedure? How much would be saved if engineering
changes were under control? How much would be saved if the number of adminis-
trative engineering staff could be reduced?What would be the saving from improved
configuration control and traceability? What would be the benefit of synchronised
engineering processes? How much would be saved by eliminating redundant data
entry? How much could be saved by avoiding unnecessary transfer and conversion
of data between systems? What is the value of improving security? What is the cost
of unnecessary paperwork? What is the cost of bringing a product to market one
month late? What is the cost of selling a low-quality product? What is the value of
a longer sales window? What can be saved by reducing scrap and warranty costs?
What is the cost of having to sell a product for less than the specified price? How
much can be saved in Engineering, and how much in other functions?

7.6.5.7 Specific Benefits

Having understood the likely benefits of introducing the PDM system, the team
should estimate the value of those that correspond to the business objectives.

7.6.5.8 Costs

The other side of the coin to the benefits is the cost of achieving them. The costs of the
systems and their operation and maintenance, and other technical and organisational
costs should be identified.

PDM system costs to be considered include not only those for purchase and instal-
lation of the system, but also new versions, expansion of the system, and interfaces
to other systems. The total cost of a system over its expected lifetime should be
understood, taking account of the cost of hardware and infrastructure, initial con-
figuration and customisation, the cost of customising upgrades and ongoing support
and maintenance costs.

Corresponding organisational costs should also be identified. These could include
those for consulting, project management, organisational change management,
implementation planning, training, development of procedures and documentation,
system management and support and potential changes in management roles and
responsibilities.

7.6.5.9 Other Criteria

Other criteria to be considered in the scenarios include several related to the PDM
system vendor. Among these are vendor commitment to PDM, the development
plan, ability to develop and upgrade, maintenance record, growth record, user group,
delivery time and availability of technical assistance.
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7.6.5.10 Roadmap and Plan

The project team should develop a high-level roadmap/implementation plan for each
scenario. The implementation plan produced at this stage by the project team should
address both the long term and the short term. For the long term, it provides manage-
ment with the information necessary to understand the resources that the project will
require. It shows the activities that will be required in related areas. It shows how the
initial installation fits into a long-term development plan. The more specific the plan
is, the better. It should define an overall implementation timetable showing how the
implementation of PDM will be split into manageable projects. All companies are
different, so each will have a different implementation plan which should be built up
of manageable and prioritised sub-projects.

Many companies find that it’s best to start by getting product data under control,
and making sure it’s clean. The next step is often to implement and populate the
Information Vault. This will provide a basis for implementing release procedures.

In the next step, most companies will want to move on to three major activities.
These are product structure management, engineering change management, and the
integration of the PDM system with applications such as ERP.

The project is likely to be carried out in phases. As a result, there’s usually a set
of plans addressing different time periods. A top-level phase plan should show the
entire project over its expected duration (Fig. 7.45).

Another plan will show the major tasks of the current phase (Fig. 7.46). The
plan should be confirmed with top management before project activities start. Top
management should be kept aware of progress, and of any problems that may arise.

The short-term plan should show management which actions will be taken in the
short term. The plan is more likely to be accepted if it includes some actions that
will lead to short-term savings and other short-term benefits.

Phase Activity Y1  Y2  Y3  Y4  
H1 H2 H1 H2 H1 H2 H1 H2 

Prepare Phase 1 (Design to Deploy) 
Execute Phase 1 activities 
Prepare Phase 2 (Use and Support) 
Execute Phase 2 activities 
Prepare Phase 3 (Review and Breakeven) 
Execute Phase 3 activities 
Prepare Phase 4 (Evolve and Extend) 
Execute Phase 4 activities 

Fig. 7.45 The planned phases of the project

Fig. 7.46 The plan for the
first phase

Activity M1 M2 M3 M4 M5 M6 

Detail the plan for Phase 1 activities 
Manage the Phase 1 activities 
Execute Detail Design and Plan activities 
Execute Build and Plan activities 
Execute Test and Validate activities 
Execute Deploy activities 
Report Phase 1 activities 
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Fig. 7.47 Result of scoring
the scenarios

4oiranecS3oiranecS2oiranecS1oiranecS

Benefits  5 4 3 3 
System Costs   1 1 3 3 
Organisational Costs  1 1 2 1 
ROI  4 4 3 3 
Risk  1 1 4 3 
Other  3 3 4 4 

Total Score  15 14 19 17 

Final Ranking  3 4 1 2 

7.6.5.11 Return on Investment

With the timing of expected costs and benefits known, the ROI can be calculated for
each scenario. As the implementation of PDM is a long-term activity, the costs and
benefits will need to be worked out over a 5-year term. A discounted cash flow return
on investment calculation will be appropriate.

7.6.5.12 Risks

There may be potential risks from many sources, not only technical but also organi-
sational. The risks associated with each scenario should be identified and quantified.

7.6.5.13 Build the Scenarios

The scenarios can now be compared (Fig. 7.47) taking account of costs, benefits and
risks.

7.6.5.14 Prepare and Present the Scenarios

The project team needs to understand, and to be able to communicate, the major
differences between the scenarios from the business point of view. This is a high-
level message it will give to top management.

7.6.5.15 Select the Partners

In different companies, this activity will take place in different ways. In some cases,
top management will want to examine the scenarios in detail and then take the
decision. In other cases, the project team will be free to take a decision which top
management will then review.
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requirements project schedule project phases project scope price 
PDM system vendor role costs acceptance criteria payment date payment terms 
service provider role benefits deliverables value penalties 

Fig. 7.48 Subjects to clarify in the Statements of Work

7.6.6 Pre-align with Your Partners

The objective of this step is to get high-level alignment and agreement within the
company, and with partners. By the start of this step, the company knows which
PDM system it wants and with which partners it will work. Next, it wants to sign
contracts and start working. However, before doing so, it will have to meet with the
partners, explain to them what has been decided and clarify the next steps.

During the pre-alignment phase, the activities of each partner are detailed in
Statements of Work (Fig. 7.48). Contracts are prepared.

A Statement ofWork (SOW) is a document that defines the work, deliverables and
timeline of a particular activity. Statements of Work are written to define the work to
be carried out by the vendor of the PDM system or by a service provider. However,
some companies also write to them to clarify work that will be carried out by specific
groupswithin the company.AnSOWcan addressmanyworking terms and conditions
including requirements, scope, phases, acceptance criteria, price, payment schedule
and deliverables schedule.

After the RFPs were sent, as a result of various proposals, the company may have
made some minor changes in its requirements. These will have to be discussed with
the partners. Depending on the exact constellation of partners, some changes in the
scope of activities of each may be needed. And there may be some changes in the
dates in the project plan compared to the project dates proposed in the RFP.

When the details of the contracts and Statements of Work have been agreed, the
company and the partners will sign them.

7.6.7 Align and Plan with Your Partners

By the start of this phase, the company and its partners will have signed contracts
and SOWs. However, although the partners will have described what they intend to
do in the project, they won’t have actually started work. They will have invested time
in talking to the project team, in describing their activities, in writing the proposal,
and in discussing SOWs and contracts. However, they won’t have started doing any
project activities. This is normal. Until contracts were signed it wasn’t 100% sure
what they should do. And as contracts hadn’t been signed, they wouldn’t have been
paid for anything they did.

It’s only now that contracts have been signed that work can start. As a result,
there’s now a phase in which the pre-aligned agreements have to be reviewed and
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detail the PDM system architecture detail workflows detail all use cases 
detail the objects in the PDM system create the design specifications hold user workshops 
detail any required system configuration detail the object lifecycles develop prototypes 
detail any required customisation of the system define system administration needs manage the project 
detail data migration strategy and plans clarify access rights detail any required interfaces 
update the plan/roadmap for next steps detail test strategy and plans detail the required data model 
define required PDM system policies detail training strategy and plans detail any required forms 
define required PDM working procedures identify users of the PDM system detail reporting requirements 

Fig. 7.49 Tasks of detailed design and planning

detailed. The alignment defines in detail the work to be carried out in the Detailed
Design, Build, Test and Deploy phases.

7.6.8 Carry Out Detailed Design and Planning

At the beginning of this step, the company and all the partners have agreed what has
to be done. And there’s a detailed plan showing when it should be done. This step
has two objectives. The first is to design in detail all the parts, or units, that will be
needed to deploy a successful PDM system. The other is to create a more detailed
plan showing how these parts will be built, tested and deployed in the following
phases.

The output at the end of the step includes the design specifications and more
detailed plans for the following phases. The required resources and risks are known
for each activity. The design specifications will show, in detail, how the PDM system
will be configured and customised.

There’s a lot to do in this step (Fig. 7.49). The potential states of data need to be
defined (e.g. in-process, in-review, released, under revision, withdrawn) for each data
element. Data ownership issues must be resolved, and the rights and responsibilities
defined for both the owners of private data, and the administrators of shared data.
Access, security, collection, quality, maintenance and documentation issues must be
resolved for both types of data.

7.6.9 Build and Plan the PDM System

By the beginning of this step, the detailed design has been completed. The objective
of this step is to build, adhering to the design documents, all the parts, or units, that
will be needed to deploy successfully the PDM system. This is usually the largest
step, containing many tasks (Fig. 7.50)
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configure system according to design develop user documentation build workflows 
build the data model develop working procedures develop interfaces 
configure forms clean up data carry out unit testing 
configure reports build data migration tools develop prototypes for user review 
customise software as detailed build data migration scripts update plans for next steps 
develop any new software build test scenarios and scripts manage the project 
develop training material build user profiles (roles, rules, rights) hold project progress meetings 

Fig. 7.50 Tasks in build and plan

install and test the system environments carry out disaster recovery tests effect user acceptance tests 
carry out unit tests/full system tests carry out system performance tests update plans for next steps 
carry out import/export data migration tests execute system performance tuning manage the project 

Fig. 7.51 Test and validation tasks

7.6.10 Test and Validate the PDM System

The objective of this step is to test and validate that all the parts, or units, built in the
previous step, work together prior to deployment (Fig. 7.51). Test scenarios are run,
issues identified and resolved.

In parallel, training is provided for users and system administrators.

7.6.11 Deploy the PDM System

The objective of this step is to put in place a fully operational system for users. Main
tasks include deployment and migration (Fig. 7.52).

In parallel with these activities, training is provided for users and system admin-
istrators.

7.6.11.1 Go-Live

Go-Live occurs after successful deployment of the PDM system.

deploy the production system deploy interfaces deploy support services 
carry out data migration activities update plans for next steps manage the project 

Fig. 7.52 Deployment tasks
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get user feedback continue executive education provide on-site support implement new system versions  
maintain the system deploy to remaining sites provide hotline support resolve system issues 
manage the project provide on-going user training monitor system use update plans for next steps 

Fig. 7.53 Support and sustain tasks

7.6.12 Use the PDM System

The initial use phase of the PDMproject may be run under the overall authority of the
project team, but an increasing proportion of work and responsibility should be given
to the managers and users who have to use the system that has been implemented.

However, the project team must retain responsibility for key issues such as the
project plan and budget, performance, interdepartmental reorganisation and training.
One of their major responsibilities at this time is tomake sure that the implementation
takes place within the agreed budget and time limits. This is a testing time for the
project team. Everything they have done so far will be to no avail unless real benefits
are now produced for the company and for users.

7.6.13 Support and Sustain the PDM System

Although initial use of the PDM system may appear to some people as the end of
the project, it’s actually only the beginning of the use of PDM to produce business
benefits.

The initial deployment of the PDM systemmay only have been for a small number
of users, or just one of many sites, or to support just one business process. During
this step (Fig. 7.53), the deployment scope may be broadened.

7.6.14 Review PDM System Performance

Once the PDM system has been in use for a year, it’s important to review its progress.
There are several reasons for reviewing performance (Fig. 7.54).

It’s only too easy for management to agree to a large investment in a PDM system.
And then, faced with everyday firefighting activities in other parts of the company,
forget about the project, assuming subconsciously that it’smaking goodprogress. The
objective of this step is to formally evaluate progress towards the targeted objectives

identify any slippage between plans and reality make progress towards targets visible communicate success 
learn from experience; avoid repeating mistakes put the project back on the right path find out what didn't work well 
find out what worked well in the project find out what could have been better document lessons learned 

Fig. 7.54 Reasons for reviewing PDM system performance
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progress against plan problems costs (actual vs planned) improvement suggestions 
progress towards benefits number of users lessons learned about PDM next steps 
achievements KPIs risks and issues in the project user experience 

Fig. 7.55 Contents of the performance review report

and benefits. A report will be issued to management, and appropriate actions will
take place (Fig. 7.55).

7.6.15 Achieve Breakeven for the PDM System

A PDM system project can only be considered to be successful once the system has
been in use long enough for the benefits it produces to exceed its costs. That may
take a long time. Starting from the time that people in the company first show interest
in PDM, it may be several years before the costs are recovered.

7.6.16 Evolve and Extend the PDM System

The objective of this step is to identify and implement improvements and extensions
to the PDM system. A continuous improvement approach should be taken. Each
year, for example, use of the system can be reviewed and potential improvements
identified. A list of potential requirements, along with their costs and benefits, can
be proposed to the Steering Committee for approval.

7.7 Learning from Experience

PLM applications are addressed in many PLM Initiatives. From involvement with
many companies, lessons can be learned about success and failure.

7.7.1 From the Trenches

7.7.1.1 Process Before System

Westartedworkingwith a company someway through its PLM Initiative. The project
was in a phase where the main focus was the implementation of a PDM system
that had been selected in a previous phase. To understand requirements better, the
company started looking at the product-related business processes. After defining
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new processes, the company saw that the system didn’t meet its needs. It looked for,
and found, another PDM system that corresponded better to its needs.

7.7.1.2 Faraway

The company had several BUs, one on the Head Office site, the others in different
countries. Each BU had a different CAD system. A team made up of members from
all the BUs had been given the job of selecting CAD and PDM systems for the future.
They asked us to provide some neutral, external help. We got the team to look at
the as-is situation, including business processes and applications. We got them to
look in company plans and BU plans to see how the company wanted to work in
the future. The team then made a proposal for a common CAD and PDM solution
worldwide. The selected CAD system was already used by some of the BUs, but not
on the Head Office site. The PDM system selected by the team was from the same
vendor as the CAD system. The team presented their report to top management. The
company president, who hadn’t been available for discussion with the team, said the
team was faraway from reality, and the company would implement the CAD system
being used at the Head Office site.

7.7.1.3 PDM Is for the Product Lifecycle

A manufacturer of high-tech machines asked me to help with selection of a PDM
system. As a first step, they wanted to map the design and manufacturing processes.
Their HQ was far from my home. By chance, in a restaurant one evening, I met one
of their service engineers who was attending a quarterly meeting. We got talking.
He told me he was on the road every week fixing problems. The customers wanted
customised products, but the company didn’t have the systems to make sure all the
parts for a specific order fitted together. What worried him even more was that, when
he filed an error report about a part, it took more than a year before the problem was
fixed. During that time the plant went on making the wrong parts. Logistics delivered
them to customers, and he had to go and fix them and pretend he didn’t know what
was wrong. I got the company to extend the process mapping activity in the PDM
system selection project to look at the whole product lifecycle including installation,
maintenance and end of life.

7.7.1.4 So That’s What We Do

The newmanager of Engineering IS in an aerospace company asked me to help them
select their new CAD system. He had been in another department of the company
for about 20 years, but had not been involved previously with CAD. I told him
we should identify all the creators and users of CAD data, and understand their
requirements. It soon became clear that the previous manager of Engineering IS had
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only been interested in a small area of CAD. About 90% of the potential users had
been neglected. As I talked to the users, I created a model of the flow and use of
engineering information. I included this as an appendix in the final report. On one
page of the model was an overview. It showed the flow starting with the requirements
for a new aircraft, going through design, and ending with production. The next three
pages had the details for requirements management, design and production.

A presentation was made to the Board, and they accepted the conclusions of the
report. After the presentation, as I was leaving, I just had time for a few words
with the Engineering IS manager. He didn’t say anything about CAD. He just said,
“Thank you very much for the appendix. It’s helped me a lot. I’ve been here more
than 20 years, but until now I’ve never understood how we go about making a new
aircraft”.

7.7.1.5 A Clean Slate

There was an unusual reason for an assignment with a company of less than 100
people. The CAD Manager had been unhappy with the lack of recognition of his
efforts in implementing and supporting a CAD system over several years. As a
result, he left. But not before deleting all of the CAD files. And the backup files. It
was a good reminder that PLM isn’t just about technology.

7.7.1.6 Now I Begin to Understand

Sometimes it’s not easy for people who aren’t directly involved in everyday work to
understand the corresponding issues. In one company, it wasn’t until we showed the
contents of Fig. 7.56 to one of the managers that he understood how difficult it was
for engineers to keep track of file names.

Directory: truck.glass43 
Glass1.model4.x11.ds8 1940 12-07-10 ww r 
Glass1.model4.x13.ds8 2218 12-11-10 ww r 
Glass1.model4.x14.ds8 2034 12-12-10 ww r 
Directory: truck.glass44 
Glass1.model1.ds8 920 12-12-10 ww rw 
Glass1.model2.ds8 950 12-12-10 ww rw 
Glass1.model4.ds8 1046 12-14-10 ww rw 
Directory: truck.roof43 
Abeam1.right1.try1.ds8 245 01-01-11 hk r 
Abeam1.right1.try2.ds8 235 01-05-11 hk rw 
Abeam1.right1.try3.ds8 254 01-05-11 hk r 
Abeam1.right1.try5.ds8 234 01-03-11 hk rw 
Abeam1.right1.try7.ds8 244 01-08-11 hk r 
Abeam1.riqht1.try8.ds8 254 01-05-11 hk rw 

Front1.riqht1.try1.ds8 483 01-01-11 rj r 
Front1.right1.try2.ds8 485 01-01-11 rj r 
Front1.right1.try4.ds8 487 01-03-11 rj r 
Front1.right1.try5.ds8 483 01-04-11 rj rw 
Front1.right1.try5.ds8 495 01-03-11 rj r 
Front1.right1.try9.ds8 476 01-04-11 rj r 
Front1.right1.trya.ds8 509 01-05-11 rj r 
Glass1.bills1.ds8 2034 12-12-10 ww r 
Blend1.my1.try1.ds8 532 01-10-11 rj rw 
Blend1.my1.try2.ds8 603 01-12-11 rj rw 
Blend1.my1.try5.ds8 552 01-15-11 rj rw 
Blend1.my1.try6.ds8 623 01-12-11 rj rw 
Blend1.my1.try8.ds8 673 01-11-11 rj rw 
Blend1.my1.try9.ds8 663 01-12-11 rj rw 
Blend1.my1.trya.ds8 662 01-12-11 rj rw 
Blend1.my1.tryb.ds8 623 01-16-11 rj rw 

Fig. 7.56 File names in file-based data management
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no review of PLM applications in use no executive involved no business targets not knowing integration costs 
not involving users in selection no training for users no business case no education of executives 
not knowing maintenance costs no key user  no KPI no plans or targets for use 

Fig. 7.57 Pitfalls of PLM application implementation

7.7.2 Pitfalls of Application Implementation

PLM applications are implemented in many PLM Initiatives. From experience, there
are many pitfalls waiting for those implementing PLM applications (Fig. 7.57).
Knowing about a pitfall helps to avoid stepping into it.

7.7.3 Top Management Role with PLM Applications

7.7.3.1 Provide Vision and Leadership

Unless top management is involved, there’s a danger that applications will become
a victim of the general lack of vision and coordination that many companies exhibit
towards IS. Information Systems have become a tool with which a company can
gain competitive advantage. They have become an important component of company
strategy. During the company strategy development process, account should be taken
of the possibilities IS can offer in helping to meet the corporate goal of providing
optimum products and services to customers. PLMmust be seen as part of the overall
IS strategy. It can’t take its rightful place if topmanagement is unaware of its existence
and potential. Top management needs to ensure the appropriate organisation of IS,
and its relationship with the rest of the business.

7.7.3.2 Involvement with PDM

When a PDM system is introduced, there may be great pressure to install it and get
it working as cheaply as possible. This can be expected to lead to minimum, or zero,
investment in the organisational aspects and, a few years later, the realisation that
the system is not fulfilling its initial promise. To avoid this unfortunate result, top
management must be involved in the early stages of introducing PDM, and make it
clear that the initial objective is not to select the solution that appears quickest and
cheapest. Instead, top management must ensure that the decision takes full account
of the company’s PLM objectives, the roles of PDM and PLM in the future, and the
organisational actions that must be taken for an apparently technological solution to
be used successfully.
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7.7.3.3 A Strategy for PLM Applications

Topmanagement should ensure that there’s a strategy for PLM applications.Without
such a strategy there will be chaos and waste. IS policies and standards are also
needed.

7.7.3.4 Clarify the IS Role

Top management needs to make sure that IS professionals understand their role in
PLM. They’re not just expected to acquire and provide applications. They also need
to participate in helping the company transition to the new PLM paradigm.

7.7.3.5 Communication

In a PLM project, a chasm can emerge between IS and the rest of the business. Top
management should make sure this rift doesn’t occur. Communication plays a key
role.

7.7.3.6 Vendor Control

Topmanagement needs to make sure that the IS organisation ensures that application
vendors provide the products and services required by the company. Topmanagement
needs to avoid the situation in which the IS organisation and the application vendors
are on one side, and the rest of the company is on the other side.

7.7.3.7 Budget

Top management needs to provide the funding for acquiring and supporting the IS
resources needed for PLM.
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Chapter 8
PLM, Techniques and Methods

8.1 This Chapter

8.1.1 Objective

The objective of this chapter is to give a basic introduction to techniques and meth-
ods as they relate to a company’s PLM environment and PLM Initiative. This will
help those in a company’s PLM Initiative to understand such techniques and meth-
ods, of which there may be many in the company, and participate more fully in
the PLM Initiative. This chapter also aims to give students taking PLM courses a
basic understanding of the methods and techniques component of a company’s PLM
environment.

8.1.2 Content

This chapter addresses the special working methods, or techniques, that are used in
PLM. They range from methods used by one or two technical specialists, to broad-
brush management approaches applicable to everyone in the company. These tech-
niques are intended to improve performance. They’re often seen as a Best Practice at
a particular moment in time. About 50 methods are described in this chapter. Exam-
ples includeDesign for Six Sigma (DFSS), EarlyManufacturing Involvement (EMI),
Just In Time (JIT), Lean Techniques, Quality Function Deployment (QFD), Taguchi
Techniques, TRIZ, Value Analysis and Value Engineering. Common characteristics
and issues of methods in the PLM environment are described.
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8.1.2.1 Skills

This chapter will give students, in classes for which this book has been assigned,
a basic understanding of techniques and methods in the PLM environment. They’ll
learn what techniques and methods are and why they are important. They’ll be able
to explain, communicate and discuss techniques and methods and related activities
in a PLM Initiative.

8.2 Introduction

Previous chapters have addressed products, product data, the business processes that
create and use product data, and the applications that create, use and manage product
data. This chapter looks at methods, another component of the PLM Grid (Fig. 8.1).

Like most things in the PLM environment, “methods” are referred to by different
names by different people (Fig. 8.2).

The constituents of this component of the PLM Grid are intended to improve
performance (Fig. 8.3).

Computing and communication environment 
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Fig. 8.1 The PLM grid
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techniques approaches practices programs  
how toís methodologies work methods best ways

Fig. 8.2 Some different names for methods

reduced time to market quality improvement reduced manufacturing costs 
improved service cycle time reduction reduced Cost of Quality 

Fig. 8.3 Typical performance improvements expected with methods

Methods are used across the product lifecycle. Examples include Activity-Based
Costing (ABC), Concurrent Engineering, Design for Assembly (DFA), Design for
Environment (DfE), Design for Manufacture (DFM), Design for Recycling (DFR),
Design for Six Sigma (DFSS), Design for Sustainability (DfS), Design to Cost
(DTC), Early Manufacturing Involvement (EMI), Early Supplier Involvement, Fail-
ure Modes and Effects Analysis (FMEA), Fault Tree Analysis (FTA), Group Tech-
nology (GT), Life Cycle Assessment (LCA), Lifecycle Design (LCD), Open Inno-
vation, Plan–Do–Check–Act (PDCA), Poka-Yoke (PY, Mistake-Proofing), Quality
Function Deployment (QFD), Reliability Engineering, Roadmapping, Robust Engi-
neering, Simultaneous Engineering, Stage/Gate methodologies, Taguchi techniques,
TRIZ, Value Analysis (VA) and Value Engineering (VE).

Methods range from the very technical to broad-brush management approaches.
The methods mentioned above have all met with success in one or more companies
and should be understood by companies embarking on PLM initiatives. However,
all companies are in slightly different situations, so a method that is needed for one
company may not be needed for another. A particular company may only need a
few methods. Another company may be able to benefit from many. Selecting and
prioritising such techniques and approaches is part of the activity of defining a strategy
for PLM. One of the challenges of PLM for a particular company is to identify the
methods that are most relevant to the activities on which the company wants to focus
its efforts.

8.2.1 The Need

Most companies that develop and support products are under pressure from the
competitive, global environment to improve performance. They know that, to be
successful, a companymust be able to supply and support the products that customers
require, at the time required by the customer. Product costs must be trimmed so that
they correspond exactly to customer requirements. Product functionality must be
improved to match these requirements. Customer service must be improved with
on-time documentation delivery, reliable delivery times, prompt complaint handling
and easy product repairability.
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Products must be brought tomarket faster. As product lifetimes get shorter, signif-
icant market share is lost if a product isn’t brought to market at the earliest possible
moment. A company that gets to market first can capitalise on late market entry by
other companies. Companies see that many key parameters of their performance are
heavily dependent on the performance of the activities in the product lifecycle, for
example, product development time, product cost, service cost, product development
cost, product quality and disassembly costs. They want to improve performance in
these areas.

8.2.2 Improvement Initiatives

In response to the need for change,many improvement initiatives have been proposed
as ways to improve performance across the product lifecycle. More than 30 are men-
tioned in the next section. Some of the initiatives address product development and
support practices (Fig. 8.4). Some address standards and standardisation (Fig. 8.5).
There are also initiatives addressing quality, processes, finance and management
(Fig. 8.6).

These techniques and approaches have all met with success in one ormore compa-
nies, and should be understood by companies embarking on PLM initiatives. How-
ever, all companies are in slightly different situations, so what is needed for one
may not be needed for another. A particular company may only need a few of these
techniques and approaches. Another company may be able to benefit from many.
Selecting and prioritising such techniques and approaches is part of the activity of
defining a strategy for PLM. One of the challenges of PLM for a particular company
is to identify the techniques and approaches that are most relevant to the activities
on which the company wants to focus its efforts.

DFA DFE DFM DFSS EMI FMEA FTA
JIT PDCA PY QFD TRIZ VA VE

Fig. 8.4 Examples of product development-related methods in the product lifecycle

Group Technology ISO 9000 ISO 14000 STEP XML

Fig. 8.5 Examples of standard-oriented methods in the product lifecycle

ABC Benchmarking BPR CWQC
Continuous Improvement Process Mapping Teamwork TQM

Fig. 8.6 Examples of other methods in the product lifecycle
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8.3 Overview of Methods

8.3.1 ABC

Activity-Based Costing (ABC) is a costing technique used to overcome deficiencies
of traditional product costing systems. These, under some conditions, such as high
volume and product diversity, can lead to inaccurate product costs. Inaccurate product
costs create problems when taking pricing decisions for new product introductions,
retiring obsolete products, and responding to competitive products.

8.3.2 Alliance Management

Alliancemanagement is needed in the extended enterprise environment to ensure that
everythingworkswell among themany participants, including partners, suppliers and
vendors. AllianceManagement usually includes more than just contract compliance.
It can also include governance activities, building and maintaining alignment, and
ensuring that relationships move forward.

8.3.3 Benchmarking

Benchmarking is a good technique for helping to understand the performance of other
organisations that are believed to have more effective operations. The organisations
that are benchmarked may be direct competitors, suppliers or even companies in
other sectors. If the other organisations are found to have more effective operations,
then the benchmarking organisation can try to understand how they work, and why
they are better. It can then start to improve its own operations, and will be able to
set itself realistic performance targets. Benchmarking is often carried out in two
steps. Usually, the first step is investigation of best practices. The second step is
identification and application of metrics.

Some benefits of benchmarking are shown in Fig. 8.7.
Figure 8.8 shows the six phases of benchmarking activity.
About 25% of the workload for a typical benchmarking exercise is to get the team

up and running, and trained in useful methods for analysing operations. About 25%

making the organisation’s relative performance very clear 
providing clear quantitative targets to management 
providing targets that are not just theoretical visions of the future, but are reality in other companies 
getting immediately useful ideas for better products and processes 
providing impetus for management to start behaving proactively, and to look for ways of working 
which will bring significant improvements 

Fig. 8.7 Benefits of benchmarking
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1 setting up a team. Training the team to carry out the activity
2 understanding the organisation, and assessing its strengths and weaknesses
3 selecting industry leaders and competitors to benchmark. Understanding their strengths and weaknesses.

Researching these companies to improve understanding. (A lot of preparation is required before visits to these 
companies. Without preparation, benchmarking teams only get a fraction of the possible benefit from visits.)

4  visiting the companies to improve understanding 
5 reporting on what has been seen and understood (without reports, companies only get a fraction of the possible 

benefit from visits.) 
6 incorporating what has been learned, and improving on it

Fig. 8.8 Six phases of benchmarking

of the effort goes on understanding the company’s own performance in a chosen area.
About 25% of the effort is to prepare for, and conduct, the external benchmarking
studies. The remaining 25% captures the lessons learned, and prepares to put them
to use.

8.3.4 BPR

Business Process Re-engineering (BPR) is a technique used to significantly reorgan-
ise a company’s business processes with the objective of making very large improve-
ments in performance (such as an 80% reduction in product development time).
BPR generally involves redesign of a company’s processes and the application of
Information Technology to the new processes.

8.3.5 CWQC

Company-Wide Quality Control (CWQC) is a technique in which all parts of the
company cooperate to improve all aspects of company operations.

8.3.6 Concurrent Engineering

Concurrent engineering is a technique to bring together multidisciplinary teams that
work from the start of a product development project with the aim of getting things
right as quickly as possible, and as early as possible. Input is obtained from as
many functional areas as possible before the product and process specifications are
finalised. Getting the development correct at the start of the project reduces down-
stream difficulties in the product lifecycle.
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8.3.7 CM

ConfigurationManagement (CM) is the activity of documenting initial product spec-
ifications, and controlling and documenting changes to these specifications. CM is
a formal discipline to help assure the quality and long-term support of complex
products through consistent identification, and effective monitoring and control, of
all of this information. ISO 10007:2003 provides guidance on the use of configura-
tion management within an organisation. Applicable across the product lifecycle, it
describes the configuration management responsibilities and authorities, the process
and the planning, as well as the four activities (Fig. 8.9) of configuration identifica-
tion, change control, configuration status accounting and configuration audit.

8.3.8 Continuous Improvement

Continuous improvement is an approach of incremental change aimed at making
many small-scale improvements to a company’s current business processes.

8.3.9 COQM

Cost of QualityManagement (COQM) is an approach to reducing the Cost of Quality
(COQ). The COQ is the sum of all the costs incurred throughout the product lifecycle
due to poor quality. These costs occur when the product doesn’t have perfect quality
first time and every subsequent time. The Cost of Quality is made up of four types
of quality cost (Fig. 8.10).

8.3.10 Customer Involvement

During the product lifecycle, there are usually times when the customer would like
to be in direct contact with the manufacturer, for example, from their tablet or smart-

Name Activity

configuration identification determining the product structure, selecting configuration items, documenting items, 
interfaces and changes, and allocating identification characters or numbers

configuration control addresses the control of changes to a configuration item after formal establishment 
of its configuration documents

configuration status accounting is for formal recording and reporting of the established configuration documents, the 
status of proposed changes and the implementation status of approved changes

configuration audits are carried out to determine whether a configuration item conforms to its 
configuration documents

Fig. 8.9 Four activities of configuration management
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Type of Cost Examples

internal failure costs due to failures such as rework, scrap and poor design that the customer doesn’t see
external failure costs due to failures that occur after the product has been delivered to the customer. They 

include warranty claims, product liability claims and field returns
appraisal costs the costs of measuring quality and maintaining conformance by such activities as 

inspection, testing, process monitoring and equipment calibration 
prevention costs the costs of activities to reduce failure and appraisal costs, and to achieve first-time 

quality. These activities include education, training and supplier certification 

Fig. 8.10 Quality cost components

phone. The customer might like to see detailed operating instructions for a new
product, or a video of how to assemble some furniture, or some information about
where to pour the engine oil. Having real-time, detailed knowledge about the prod-
uct would enable the customer to be informed about use of the product (such as a
smartphone) and/or its services more cost-effectively. And the customer could be
informed that some components need to be replaced otherwise the product will fail.
Information about product use and status could be used to inform the customer of
the most cost-effective way to return the product. These are moments of real Cus-
tomer Involvement, and it’s at moments like these that the best information can be
collected from the customer. The direct involvement of the customer provides them
access to information they want, and in return they provide useful information to the
manufacturer.

Such customer involvement ismuch better than just “listening to customers”. How
can a Focus Group really know, better than a real customer, what works best in a
particular situationwith the product? It’s only by involving customers that companies
can understand their experience, behaviour, needs and expectations, and apply that
understanding for future products.

Technologies such as RFID enable detailed information about the use of products
to be automatically collected. This “Voice of the Product” provides a lot of data about
the way that products are really used. Together RFID and customer involvement
provide a good overview of the customer.

8.3.11 DFA

Design for Assembly (DFA) techniques aim to reduce the cost and time of assembly
by simplifying the product and process (Fig. 8.11). For example, tabs and notches in
mating parts make assembly easier and also reduce the need for assembly and testing
documentation. Simple z-axis assembly can minimise handling and insertion time.

reducing the number of parts simplifying assembly operations selecting fasteners for ease of assembly
combining two or more parts into one minimising parts tangling designing for part presentation 
reducing or eliminating adjustments designing for parts handling ensuring that products are easy to test

Fig. 8.11 Examples of DFA techniques
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8.3.12 DfE

Design for Environment (DfE) is an approach that integrates all environmental con-
siderations into product and process design.

8.3.13 DFM

Design for Manufacture (DFM) techniques are closely linked to design for assembly
techniques. However, they are oriented primarily to individual parts and components
rather than to DFA’s sub-assemblies, assemblies and products. DFM aims to elim-
inate the often expensive and unnecessary features of a part that make it difficult
to manufacture. It helps prevent the unnecessarily smooth surface, the radius that is
unnecessarily small, and the tolerances that are unnecessarily high. DFA and DFM
need to be carried out at the conceptual design stage before major decisions have
been taken about product and process characteristics.

8.3.14 DFR

Design for Recycling (DFR) aims to increase the level of recyclability and to ensure
that recycled material keeps as much of its value as possible.

8.3.15 DFSS

Design For Six Sigma (DFSS) includes various methodologies to achieve six sigma
performance. (At Six Sigma quality, a process must produce nomore than 3.4 defects
per million.) DMAIC (define, measure, analyse, improve and control) is generally
used for an existing product or process. OtherDFSSmethodologies are used to design
a new product for Six Sigma quality.

8.3.16 DfS

Design for Sustainability (DfS) is an approach which recognises that products and
processes must take account of environmental, economic and social requirements. It
integrates these into product and process design (Fig. 8.12).
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using energy as efficiently as possible taking care of air and water quality
minimising use of toxic chemicals efficiently using and recycling materials

Fig. 8.12 Taking account of sustainability needs

8.3.17 Design Rules

Design rules, design guidelines and design axioms bring together principles of suc-
cessful design.

8.3.18 DTC

Design to Cost (DTC) techniques address cost-effectiveness from the viewpoints
of system effectiveness and economic cost. The economic costs may be limited to
design engineering costs and/or production costs. In other cases, operations and
support costs may be included. Cost is addressed by establishing an initial design,
comparing estimated costs with an allocated budget at the system or subsystem level,
and addressing any cost inconsistencies through subsequent redesign or re-evaluation
of requirements.

8.3.19 EMI

EarlyManufacturing Involvement (EMI) bringsmanufacturing engineers into design
activities that take place early in the product lifecycle, rather than only bringing
them in once the design engineers have finalised a product that will be difficult or
impossible to manufacture.

8.3.20 ESI

Early Supplier Involvement (ESI) brings suppliers into development activities early
in the product lifecycle, rather than only bringing them in to manufacture some of
the parts. ESI is particularly important for companies that want to focus on upstream
customer, specification and product design activities, where they can best use their
resources. Theywill want to outsource downstream activities where they are not cost-
effective (such as detailed drafting) or are less competent (such as parts manufacture)
than organisations more specialised in these areas. Suppliers for these activities have
an important role to play. Companies want to make the best possible use of suppliers
with the aim of getting a customer-satisfying product to market as early as possible.
This means involving the supplier right at the beginning of the process, when the
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major modules of the product are being defined. The supplier can then be given the
job of designing andmanufacturing a complete sub-assembly. Suppliers are expected
to provide fast response, to be responsible, to be reliable and to have excellent skills,
knowledge and experience concerning particular parts or activities. The companywill
want to have long-term relationships with a small group of excellent, knowledgeable
and trusted suppliers.

8.3.21 FMECA

Failure Modes Effects and Criticality Analysis (FMECA) is a technique for identi-
fying the possible ways in which a product or part can fail, the corresponding causes
of failure, and the corresponding effects.

8.3.22 FTA

Fault Tree Analysis (FTA) is a technique that uses a hierarchical decomposition
technique for analysing faults. A fault tree is a diagram showing the interrelationships
between failures and combinations of failures.

8.3.23 GT

Group Technology (GT) is a technique to exploit similarities in products and pro-
cesses so as to improve the overall efficiency of operations.

8.3.24 Hoshin Kanri

Hoshin Kanri (Policy Deployment) is a technique of step-by-step planning, imple-
mentation, and review for managed change. It’s a systems approach to management
of change in business processes. A system, in this sense, is a set of coordinated
processes that accomplish the core objectives of the business. Policy Deployment
cascades, or deploys, top management policies and targets down the management
hierarchy. At each level, the policy is translated into policies, targets and actions for
the next level down.
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8.3.25 JIT

Just In Time (JIT) is a waste-reduction management technique for improving busi-
ness processes. Originally thought of mainly as a technique for reducing material
inventory, it developed to become an enterprise-wide operating philosophy with the
basic objective of eliminating all non-value-added activities and other waste.

JIT can be applied to all activities in the product lifecycle, including those that
traditionally have taken place in product development. JIT aims to eliminate non-
value-added activities. On the shop floor, there are many non-value-adding activities
with material. They include unpacking, inspecting, returning, storing, material han-
dling, and rework. The results of applying JIT on the shop floor include reductions
in stocks, delays, overruns, errors, and breakdowns. These vices can be found, in one
form or another, throughout the product lifecycle. JIT techniques can be applied to
remove this waste from the product lifecycle before automation is introduced.

JIT focuses on continuous flow. On the shop floor, in a non-JIT environment,
manufacturing is carried out in a set of discrete steps with WIP (work in process)
being moved to and from stores at each step. This leads to all sorts of problems,
such as long manufacturing cycles, damaged goods, unnecessary transportation of
goods, and unnecessary storage areas. A parallel can be drawn with the departmental
approach to product development, which split development up into a set of discrete
steps, with much paper and many unfinished projects in various states of progress.
Many of the related actions (such as collecting, controlling, communicating and
copying data) do not add value.

8.3.26 Kome Hyappyo

Kome Hyappyo is a philosophy that refers to the spirit shown by Kobayashi
Torasaburo. Receiving a hundred bales of rice to distribute to the impoverished
people for whom he was responsible, he sold it to pay for a school, thus greatly
increasing the value of the rice. In product lifecycle terms, it’s the willingness to
sacrifice a small short-term gain, in an individual function, for important long-term
benefits across the product lifecycle.

8.3.27 Lean Production

Lean production appeared in theWest in the early 1990s. Key concepts include “only
add value in production”, “eliminate waste”, and “flow value from the customer”.
Some interpretations of lean production also include a focus on people and their
knowledge. Six Sigma and JIT are seen as tools to support a lean production approach.
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8.3.28 LCA

Life Cycle Assessment is a methodology used to understand themain impacts arising
in each phase of a product’s life. Life Cycle Assessment involves the calculation and
evaluation of the environmentally relevant inputs (such as minerals and energy) and
outputs (such as energy savings) and the potential environmental impacts (such as
emissions and solid waste) across the lifecycle of a product, material or service. It
aims to increase the efficiency of the use of resources, and reducewaste and liabilities.

8.3.29 LCD

Life Cycle Design incorporates disposal and recycling issues at the early stages of
product development. All the issues related to a product’s useful life are considered
at the outset. So are those involving the product once its useful life is over. Life
Cycle Design includes evaluation of environmental protection, working conditions,
resource optimisation, company policies, lifecycle costs, product properties and ease
of manufacture. The goals of lifecycle design include ease of disassembly, ease of
assembly, fast and safe decomposition, lowest cost to find/recover, and lowest cost
to recycle.

Lifecycle techniques such as lifecycle design, lifecycle analysis and lifecycle
assessment will play an increasingly important role in product development. Trends
in the environmental area will significantly change design, production and distri-
bution methods. Because of regulations and consumer pressure, manufacturers are
becoming responsible for the environmentally safe disposal and recycling of their
products. Insurance companies may require documentation of a lifecycle approach
before accepting a company as an insurance risk. Environmental agencies require
lifecycle documentation. Companies want to respond to customer demands for envi-
ronmentally safe products with labels that show their environmental correctness.
Being environmentally correct is a valuable marketing asset as many customers are
taking the issues of environmental protection, occupational health and resource use
seriously. Auditors address environmental issues in company annual reports.

Current lifecycle practices often concentrate on the activities within a company,
but they will be extended to cover the complete cradle-to-grave cycle including use
of raw materials, production methods and usage/disposal patterns.

A lifecycle approach offers the possibility to change the business model. When
one customer has no further use for a product, another customer may want to use it.
Or parts of it may be reusable in other products. Or the aggregated primary materials
may be reusable. Without a lifecycle approach, issues like these aren’t addressed at
the development stage, with the result that much of the product is disposed of at
the end of life, or only a few of the raw materials are recycled. Without a lifecycle
approach, OEMs typically don’t focus on how products are recycled, or how recycled
products, parts and material can re-enter the lifecycle. However, when they do come
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back into the lifecycle, they change the needs for new parts. The more parts that
come back, the fewer the new parts that will have to be produced. The product has to
be developed to ensure optimum use and reuse, both during its life, and after it gets
to the end of its life.

8.3.30 Open Innovation

From about 2000 onwards, the scope of Innovation Management changed. Previ-
ously, it had mainly addressed product innovation in R&D. Since then, the scope
has been extended to include innovation in processes, delivery and business models.
“Open innovation” has emerged. It’s a way for a company to search for and acquire
innovation outside its borders. Innovation methods include Edward DeBono’s “Lat-
eral Thinking” and “Six Hats”, Eric von Hippel’s “Lead User Analysis” and Genrich
Altshuller’s “TRIZ”.

8.3.31 Phase/Gate Methodology

Phase/gate and stage/gate methodologies split the product development activity into
separate phases (usually between four and six phases). When product development
projects are carried out, people from different functions work together in each phase,
carrying out the tasks defined for that phase and producing the required deliverables.
At the end of the phase is a “gate”, at which a cross-functional team, including
managers, reviews results for that phase. The cross-functional team only allows the
project to proceed through the gate, to the next phase, if it meets predefined targets.

Without a well-defined development and support methodology, it’s unlikely that
people are going to work in harmony across the product lifecycle. A well-defined
methodology lets everybody know exactly what should be happening at all times,
and tells them what they should be doing. It defines the major phases and explains
what has to be done in each phase. It shows how the phases fit with the company
organisation and structure. It shows the objectives and deliverables at the end of each
phase, and the way phases connect together. It shows which processes, systems,
methods, techniques, practices and methodologies should be used at which time in
each phase. It shows the human resources that are needed, the people, skills and
knowledge, and their organisation. It shows the role and responsibilities of each
individual and the role of teams. It shows the role of management, project managers,
functional reviewers and approvers. It describes the major management milestones
and commitments. It describes the metrics used in the process.
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8.3.32 PDCA

The Plan–Do–Check–Act (PDCA) cycle is a technique for continuous improvement
of any activity or process. In the “plan” step, a plan of action is generated to address
a problem. Corresponding control points and control parameters are generated. The
plan is reviewed and agreed. In the “do” step, the plan is implemented. In the “check”
step, information is collected on the control parameters. The actual results are com-
pared to the expected results. In the “act” step, the results are analysed. Causes of any
discrepancies are identified, discussed and agreed. Corrective action is identified.

8.3.33 Platform Strategy

Platform strategies and module strategies aim to reduce costs and improve quality by
maximising reuse of parts in different products. Modular products that make use of
common parts allow the variety required by marketing, while limiting the workload
on the manufacturing function.

8.3.34 Poka-Yoke

Poka-yoke existed as a concept for a long time before the Japanese manufacturing
engineer ShigeoShingo developed the idea into a technique for achieving zero defects
and eventually eliminating quality control inspections. The methods are sometimes
called “fool-proofing”, but recognising that this term could offend some managers
and workers, he came up with the term poka-yoke, generally translated as “mistake-
proofing” or “fail-safing” (to avoid (yokeru) inadvertent errors (poka)). The use of
an additional locator pin to prevent misalignment of the workpiece is an example of
poka-yoke.

8.3.35 Process Mapping

Process mapping is carried out to understand, analyse and design business processes.

8.3.36 Project Management

Project management approaches help manage a company’s product-related projects
in an effective way.
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8.3.37 QFD

Quality Function Deployment (QFD) is a step-by-step technique for ensuring that
the “voice of the customer” is heard throughout the product development process so
that the final product fully meets customer requirements. The first step of QFD is to
identify and capture customer requirements, wishes, expectations and demands. In
the following steps, these are translated by cross-functional product teams into the
corresponding technical specifications. QFD uses a series of related simple matri-
ces and tables as the tool for translating the voice of the customer first to design
specifications, then to more detailed part characteristics, then to show the necessary
process and technology characteristics, and finally to show the specific operational
conditions for the production phase. The interrelated tables and matrices develop to
form what is often called, due to the roof-like shape of some of the tables, a “Quality
House”.

8.3.38 Roadmapping

Roadmapping helps portfoliomanagers and product managers to identify new oppor-
tunities, and to identify the product and technology activities required to get a product
to market.

8.3.39 Reliability Engineering

Reliability engineering is a technique to improve the reliability of a product or
process. Reliability engineering encompasses the activities of planning, measuring,
analysing and recommending changes with the aim of improving the reliability of
a product or process. Reliability is the ability of the product or process to perform
its functions in a defined environment over a given period of time. The failure rate
over the product lifecycle, or during operation of the process, measures the proba-
bility of not meeting these requirements. In order to increase capability while saving
resources, reliability and maintainability must be formalised concurrently during the
design process, and must be valued and measured as much as performance and other
design criteria.

8.3.40 Robust Engineering

Robust engineering is the engineering of products and processes such that they will
work satisfactorily throughout their lifetime in spite of the disturbances that are
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bound to occur. Robust engineering takes, as a starting point, the fact that it’s impos-
sible to prevent or control all variations throughout a product or process lifetime. In
consequence, the product or process should be designed to be as immune as possible
to the variations that will occur due to a variety of sources in the product or pro-
cess environment. Typical sources of variation for a product are the manufacturing
process and in-use deterioration.

8.3.41 Simultaneous Engineering

Simultaneous engineering is similar to concurrent engineering. It brings together
multidisciplinary teams that work together from the start of a product development
project to get things right as quickly and as early as possible in the project. The
overall intention is to get a quality product to market as soon as possible. Some-
times, only design engineers and manufacturing engineers are involved together in
concurrent product and process development. In other cases, the cross-functional
teams include representatives from purchasing, marketing, accounting, the field and
other functional groups. Sometimes, customers and suppliers are also included in the
team. Multidisciplinary groups acting together early in the product lifecycle can take
informed and agreed decisions relating to product, process, cost and quality issues.
They can make trade-offs between design features, part manufacturability, assem-
bly requirements, material needs, reliability issues, and cost and time constraints.
Getting the design correct at the start will reduce downstream difficulties.

8.3.42 Software Development Methodologies

Software development methodologies were introduced to manage software develop-
ment. In 1970, W. W. Royce published an article called “Managing the development
of large software systems: concepts and techniques”. This referred to the Waterfall
system development methodology (requirements, analysis, design, coding, testing
and maintenance). Such methodologies divide projects into phases, and use deliver-
ables and approvals to maintain control.

The Agile approach takes an iterative approach to software development. In the
first step, a high-level project plan and a high-level view of the targeted system are
defined by the project teamworking closely with user representatives. Then, working
from the high-level plan, the next steps are defined by the project team. The team
then works on these steps, again in close collaboration with users, to detail them
and carry out the activities. A more detailed view of the system is created. This is
reviewed and validated (or not) by the users. The next steps are agreed and then
executed. At each step, a prototype is built to meet the user’s apparent requirements.
Experience of its use provides input for the next step. Each step builds on the results
of previous steps. Compared to the Waterfall approach, the Agile approach involves
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users throughout the project, and repeatedly tests the most up-to-date proposal for
the system. This offers the possibility to identify any needs for change and to make
corresponding adjustments as early as possible.

8.3.43 Standards

Many standards can be applied to the product environment. Examples include ISO
9000 (Quality System), ISO 14000 (Environmental Management), ISO 10303, the
SEI CapabilityMaturityModel (CMM) developed at the Software Engineering Insti-
tute in Pittsburgh, and the AQAP (Allied Quality Assurance Publication) 2000 series,
the NATO requirements for an Integrated Systems Approach to Quality through the
Life Cycle. ISO 10303 is the standard for the computer-interpretable representation
and exchange of product data (STEP).

8.3.44 SPC

Statistical Process Control (SPC) is used during the production phase of the product
lifecycle to reduce variation and to help correct whatever is wrong. All production
processes fluctuate over time, but, provided they are stable, they will stay within
certainwell-defined limits known as control limits. If a process gets out of control, the
fluctuations go beyond the control limits. At the heart of SPC is the statistical analysis
of engineering and manufacturing information. Facts, data and analysis support the
planning, review and tracking of products throughout the product lifecycle. SPC is
based on the use of objective data and provides a rational, rather than an emotional,
basis for decision-making. This approach recognises that most problems are system-
related and aren’t caused by particular people. It ensures that data is collected and
placed in the hands of the people who are in the best position to analyse it, and
then take the appropriate action to reduce costs and prevent non-conformance. If the
right information isn’t available, then the analysis, whether it be of shop floor data or
engineering test results, can’t take place, errors can’t be identified, and consequently,
errors can’t be corrected.

8.3.45 STEP

STEP, the ISO 10303 standard for the computer-interpretable representation and
exchange of product data, includes many application protocols. The Product Life
Cycle Support (PLCS) standard is designated Application Protocol 239 (AP 239).
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8.3.46 System Engineering

System (or Systems) engineering is an interdisciplinary approach aiming to enable
the realisation and deployment of successful systems. The system engineering effort
spans the whole system lifecycle. It focuses on defining customer needs and required
functionality early in the development cycle, documenting requirements, then pro-
ceeding with design synthesis and system validation while considering the complete
problem. System integration issues are dealt with early on, rather than later in the
development cycle.

8.3.47 Taguchi Techniques

Taguchi’s experimental design techniques allow designers to experiment with a large
number of variables with relatively few experiments. Genuchi Taguchi started devel-
oping them in the 1950s. The Taguchi approach is particularly relevant to the param-
eter design phase in which the designer sets the value of design parameters, assigning
specific values for product and process parameters to get a stable reliable product.

8.3.48 Teamwork

Teamwork involves a group of individuals, often from several functions, working
together (“simultaneously” in time, often “co-located” in space), sharing informa-
tion and knowledge, and producing better and faster results than they would have
done if operating independently and in serial mode. In the traditional product lifecy-
cle, people in different departments worked one after the other on successive phases
of development. Compared to that approach, teamwork is a new technique. It requires
people to behave differently, to take decisions differently, and to be measured differ-
ently. Team objectives have to be set and controlled. The team has to be managed
and may need to be coached.

8.3.49 TCO

Total Cost of Ownership (TCO) approaches help companies understand how much
it will cost, not just to purchase a product, but also to use, maintain and retire it.
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8.3.50 TQ

Total Quality (TQ) is a description of the culture, attitude and organisation of a
company that aims to provide, and continue to provide, its customers with products
and services that satisfy their needs. The culture requires quality in all aspects of the
company’s operations, with things being done right first time, and defects and waste
eradicated from operations.

8.3.51 TQM

Total Quality Management (TQM) is an approach to the art of management that
became popular in the West in the early 1980s. Figure 8.13 shows the key points of
TQM.Continuous improvement of all operations and activities is at the heart of TQM.
Because customer satisfaction can only be achieved by providing a high-quality
product, continuous improvement of the quality of the product is seen as the only
way to maintain a high level of customer satisfaction. As well as recognising the link
between product quality and customer satisfaction, TQMalso recognises that product
quality is the result of process quality. As a result, there is a focus on continuous
improvement of the company’s processes. Thiswill lead to an improvement in process
quality. In turn, this will lead to an improvement in product quality, and to an increase
in customer satisfaction.

8.3.52 TRIZ

TRIZ is a way of systematically solving problems and creating suitable solutions. It
was invented by a Russian engineer and scientist, Genrich Altshuller. TRIZ is known
in English as the Theory of Inventive Problem Solving. The TRIZ acronym comes
from the Russian original.

customer-driven quality
TQM leadership from top management 
continuous improvement
fast response to customer requirements
actions based on data and analysis
participation by all employees
a TQM culture

Fig. 8.13 Key points of TQM



8.3 Overview of Methods 329

8.3.53 VA and VE

Value Analysis (VA) and Value Engineering (VE) are techniques in which a multi-
functional team measures the current value of a product or its components in terms
of functions that fulfil user needs. “Value Analysis” is applied to existing products,
whereas “Value Engineering” is carried out during initial product development. How-
ever, the principles are very similar, and the term value analysis is sometimes used
where value engineeringwould bemore appropriate. Value analysis should be carried
out by a multidisciplinary team (including design, marketing, production, finance,
service, recycling) with the aim of finding the most cost-effective solution for a par-
ticular product that is consistent with customer satisfaction. The team develops and
evaluates alternatives that might eliminate or improve component areas of low value,
and matches these new alternatives with the best means to accomplish them.

8.4 Some Characteristics of Methods

Although there are many methods, and they are used for many different things in
very different situations, there are issues that are common to many methods.

8.4.1 Unclear Name

The functionality of a method is often unclear from the name of the method. Many
umbrella terms such as lean production and total quality management are used with
a wide range of different meanings. Different proponents include different function-
ality within apparently similar methods.

It’s often unclear, from the name, exactly how one method differs from others.
Some groups of methods, for example, DfE, DFR and DfS, may appear to be similar,
and have overlapping functionality.

8.4.2 Overlap Between Methods

There’s often overlap between the objective, scope and activities of methods and
techniques. It can be difficult, for example, to distinguish between Simultaneous
Engineering and Concurrent Engineering. And the terms value analysis and value
engineering are often used to apply to very similar activities.
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8.4.3 Overlap Between Methods and Applications

Many methods are supported by related applications. Often these aren’t integrated
with other applications and create new Islands of Automation.

8.4.4 Confusion Between Methods and Processes

People sometimes find it difficult to distinguish between processes and methods.
Processes are company-specific. Methods are more general in nature. They aim to
improve performance in a particular area in any company.

A business process is an organised set of high-level activities, with clearly defined
inputs and outputs, that creates business value. A business process will have to be
defined in detail for each particular company. It has a well-defined input and starting
point in the company. It has a well-defined output and end point in the company.
Most likely it will be specific to the particular company. Methods are more general
in nature. They aim to improve performance in a particular area in any company.

For every business process, there should be a document explaining the activities in
the process, and how they should be carried out. Methods also define how activities
should be carried out, so there is a possibility of overlap and contradiction.

8.4.5 Duplication of Existing Activities

Many methods duplicate, to some extent, existing activities. A technique such as
Life Cycle Design is, of course important, but most companies will already have
been doing product design for many years before embarking on Life Cycle Design.
They need to make sure that, if they apply Life Cycle Design, they only add new
value-adding activities, or selectively improve existing activities, and remove any
resulting duplication.

8.4.6 Unclear Definition

Many methods are developed with input from many sources, such as companies,
industry organisations, academic organisations and consultants. Each of these has its
own viewpoint and focus. Unless an independent organisation of some sort is set up,
there’s rarely a unique definition of the technique.
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8.4.7 Unclear Improvements

Without a clear definition or scope, it’s difficult to know how tomeasure the impact of
a particular technique. Unless a lot of care is taken, any improvement that’s claimed
to result from one improvement method could actually be due to another technique
or to external factors. For example, an improvement in Time to Market might be
attributed to use of a phase-gate approach but could actually result from outsourcing
the development of product modules to suppliers.

8.4.8 Difficult to Implement

Without a clear definition and scope, and with overlap with other techniques and
activities, it can be difficult to implement a technique. And unless it’s implemented,
it’s not going to provide any benefits.

8.4.9 Method Evolution and Confusion

After a method appears to achieve good results, its practitioner will want to maintain
the momentum. Conferences will be organised to explain the method. The scope of
the method will be expanded so that those who benefited from the initial version can
achieve further improvements. Newcomers will be surprised to see there are now two
versions of the method. They will wonder if they should start with the initial version
and achieve the benefits it offers, or start immediately with the second version.

8.4.10 Market Push

New methods are regularly described in the industry press. They’re discussed by
industry analysts. Their intended advantages are highlighted. Generally, these initia-
tives are referred to by a positive-sounding acronym. It’s said they’re easy to introduce
and to use. They’re expected to result in major productivity gains. It’s said they’re
being implemented by “all world-class companies” or “more than half the companies
in the Fortune 500”, or “more than 60% of companies in a particular industry sector”.
Those who don’t invest in them are claimed to be dinosaurs and to live in the Stone
Age (The logic of this isn’t clear as the Stone Age didn’t start until more than 60
million years after dinosaurs died out.).
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8.5 No Method Is an Island

Nomethod is an island, isolated from the rest of the company. Allmethods are closely
related with the other PLM components of the PLM Grid (Fig. 8.1). They are also
influenced by other forces within the company, and outside the company. For exam-
ple, to improve performance, a company may decide to implement a new technique.
People are sent to training courses to learn how to apply the technique. They receive
voluminous documentation, and details about various applications supporting use of
the technique. They visit other companies to see how the technique can be applied,
and to find outwhich application is best. Before the technique can be used, some busi-
ness process descriptions are modified to take account of the technique. Potentially
affected people are trained about the new processes. An application is purchased to
support use of the technique. It’s interfaced with the company’s PDM system, as this
will manage the data produced by the new application. A new performance measure
is introduced to measure the benefits of using the new technique.When the technique
is used for the first time, it’s found that it overlaps with another technique.

8.6 The Challenges

Many companies face some challenges with methods. These can come from several
sources (Fig. 8.14).

lack of support for methods overlapping methods conflicting methods duplication of methods
lack of knowledge about methods lack of training about methods evolution of methods integration of methods

Fig. 8.14 Possible method-related challenges for a company
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Chapter 9
PLM and the Internet of Things

9.1 This Chapter

9.1.1 Objective

The objective of this chapter is to give basic introductions to the Internet of Things
and Big Data in the context of PLM. This will help those working in a company’s
PLM Initiative to understandwhere the IoT fits with PLM. In turn, this understanding
will help them to participate more fully in the PLM Initiative and add more value.
This chapter also aims to give students taking a PLM course a basic understanding
of the IoT and of Big Data.

9.1.2 Content

This chapter looks at the Internet of Things from the PLM viewpoint. The concept
of the IoT emerged in the 1990s, although many companies didn’t start to address
the subject until much later. The Internet of Things, and the related Smart Connected
Products, offer companies and their customers many potential benefits. The first
section of the chapter introduces the components of the Internet of Things. The next
sections address Big Data and Analytics. Then, two sections describe the opportuni-
ties and potential benefits of the Internet of Things. The final section of the chapter
describes typical IoT issues and success factors.

9.1.2.1 Skills

From this chapter, students who’ve been assigned the book for coursework will gain
a basic understanding of the Internet of Things and Big Data. They’ll find out about
the components of the IoT and understand the scope of Big Data. They’ll know about
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the opportunities and benefits of the IoT. They’ll be able to explain, communicate
and discuss about Big Data and the Internet of Things.

9.1.3 Relevance

The IoT, the Internet of Things, offers many potential benefits. However, it shouldn’t
be forgotten that the “Things” are products. As such, just like other products, they
need to be managed across the product lifecycle. They need PLM.

9.2 Introduction to the IoT

Product Lifecycle Management (PLM) is the business activity of managing, in the
most effective way, a company’s products all the way across their lifecycles.

The Internet of Things (IoT) is the name given to a collection of technologies,
resources, activities and opportunities including:

• the Internet, which is a communications network
• various electronic devices, such as transmitters and sensors
• data transmitted over the Internet
• cloud technology
• location technology
• mobile technology
• IoT platforms
• cybersecurity
• products
• activities across the lifecycle of these products
• value added for the product manufacturer and/or user.

9.3 Components of the IoT

The concept of the IoT emerged in the 1990s. Many of the individual components of
the IoT, such as the Internet, and the various devices and other products, have existed
for many years.
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9.3.1 The Internet, a Communications Network

The “Internet” of the Internet of Things is the same Internet that supports the World
Wide Web and e-mail. Research into the Internet, which is a communications net-
work, started in the 1960s. Before the Internet was developed, many other types
of communication networks already existed. They included road and rail networks,
telephone networks, and industrial process control networks. These networks were
often limited in geographical spread. They were often proprietary. They were often
analogue. They had their own nodes, links, layers of protocols, transmission mech-
anisms and addressing systems.

The Internet differs from those networks in that it is an open, global, standard
communications network. It uses TCP/IP protocols, structured into protocols at the
application layer, the transport layer, the Internet layer and the link layer. In its early
days in the 1970s it was seen as a network of computers that could be used to transfer
data between intermediate nodes (such as computers) and terminal nodes (such as
a computer, user screen or printer). Each node had a unique Internet Protocol (IP)
address.With the IPv4 protocol used at that time, the addresses of these nodes were 4
bytes (32 bits) long, for example, 127.168.0.1. However, use of four-byte addresses
limited IPv4 to about 4 billion addresses.More addresseswere needed. The successor
protocol, IPv6, uses 128-bit addresses. World IPv6 Launch Day was 6 June 2012.

9.3.2 IoT Devices

Just as there’s nothing new about the Internet component of the Internet of Things,
there’s nothing new about the devices (such as transmitters and receivers) it uses.
For example, thermostats, which can be used to control the temperature of a room,
or a refrigerator, have been in use for a long time. Aircraft flight recorders have been
used since the mid-twentieth century to sense and record various parameters about
airplane flight behaviour.

In the Internet of Things (Fig. 9.1), the “thing” connected to the Internet typically
includes several devices (Fig. 9.2):

• a receiver and transmitter for communication with the Internet
• a sensor to sense some characteristics of the thing or of its environment
• a memory to store data
• a processor
• operating software
• an actuator to make the thing do something.

There are many types of devices (Fig. 9.2). The devices sometimes just carry
out simple functions such as measuring a temperature and transmitting it across the
Internet. Other devices have more advanced functionality.

Depending on the type of sensor, different characteristics can be sensed and mea-
sured (Fig. 9.3).
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Internet 
(a communica ons network) 

Connected Product 1 
(Receiver, Transmi er, 
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Processor, Memory, 
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Connected Product n 
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Processor, Memory, 
Sensors, Actuators, ....)  

Fig. 9.1 Things connected to the Internet

activator memory power module storage transceiver
actuator meter processor switch transmitter
display microphone receiver tactile sensor vision system
GPS receiver motor sensor thermostat voice synthesiser

Fig. 9.2 Examples of IoT devices

vibration temperature movement stress touch light flow smoke 
pressure patterns speed proximity electricity strain moisture pollution
height tilt acceleration location magnetism sound humidity depth

Fig. 9.3 Examples of characteristics sensed and measured

Fig. 9.4 IoT devices and
smart functions

a sensor “seeing”, “feeling”, “reading”, monitoring 
a motor moving
a voice synthesiser “speaking”
GPS locating
a display showing information, reporting
a microphone “recognising voices”
a microprocessor “thinking and calculating”
a memory self-identifying
a memory remembering information
a receiver receiving information over the Internet
a transmitter sending information over the Internet 

Sometimes the devices are combined to carry out smart functions (Fig. 9.4).

9.3.3 Smart Products, Intelligent Products

Smart, or Intelligent, Products are products that, in addition to their primary func-
tionality, have smart functionality to decide or communicate about their situation or
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Smart phone Smart microwave Smart bicycle Smart industrial robot Smart early warning system
Smart car Smart camera Smart braking system Smart transportation Smart advertising equipment
Smart watch Smart machine Smart energy grid Smart domestic robot Smart electricity meter
Smart mixer Smart tractor Smart thermostat Smart monitoring system Smart vending equipment
Smart switch Smart speaker Smart car park Smart security system Smart traffic control system
Smart home Smart light bulb Smart wind turbine Smart health monitor Smart clothes - wearables

Fig. 9.5 Examples of smart products

environment. Almost all products can become Smart Products (Fig. 9.5). For exam-
ple, a washing machine has primary functionality to wash clothes. A smart washing
machine, equipped with a scanner, can read the labels on clothes, and select the most
appropriate washing and drying cycle. Smart labels in transparent foil around meat
products can change colour from blue to red when the temperature rises above the
safety limit. A smart lawn mower can be programmed to mow your lawn. Its sensors
look to see if there are any obstacles in its way, identify the height of the grass, and
switch on its motors to go and cut the grass. A smart microwave oven can identify
the food you’re hoping to cook, then set the timer and the temperature. A smart water
softener can identify the hardness of incoming water, and treat it as required by its
hardness and the intended use.With the addition of some devices, almost any product
can become a Smart Product. Many more examples could be given, there are many
opportunities.

Just as there’s nothing new about the Internet component of the Internet of Things,
or the device component, there’s nothing new about Smart Products. According to
the first edition of this book, published way back in 2004, “Intelligent clothes will
change performance as the weather changes and the wearer’s mood changes.”

9.3.4 Data Transmitted Over a Network

In the IoT, products are connected to the Internet. As a result, they’re sometimes
called Connected Products. Data representing control commands may be sent to
the product’s devices, for example, to switch the product on or off, or to ask for a
temperature reading. Performance data and feedback informationmay be transmitted
back from the product’s devices. There’s nothing new in the concept of sending data
to, receiving data from, and controlling objects over a network. SCADA (Supervisory
Control And Data Acquisition) systems, used in industrial process control, do just
this. They appeared in the third quarter of the twentieth century, and were still being
used in the twenty-tens.
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9.3.5 Mobile Technology

Mobile technologies are another component of the Internet of Things. They allow
products (such as a smartphone) to connect to the Internet, and receive and transmit
data from wherever the product is. With mobile technologies, people don’t have to
be in a particular place when they communicate. So, for example, they can access
product and service information from anywhere at any time. Mobile technology isn’t
new. First generation mobile technology was introduced in the 1980s.

9.3.6 Location Detection Technology

Location detection technologies, such as Radio-frequency identification (RFID) and
the Global Positioning System (GPS) allow a “thing” of the IoT (a product) to
identify its location (or have its location identified) wherever it is. Location detection
technologies aren’t new. GPS was launched in the 1970s, RFID technology even
earlier.

9.3.7 Cloud

Cloud technology provides computing services over the Internet. It’s available for
the “things” of the IoT. Cloud technology enables a company to support its products
across the product lifecycle without having its own IT infrastructure. Instead, it can
use IT services offered over the Internet by “Cloud providers”. Cloud technology
isn’t new. It appeared in the first decade of the 21st Century.

9.3.8 Cybersecurity

Many of the components of the IoT rely heavily on the Internet. That may leave them
open to attacks by cybercriminals. Or by disgruntled customers and employees.
Cybersecurity is an important component of the IoT. Cybersecurity solutions are
needed to protect from potential issues ranging from theft of financial assets and
Intellectual Property to ransom demands. Such threats aren’t new, the first malware
appeared in the 1980s.
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9.3.9 The Internet of Things

Many of the components of the IoT have existed for many years. If there’s nothing
new about the idea of controlling objects over a network, or the Internet component
of the Internet of Things, or the device component, or Smart Products, is anything
about the IoT new?

What is different with the IoT is that the communications network that is used
is the Internet. It’s an open, standard, low-cost network that, in theory, is available
everywhere on Earth. Products can be connected to it, becoming connected products.
Then they can be used anywhere and controlled from anywhere.

Back in the 1970s, the Internet was seen as a network of computers that could
be used to transfer data between intermediate nodes and terminal nodes (such as a
computer, user screen or printer). It wasn’t seen as a network over which almost any
of the trillions of products in the world could be controlled. With IPv4 this wouldn’t
have been possible, as IPv4 is limited to about 4 billion addresses. The successor
protocol, IPv6, uses 128-bit addresses. 2128 is more than a trillion trillion trillion, so
IPv6 has enough addresses for quite a lot of products.

9.3.10 IoT Platforms

IoT platforms are also something new. They facilitate a company’s interaction with
its products on the Internet of Things. IoT platforms can manage: devices; set-up;
rules; communication; data flow and storage; security; applications and analysis.

There isn’t yet a standard architecture or set of components or functionality for
an IoT platform. There are many differences between the IoT platforms available on
the market. Some of the components may be in the Cloud, or in a “Thing” (Fig. 9.6).
Others may be on a desktop PC.

The components may be given different names in different platforms. Examples
include:

• various electronic devices, such as actuators and sensors
• products
• application software (such as Analytics, reporting, and visualisation)
• a gateway enabling connection between a device and the network
• IoT middleware (such as identity management, device management, communica-
tions, messaging and data management).

The components can be distributed in different ways across the Cloud and the
Things.
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Fig. 9.6 IoT platform components

9.4 Big Data

This section introduces Big Data, the name given to a collection of technologies,
resources, activities and opportunities including:

• extremely large volumes of digital data
• the collection and management of this data
• the provision of this data in raw or aggregated form
• Analytics, the computerised analysis, or “mining”, of this data
• predictions made by a company based on the analysis
• decisions taken by a company as a result of the analysis
• value added for the company as a result of the predictions, decisions and/or anal-
ysis.

Big Data, and the related Analytics, offer companies opportunities to rapidly
manage and analyse huge volumes of data and gain deep insights.

9.4.1 Introduction to Big Data

The concept of Big Data appeared in the late 1990s. Before then, people thought
of data mainly in terms of kilobytes, megabytes and gigabytes. At that time, there
wasn’t a lot of data in the world, just a few billion GB. As Fig. 9.7 shows, a GB is a
billion bytes, so a few billion GB is a few exabytes, a few quintillion bytes.

Ten years later, there was a lot more data in the world, a few trillion GB, a few
zettabytes. By the end of the twenty-tens, there were a few tens of zettabytes, with a
few quintillion being added each day.
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Unit of Measure Abbreviation Number of bytes

kilobyte kB 103 Thousand 1000
megabyte MB 106 Million 1000000
gigabyte GB 109 Billion 1000000000 
terabyte TB 1012 Trillion 1000000000000
petabyte PB 1015 Quadrillion 1000000000000000
exabyte EB 1018 Quintillion 1000000000000000000
zettabyte ZB 1021 Sextillion 1000000000000000000000
yottabyte YB 1024 Septillion 1000000000000000000000000

Fig. 9.7 Units of measure

Social Media SMS Test activities Companies’ computer systems
Blogs Forums Search engine queries Industrial equipment sensors
E-mails Websites Consumer behaviour data Simulation and manufacturing activities
Tweets Communities Sales information  On-board product sensors

Fig. 9.8 Sources of Big Data

Fig. 9.9 Different sizes of
instances of data

Type of data Typical instance size

A part number a few bytes
A search engine query a few bytes
A sensor reading a few bytes
Web form comments a few bytes
Social media comments a few hundred bytes
An e-mail a few kB
A PowerPoint presentation a few MB
A CAD file a few MB to a few GB

“A few quintillion bytes” is a lot of data to add each day. It’s a few billion GBs.
It’s coming from all sorts of sources (Fig. 9.8).

Sometimes an individual instance of data from one of these sources of data may
be quite small, sometimes it will be much larger (Fig. 9.9).

Just as much data can result from data with small instance sizes as from data
with large instance sizes. It depends on how many instances occur. For example, the
volume of a billion search engine queries could be less than that of one large CAD
file. The volume of a million e-mails could be less than that of one large PowerPoint
file.

The term “Big Data” refers to the huge volumes of data, measured in petabytes,
exabytes and more, coming from the sources mentioned above. Figure 9.10 gives
some examples of the volumes of some of these sources in 2019.

9.4.2 Three Contexts of Big Data

It can be seen from Fig. 9.10 that there are three main contexts of Big Data:

• Commercial Big Data (such as Point of Sales data)
• Social Media and General Internet Big Data
• Industrial Big Data.
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Wikipedia More than 200 billion page views each year
Facebook About 1.5 billion users each day
LinkedIn About 560 million registered users
Search engines More than 1.5 trillion searches each year
Twitter 500 million tweets each day
Point-Of-Sales terminals About a billion
Credit/debit card transactions Hundreds of billions each year
E-mails More than 200 billion per day
YouTube More than a billion minutes of video uploaded per month
SMS About 600 billion sent per month
Websites About 2 billion
Blogs More than a million
A long-distance flight A petabyte of sensor data 
A long distance car trip A terabyte of sensor data
Shop floor measurement data Billions of files per month

Fig. 9.10 Estimates of volumes in the world of Big Data (2019)

9.4.3 Commercial Big Data

How much commercial Big Data is there? A billion PoS terminals (109), averaging
a thousand transactions per day (103), and a transaction size of a thousand bytes
(103) would generate a few petabytes (1015) per day. Most companies don’t have
millions of customers. However, a very large company with a few tens of millions
of customers (107), and a million bytes of data (106) about each one, would have a
few tens of terabytes (1013) of customer data. Most companies would have less. So
it looks as if, in 2019, Commercial Big Data is measured in terabytes and petabytes.

9.4.4 Social Media and General Internet Big Data

How much social media and general internet (e.g., search engine queries, e-mails)
Big Data is there? 200 billion (1011) emails with an average size of a few tens of
kilobytes (104) would generate a few petabytes of data (1015) per day. So it looks
as if, in 2019, Social Media and General Internet Big Data is measured in petabytes
and exabytes.

9.4.5 Industrial Big Data

Much of the Big Data in the industrial context is generated by sensors. As an extreme
example of Big Data in the industrial context, the particle collisions in CERN’s Large
Hadron Collider (LHC) generate about one petabyte of data per second. Fortunately,
not all of this, only about 25 petabytes per year, needs to be stored.

Comparing the volumes of different contexts of Big Data, it seems as if a few
petabytes of Commercial Big Data are generated each day, and a similar volume by
the LHC each second. And there are 86,400 s in a day!
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Examples of Sources of Big Data Used Lifecycle Phase Examples of Big Data Created

Scientific articles, technical articles, research 
papers, industry journals, patent information, 
standards information, industry guidelines, 
best practices, forums, consumer blogs, PoS 
data, government rules and regulations, 
questionnaire answers, purchasing 
behaviour, problem reports, market data, 

Imagine

parts catalogues, material catalogues, 
theses, industry blogs, social media, supplier 
data, specialised websites, equipment 
catalogues, user communities, industry 
communities, product feedback (Voice of the 
Product), etc.

Define Test data, analysis and simulation 
results 

Specialist technical communities, specialist 
websites, supplier data, etc. 

Realise Machine data, quality data,
manufacturing process data, 
sensor data, test data

User communities, specialist technical 
communities, social media, PoS data, etc. 

Support. Use Voice of the Product, maintenance 
data, on-board system data, 
operating data, sensor data, IoT 
data, field service data, CRM data 

Specialist technical communities, etc. Retire. Dispose Voice of the Product

Fig. 9.11 Examples of Big Data in the PLM environment

In an industrial plant, the sensors may “sense” (be read) less frequently than in the
LHC. But even if the sensors on each machine in a plant are read 4 times a second,
the plant could generate 24 MB of data per minute. If each sensor on a locomotive
is read 10 times a second, the locomotive could generate 24 MB of data per hour. If
each sensor on a wind turbine is read 400 times a second, the turbine could generate
10 GB of data per day. If a long-distance car trip can generate a terabyte of data
(1012), a million such trips (106) can generate an exabyte of data (1018), a quintillion
bytes. (And it’s estimated that there are more than a billion cars in the world.)

9.4.6 Big Data Across the Product Lifecycle

There’s a massive amount of Industrial Big Data. It’s created and used across the
product lifecycle (Fig. 9.11).

9.5 Analytics

Whatever its structure, volume and source, there’s so much Big Data that it wouldn’t
make sense for a human to try to read it and make sense of it. Instead, computer
programs, known as Analytics, work on it. Sometimes they aggregate data from
different sources. Sometimes they slice and dice data from a single source. At their
heart are algorithms analysing the data (numbers, texts, photos, videos, locations,
times, preferences, age, salary, investments, purchases, gender, race, religion) and
searching for patterns, correlations, meaning and other valuable information.
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Manage the huge volume of data thatís available Create previously unattainable insights Reduce costs
Process high volumes of data effectively Use data to take decisions faster Increase revenues
Make data visible, usable and understandable Use data to take action faster Make sense out of all that data 

Fig. 9.12 Needs and opportunities for Analytics

These algorithms could be looking for different types of things. As US Secretary
of Defense Donald Rumsfeld put it in 2002, there are:

• known knowns (the things we know that we know)
• known unknowns (the things we know that we don’t know)
• unknown unknowns (the things we don’t know that we don’t know).

Organisations could develop Analytics for all these cases.
Being personal, sometimes the Analytics may look at all the data they can find

about you to try to work out what you’re going to buy next. Or which ads to show
next on your screen. Or, based on their conclusions about what you are likely to buy,
which product special offers to send to your smartphone as you enter a mall or a
restaurant. Or they may be trying to work out which product, that doesn’t currently
exist, you’d like to buy. And then send their findings to companies around the world.
In another context, they could be working out the best time to service a machining
centre, taking account of the plant’s load and the equipment’s mean time between
failures.

There’s a need for Analytics because it’s difficult to process the huge volumes
of data mentioned in previous sections effectively with the technologies previously
available.

There are many opportunities for Analytics (Fig. 9.12). The huge amount of data
from various sources can be analysed with the aim of getting more financial benefit
for the company.

9.5.1 Typical Benefits of Analytics

Companies create and receive huge quantities of data every day. Some data may
come from operations and maintenance. Some may come from sales and service
situations. Once all the data has been organised, analytics offer fact-based insight
into the entire product lifecycle (Fig. 9.13).

Discover how customers feel about your products Customise your communication Customise your services
Find out how people might react to your future products Get to the root of a particular problem Take better decisions
Use the data to develop new products and services Better understand customer desires Drive efficiency
Get the customer viewpoint of competitor’s products Identify risks before they become issues Test your hypotheses
Get the customer viewpoint of missing features Expose hidden patterns and correlations Finely segment your markets
Improve service quality with customer data Help specify new products and services Reveal valuable insights 

Fig. 9.13 Examples of benefits of Analytics
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1 Identify and develop new products/services
2 Identify and develop better products/services. Better serve existing customers. Reduce 

customer churn. Understand field problems faster. Reduce service costs.
3 Better predict/forecast the needs for products/services
4 Have all information available when needed. Make better decisions
5 Identify quickly any lack of compliance. Resolve it by building compliance into workflow
6 Improve business processes, use less resources, reduce process execution time
7 Maintain equipment/machines better, leading to longer life  
8 Maintain equipment/machines better. Avoid equipment/machine downtime and idle time as this 

can be costly 
9 Identify optimum operating conditions, improve efficiency. Reduce waste and pollution. Reduce 

costs. Maximise utilisation.
10 More finely segment the market, better match product/service supply to customer demand. 

Customise products and services to individual customer needs.  

Fig. 9.14 Sources of Big Data value

Analytics offers opportunities to leverage data and deliver deep insights for prod-
uct managers. The company can better understand products, and predict what cus-
tomers want next. Tailored products can be configured to meet the expressed and
unexpressed desires of customers.

9.5.2 The Value of Big Data

Figure 9.14 shows ten sources of value for Big Data. These are the areas in which
companies typically look to justify investment in Big Data technology.

These sources of Big Data value exist in all industries. For example, in the phar-
maceutical industry, companies can work with Big Data (molecules, clinical trials,
patient data, etc.) to identifymarkets for newdrugs for unmet health needs. In produc-
tion environments, companies can analyse Big Data (operating data from machines)
to minimise downtime and maximise throughput. In the power generation industry,
wind turbine blade pitch and yaw can be adjusted to whatever is optimum, taking
account of factors such as wind speed, grid demand, and the supply from other
turbines on a wind farm, and the supply from other sources. In the road and rail
transportation sectors, companies can use Big Data to minimise unloading/loading
turnaround time of trucks and trains. Just reducing waste by a few per cent can have
a significant impact. In the air transportation sector, aircraft engine performance can
be optimised to achieve, for example, reduced fuel consumption and reduced aircraft
landing delay. Again, reduction of waste by a few per cent can have a significant
impact.

9.5.3 Lifecycle Application Areas of Big Data

BigData andAnalytics can contribute across the product lifecycle. Figure 9.15 shows
some examples. For example, at the beginning of the product lifecycle, Big Data and
Analytics can improve innovation, and help get a better understanding of customer
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Fig. 9.15 Examples of Big
Data use across the
product lifecycle

Phase Big Data Use

Ideate to identify new products and services
to anticipate future needs of customers 

Define to better understand customer behaviour 
to tune existing products and services 
to help shape new products 
to reduce product development iterations
to customise products 
to target customers with add-ons  
to optimise component performance

Realise to launch preventive maintenance
to get insights not previously available
to detect defects in manufacturing 
to monitor product data quality 
to drive efficiency  
to prevent likely problems happening 

Support. 
Use  

to provide customer recommendations
to identify counterfeits 
to reduce operating costs 
to highlight hidden product problems 
to understand product problem causes 
to see tell-tale signs before a problem occurs 
to offer preventive maintenance 
to optimise product presentation 
to identify the best supply chain 
to foresee machine wear and tear 
to improve energy efficiency 
to customise the supply chain 
to predict wear  
to track product behaviour 
to customise support 
to detect faults 
to monitor product degradation 
to identify fraud 
to monitor product quality 
to review  product status

Recycle to minimise waste, and optimise recovery 
to reduce environmental impact 
to predict remaining component lifetimes 
to process components effectively

needs. Later, they can improve product development, improve realisation across the
supply chain, and improve service. At the end of the product lifecycle, they can
reduce environmental impact.

9.6 Big Data Issues and Success Factors

9.6.1 Questions About Big Data

Big Data offers many opportunities, but also raises many questions. Some of these
are shown in Fig. 9.16.
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Volume There’s so much Big Data. How can we handle it? Where can we store it? 
Variability Different programs use different words with different meanings. How can Analytics understand them?
Variety Big Data comes from so many sources, each with its own format. How can we read them all?
Visualisation How can we present so much data in an understandable way?
Velocity There’s so much data coming all the time. How can we process it quickly enough?
Value How can we find anything useful in all that data? How can we show there’s any value in Big Data?
Verification With such huge volumes, how can we check the data and the sources? 
Veracity How can we know that all this Big Data is reliable? Can we trust it?
Vulnerability How can we know that criminals and competitors aren’t manipulating Big Data before we get it?

Fig. 9.16 Typical questions with Big Data

9.6.2 Typical Issues with Big Data

As well as the many questions about Big Data, there are also many potential issues
with Big Data. For example, the CIO organisation in many companies is already
overloaded. It may not have the resources to address Big Data and Analytics.

Big Data and Analytics technology is relatively new. A company may find itself
pioneering untried technologies and approaches.

Big Data comes from many sources. Many of these have data related to several
subjects. A company may not have people with the skills to understand each source.

It can be difficult to understand, from so much data from so many internal and
external sources, which data is most relevant.

Big Data is easy to collect from multiple sources. However, it also needs to be
managed properly. Big Data governance needs to be defined.

There’s a danger that with so much data being available, it may be possible to link
data to particular individuals. This loss of privacy could affect a person’s private life.
Within a company, it could be used to identify high and low performers, and result in
the latter being fired, perhaps on the basis of low-quality data, unsound hypotheses
and bugs in analytic software.

Analytic results may look highly precise and meaningful. However, if the under-
lying hypotheses are wrong, the results may look great, but be meaningless and/or
dangerous. And, if they’re based on insufficient data points, they can also be danger-
ous.

In some cases, very high availability and reliability of data and analytic results
is important, for example, for aircraft and for surgical equipment. Loss of a few
fractions of a second could be fatal.

Scalability of Big Data solutions will be important for many companies. They
will want to start with a low volume of Big Data, then scale up to very high volumes
of Big Data.

Another danger is that Big Data can easily be manipulated. Websites and user
profiles can be created with false information that is then copied, republished and
retweeted by other sites and people, eventually gaining credence. Applications can
be developed to automatically write negative comments and blogs about a company’s
products, or give false information about potential customers’ requirements for a new
product.

Other Big Data issues are shown in Fig. 9.17.
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Multiple contexts Scalability Threat to individual privacy High-precision meaningless results
Displaying results Lack of governance Viruses in algorithms Immature Big Data technology
Incorrect hypotheses Availability Varying/unknown data quality Lack of experience in Big Data management 
Lack of skills Bugs in algorithms Many types of Big Data Conflicting sources of Big Data
Data manipulation Inflexible algorithms Poorly-performing algorithms Multiple meanings/interpretations
Self-inflating results Data security Multiple languages Insufficient occurrence of data points
Lack of data structure Data storage Unclear data lifecycle Unclear, fragmented data ownership

Fig. 9.17 Other issues with Big Data

9.6.3 Typical Issues with Big Data Projects

As well as issues with Big Data, there are also issues that may arise with Big Data
projects. For example, sometimes the Big Data project team is so excited by the
great new opportunities of Big Data that they don’t even check if the subject has
already been addressed, at least partially, in the company. And then they waste time
recreating the wheel.

There’s so much Big Data out there, and so many things a company can do with
it, that it can be difficult to identify the right data and work out how to use it best.
It’s important to identify and describe the opportunities, then prioritise them. Is the
company’s objective to customise products to meet the desires of each individual
customer? Or is it to show website ads customised to different customer profiles?
There are so many possibilities that, unless clear priorities are established, nothing
useful may result from the Big Data project. Lack of prioritisation often results from
a lack of an agreed business case. In turn, lack of a business case often results from
not having a clear understanding of the business value of Big Data.

Letting the ISDepartment run the Big Data can be risky. Theymay put technology
issues before business needs. Until the company defines its business needs, the IS
Department can’t know what technology will be needed.

Other issues with Big Data projects are shown in Fig. 9.18.

Lack of business case Lack of project governance IS-run project, business-irrelevant Not embedding Big Data in daily work
Unclear business value Ignoring databases in use Not modelling business processes Ignoring ongoing data-related projects 
Unclear ROI Changes to project scope Not modelling the data landscape Not identifying right Big Data to work with
Unclear NPV Not going beyond a pilot Lack of opportunity prioritisation Putting technology before business need

Fig. 9.18 Potential issues with Big Data projects

Clarify project governance Clarify project objectives Define Organisational Change needs
Understand Big Data and Analytics Focus on business targets Identify changes to business processes
Collaborate with related projects Clarify Big Data governance Embed potential benefits in the business

Fig. 9.19 Success factors for Big Data projects
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9.6.4 Big Data Success Factors

Lessons can be learned from successful Big Data projects. Corresponding success
factors can be identified (Fig. 9.19).

As in any project, it’s important to identify and appoint the Project Sponsor. And
then appoint the Project Leader and team members. The objectives and rules for the
Big Data project have to be defined. Related projects should be identified. The best
way to collaborate with them should be agreed.

Big Data and Analytics may be new subjects for many people in the Big Data
project. Some education and training about these subjects will probably be needed.
It’s important to get a good shared understanding of Big Data before proposing
solutions.

It’s easy to capture lots of Big Data, much more difficult to do something useful
with it. Before coming up with solutions and exhortations for new applications, it’s
important to identify the business benefits that can be achieved. And then estimate
their value. It’s only then that executives can decide howmuch they can invest in Big
Data.

Once the business benefits have been identified and agreed, the next step is to
understand how Big Data and Analytics will be embedded in everyday activities.
Big Data and Analytics aren’t needed if they’re not going to be used. And, if they are
going to be used, some business processes will have to be changed to include them.
The business processes that will be affected should be identified. The way that they
will be adapted to take advantage of Big Data must be detailed and documented. The
corresponding education and training activities should be defined.

It’s important to define and document the rules, regulations, procedures and poli-
cies thatwill be applied toBigData. It’s important to train people about them.Without
clear documented governance, anything can happen. Without good governance, the
countless risks and potential problems lurking in the Big Data environment might
suddenly become a big issue.

The data model for Big Data should be defined, detailed and documented. It has
to fit in the Enterprise data model.

There need to be rules about accessing, retaining, reading, writing and commu-
nicating data. There are data privacy, security, compliance, quality and accuracy
questions to address. There need to be policies about the data sources to access, what
data to use, which data to keep, and how long to keep it.

When the business benefits have been identified, and it’s clear how everyday
activities should be adapted, the project team can then look for applications to support
the activities and help achieve the benefits. Perhaps the company’s PDM system can
be used for some of the Big Data. The project team should address training. Once
changes have been made to business processes, and technology and applications
implemented, more training will be needed.
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9.7 PLM, IoT and Big Data

Previous sections have introduced the Internet of Things and Big Data. This section
looks at the relationships between these subjects and PLM.

There are many areas of overlap between PLM, the IoT and Big Data. First of
all, there’s overlap in content. This can be illustrated by reference to the PLM Grid
(Fig. 9.20), which shows the resources which can be organised in different ways to
manage a product across its lifecycle.

For example, a lot of product data will be needed to describe the IoT “thing”,
and its devices. This data will need to be stored in a Product Data Management sys-
tem. Other PLM applications used by the company, such as CAD, will be needed to
develop the “thing”. As people in a company may have no experience of developing
a connected product, they’ll need to learn new skills. A new way of working, such as
system engineering, may be needed. New PLM applications, not previously used by
the company, such as ECAD and IoT platforms, may be needed. Business processes
will have to be redefined to address all the new activities related to connected prod-
ucts. New equipment may be needed, for example to assemble connected products.
Changes will be made to the company’s organisation to include new roles address-
ing connected products. Management will set objectives for the IoT, and put Key
Performance Indicators in place to track progress.

Computing and communication environment 

Ideate Define Support / Use Retire /Dispose

Ideas User Manuals Disposal PlanCAD Models & Drawings
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New Product Development

Product Data Management

Methods
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Fig. 9.20 The PLM Grid
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Company product definition data Company product description data External product description data

Part names Test equipment data Point of Sales data 
Product numbers On-board sensor data Tweets
CAD files Shop floor equipment data Websites and Blogs

Fig. 9.21 Three types of product-related data

There’s also likely to be overlap between the project set up to address IoT and the
PLM Initiative, as they both address the company’s products.

There are also areas of overlap between product data, which is one of the com-
ponents of PLM, and Big Data. Firstly, there can be overlap because some of the
product data that will be stored in a PDM system will be Big Data. Product data
is the data that defines and describes a product. Product data is needed to ideate,
develop, produce and support a product throughout its lifecycle. The classification
of data as product data or Big Data isn’t clear. One person’s product data can be
another person’s Big Data. And today’s Big Data could be tomorrow’s product data.
The amount of overlap between a company’s product data and Big Data will also
depend on how the company defines them, and how it classifies data. Unless care is
taken, this overlap may lead to confusion and squandering of resources.

Figure 9.21 shows three categories of data that defines or describes the product.
“Company product definition data” is usually created, owned and structured by the

company owning the product. It’s relatively low-volume, and easy for a person to find
and understand. It’s usually created by the company’s systems. Companies usually
think of this type of data as product data and put it in their PDM system. Because
the company defines the structure and format of this data, it can write programs to
analyse it. As the company has created this data, it should be confident of its quality.
That’s not to say that it’s necessarily 100% clean. There can also be a lot of “dirty
data” in a company’s PDM system. And there can also be problems when data from
different sources are aggregated, e.g. if data doesn’t have exactly the same meaning
in different sources.

“External product description data” usually isn’t created, owned or structured by
the company owning the product. It’s very high volume, and almost impossible for
a person to interpret. It’s not created by the company’s systems. Usually this data
doesn’t define a product, but describes it. Because the company doesn’t define the
structure and format of this data, it will have problems to write programs to analyse
it. Companies usually think of this type of data as Big Data.

“Company product description data” is usually created, owned and structured by
the company. It’s relatively high-volume and difficult for a person to understand.
Usually, companies don’t put all this data in their PDM system. Instead, they put
some of it in their PDM system, but leave most of it in the database of the PLM
application that created it. Because the company defines the structure and format of
this data, it can write programs to analyse it.
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9.8 The Opportunity of the Internet of Things

9.8.1 Financial Opportunity of the IoT

Various estimates have been made of the size of the various IoT-related markets. It’s
expected, for example, that in 2020 there will be a few tens of billions of IoT devices,
with a market size of a few hundred billion dollars.

9.8.2 Strategic Opportunity of the IoT

Before the IoT, many companies lost touch with their product once it went out the
factory gate. Once the product was at a customer location, it was difficult for a
company to keep control of it. Unless a product fault or breakdown occurred, often
nothing was heard about the product, nothing was known about its performance.
In the pre-IoT environment, it was easy for companies that develop, produce and
support products to lose control over a product.

With the IoT, companies can keep in contact with their products across the prod-
uct lifecycle. The Internet of Things enables companies to see their products across
the product lifecycle. The IoT gives them the possibility to receive information from
the product, and control it, even if it is far away. The IoT offers numerous opportu-
nities to get a better understanding of the way products behave over their lifecycle.

The product can create its own onboard electronic log, noting data such as test
results, operating conditions, performance, component use and changes, age, date
and time, location, etc. All this information can be transmitted back periodically (on
demand, or continuously) to the product manufacturer.

With the IoT, companies can offer new services on top of existing products. For
example, a vending machine manufacturer can inform soft drinks companies when
the stock of drinks in a vending machine is running low. Machine tool manufacturers
can predict when a device at a customer site will fail and propose maintenance
activities to avoid problems. This will prevent costly machine downtime and loss
of production. Improving security, products, ranging from ships through aircraft to
consumer products, can be tracked and unusual situations notified.

Companies can get the product to report back about how it’s working. They can
listen to the Voice of the Product. Data sent by a product during its operation by a
customer can be used in product development to help improve future generations of
the product.

With the IoT, companies can also offer new products and services. For examples,
new wearable health products can measure blood pressure, glucose levels, alcohol
level, pulse, cardiac electrical activity, sleep, brain wave patterns, etc., and report
results over the Internet to a health service provider.
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9.9 Potential Benefits with the Internet of Things

The Internet of Things offers benefits to both product manufacturers and product
users.

9.9.1 Benefits for the Manufacturer

The IoT offersmany potential benefits for themanufacturer of the product (Fig. 9.22).
Some benefits arise when the product is outside the company, fromwhere the product
can send data to the company’s product developers, maintenance engineers, machine
operators and sales force. For example, from data sensed and communicated by-
product devices, the company can understand how the product behaves when it’s
being used by the customer. From analysis of this data, the company can identify
innovative new products and services to better meet the customer’s requirements.

Other benefits arise when the product is inside the company. For example, product
components, sub-assemblies and assemblies can be fitted with transmission devices
so that they can be tracked during the realisation phase to improve quality, reduce
risks and optimise manufacturing and assembly times.

9.9.2 Benefits for the Product User

The IoT also offers many potential benefits for the user of the product (Fig. 9.23).
The user can benefit from new and improved services on new and improved products,
with new and improved features and functions.

The user can operate the product remotely, and in adverse conditions. For example,
with the IoT, on a cold snowy day, before your commute home, you can, from your
smartphone, switch on the oven and the heating, and switch off the intruder alarm
system. As you drive up your property’s access road, you can open the garage door
and avoid ruining your shoes walking through snowdrifts.

Innovate great new products and services Save time Optimise resource usage
Enhance existing products with value-adding services Increase revenues Understand customer needs better
Add value throughout the product lifecycle Improve quality Reduce costs across the product lifecycle

Fig. 9.22 Benefits for the product manufacturer

Get customised services Monitor activities Reduce usage costs Optimise performance Operate in adverse conditions
Get new products Prevent misuse Get real-time data Reduce human errors Monitor resource usage
Get improved products Analyse data Operate remotely Optimise maintenance Remember preferred settings
Get improved services Reduce risks Get new services Carry out transactions Sense unplanned conditions

Fig. 9.23 Benefits for the product user
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The product user can monitor product performance from afar. For example, from
your office you can check the operation of your home’s intruder alarm system. You
can see what your cat is doing. You can check humidity and temperature levels.
Activities canbemonitored to reduce risks, for example sensingunexpectedoperating
conditions and responding quickly.

With the IoT, the user can easily provide the manufacturer with feedback such as
improvement suggestions at specific operating times.

At the end of life of a product, the data in the product’s log can be reviewed
to identify which components can be reused, which can be remanufactured, which
should be recycled, which should be disposed of. This can reduce costs and improve
compliance with environmental rules and regulations.

9.9.3 IoT Impacts Across the Product Lifecycle

The Internet of Things has impacts across the product lifecycle (Fig. 9.24).
In the innovation phase, companies can imagine new business models, new prod-

ucts and new services.
In the definition phase, companies can benefit from better understanding of cus-

tomer needs to develop new products and services. They can also improve existing
products and services. Data fed back from products in the field can be fed into
the development of the next generation of products. Product developers can review
feedback information about reliability problems, failure rates and customer com-
plaints corresponding to specific usage conditions and product performance levels.
They can analyse information about typical component lifetimes, average repair and
replacement rates, disposal costs and actual disassembly costs and times. All of this
information can be used to improve future components and products.

Lifecycle Phase

Ideate Imagine new products and services Imagine new business models
Define Develop better

Better understand customer needs 
Improve customer interaction
Make product modifications based on customer usage data 

Realise Anticipate machine failures
Improve uptime 
Minimise machine downtime 
Reduce downtime costs 
Reduce shutdowns 
Track parts in assembly

Track inventory
Track products 
Reduce energy costs 
Optimise manufacturing parameters 
Correct the position of a part 

Support. Use Optimise vehicle trajectories
Understand customer usage 
Link insurance premiums to behaviour 
Track luggage 
Get real performance data from a product 
Prevent spare part counterfeiting 
Enable remote monitoring and service 
Monitor product condition 
Monitor the product environment  

Reduce fuel costs
Propose additional services 
Monitor product use 
Enable remote service and repair 
Enable remote control of the product 
Enable remote upgrade of the product 
Track products 
Trigger maintenance work
Switch from fixed schedules to preventive maintenance  

Retire. Recycle Treat waste environmentally Reuse viable constituents

Fig. 9.24 IoT impacts across the product lifecycle
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Data about the product’s performance reliability, availability, maintainability and
safety during realisation and use can be used to avoid repeating errors, and reduce
development time and effort. Designs that have been successful in existing products
can be reused. Reusing successful designs should reduce development time. And due
to use of the proven design, there should be fewer breakdowns and changes during
product operation. Increased customer satisfaction should result from amore reliable
product.

In the realisationphase, for example on the company’s factoryfloor, if a component
“sees” that it is incorrectly positioned for assembly, its position can be automatically
corrected. Components can be tracked through manufacturing and assembly so that
anything that goes wrong can be corrected quickly.

In their use phase, products can be tracked throughout their lifetime. Immedi-
ate support can be provided if needed. The IoT offers opportunities to get a better
understanding of the way products behave over the product lifecycle. This under-
standing can be used to optimise use and maintenance activities of the product. For
example, the collection and analysis of data from a fleet of commercial vehicles
enables a different maintenance schedule for each vehicle based upon its specific
usage conditions. Engine components can be monitored for fatigue. Compared to
maintenance at fixed intervals, this can lead to a reduction in downtime and mainte-
nance costs. The number of component breakdowns can be reduced.

Maintenance practices for all sorts of household appliances, ranging from water
heaters to refrigerators, can be improved, shifting from intervention after breakdown
to predictive maintenance. As a result, there should be fewer component failures,
reduced maintenance intervention and reduced maintenance costs. The IoT also
enables remote upgrade of a product’s control software. This reduces downtime
compared to the traditional approach of taking the product to a service centre for an
upgrade.

In the retire/recycle phase, the components of a product can be tracked, iden-
tified and treated in an environmentally correct way. Based on information about
production dates, maintenance dates, repaired parts, replaced parts and usage condi-
tions, better decisions can be taken about which components to dispose of, which to
remanufacture, and which to reuse.

9.10 IoT Issues and Success Factors

9.10.1 Issues with the IoT

The Internet of Things offers many opportunities across the product lifecycle. How-
ever, there are also some potential issues with the IoT (Fig. 9.25).

IoT technology is at an early stage. It’s unclear how it will develop. Currently there
are few standards. There’s a risk of manufacturers and users finding themselves with
many incompatible devices with poor user interfaces. The devices can produce an
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Standards Trust Hackable old systems Flood of devices Integration with other systems
Skills Theft Company structure Flood of disparate interfaces Proprietary architecture 
Knowhow Data storage Hostile user interfaces Flood of meaningless data Proprietary protocols 
Legal liability Data security Diversity of devices Flood of useless data Limited scalability
Regulations Data privacy Difficult set-up Flood of transmitted data Limited customisation
Safety Data processing No governance model Increased waste Limited communication
Cost Flood of data Unreliable connectivity Difficult recycling Intellectual property management

Fig. 9.25 Typical issues with the Internet of Things

overload of data that has no meaning, or is difficult to exploit. There are security
issues, as devices may be hacked. There are data ownership issues, with data being
sent across the Internet betweenmany devices,many computers andmany customers,
suppliers and manufacturers. There are data privacy issues, with users sending con-
fidential information to products in their homes, and devices sending confidential
information back to them. As devices increasingly communicate with each other,
without any human interaction, these issues of data security, ownership and privacy
will become even more complex.

Another issue is that the Internet of Things is the Internet on which government
agencies, crime syndicates and brilliant students hack and snoop tirelessly with state-
of-the-art technology. They read everything, hunting for valuable information. Prod-
uct manufacturers and users may be concerned about important information being
read by the unscrupulous. The latter may find out about problems with the product,
and pass the information on to competitors. Or they may blackmail the company,
threatening to reveal the information to consumer organisations or to government
agencies.

9.10.2 Typical Issues with IoT Projects

Just as there are potential issues with the Internet of Things, there are also potential
issues with IoT projects. These issues can be found in many areas (Fig. 9.26).

Most existing products weren’t designed to be connected to the Internet. It may
be more difficult and costly to adapt them than expected.

Most people don’t have experience of innovating or developing smart connected
products. It may take more time and expense than expected for them to learn the
appropriate skills. It’s difficult to get people to change. It’s very difficult to get them
to change if nobody can tell them why they should change, where they’re meant to
be going, or why they’re meant to be going there.

Lack of people with IoT understanding Lack of governance Lack of business support No KPIs for success
Difficulty of getting people to change Over-optimistic timeline Lack of people with IoT skills Poor project leader
Managing new systems (e.g., ECAD) Immature technology Unclear business requirement Unclear targets
Forgetting the lifecycle (maintenance, waste) Change of project scope Lack of executive commitment IoT icebergs

Fig. 9.26 Typical issues with IoT projects
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Among the strategic issues in the IoT project, should the company change its busi-
ness model? Which opportunities should it pursue? Among the organisational issues
that may arise in the IoT project, how should the company reorganise to take advan-
tage of the IoT? How will it address systems engineering of mechatronic products?
Will it do everything in-house, or will it add new design and supply chain partners?
Another issue is that the IoT may be seen as a new technology for engineers to play
with in their sandboxes, not as a business subject requiring executive involvement.

The IoT offers many opportunities, but the first opportunity that appears may not
be the best. It may take a long time to find the best opportunities. The project team
needs to take the time to find the best opportunity, and not be rushed into something
quick and dirty. The IoT project members may feel that they should look for an
approach in which the company does everything itself. But they shouldn’t forget to
look also at alternatives involving design and supply chain partners.

9.10.3 Success Factors

Figure 9.27 shows some of the factors that lead to successful IoT projects.
Education and training are key to success. People who know little about IoT, and

have no experience with it, are unlikely to succeed. Management involvement is
necessary to set objectives and point people in the right direction for the company.
Team members may be expected to learn all about the IoT, but that’s only part of
what’s needed. They also need to know the business objectives of the IoT project.

It’s important to clarify the company’s IoT business model. If there’s no change
from the existing business model, perhaps some opportunities are being missed. It’s
important to review the possibilities for developing a newdesign/supply/maintenance
chain for connected products. Once solutions have been identified, and implemen-
tation started, it’s important that bugs, snafus, bloopers, gaffes and goof-ups are
identified and fixed before full-scale launch.

9.10.4 IoT, Big Data and the PLM Initiative

There’s so much overlap between the IoT, Big Data, and PLM, that IoT and Big
Data projects in a company shouldn’t be run separately from the PLM Initiative. The
overlap should be taken into account when organising the corresponding projects. It’s
useful to foresee some joint, inter-project activities. Otherwise it’s likely that there’ll

Build new and evolving IoT skills Involve management in IoT decisions Understand opportunities, generate and filter ideas
Manage organisational change Focus on the business, not technology Develop the IoT design/supply chain
Clarify the business model Collaborate with lead customers Identify and fix bugs before full-scale launch

Fig. 9.27 Success factors for IoT implementation



360 9 PLM and the Internet of Things

be duplication of activities. And confusion. For example, the Big Data project may
think that the PLM Initiative is responsible for a particular type of data. Whereas
the PLM Initiative may think that type of data is the responsibility of the Big Data
project. The result could be that nobody looks at that type of data, and opportunities
are overlooked. Joint activities should be carried out between the projects. The first
of these should be to identify and address the areas of overlap.

To keep the IoT project, the Big Data project and the PLM Initiative aligned and in
phase, the joint activities should involve members of all three project teams. It’s also
useful to include the PLM Initiative leader in the Steering Groups for the Internet
of Things project and the Big Data project. And to include the Internet of Things
project leader and the Big Data project leader in the Steering Group for the PLM
Initiative.
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Chapter 10
PLM, Facilities and Equipment, Industry
4.0

10.1 This Chapter

10.1.1 Objective

The objective of this chapter is to give a basic introduction to Industry 4.0 in the
context of PLM and a PLM Initiative. This will help those in a company’s PLM
Initiative to understand Industry 4.0 topics and integrate them into the company’s
approach to PLM and the PLM Initiative. This chapter also aims to give students,
for whom this book is a course book, a basic understanding of the components of
Industry 4.0. The chapter also gives an introduction to the “Facilities and Equipment”
component of the PLM Grid, and its relationships to Industry 4.0.

10.1.2 Content

The first part of the chapter is an introduction to Industry 4.0. It describes the back-
ground and development of Industry 4.0 in different countries. The second part of
the chapter addresses the technologies and buzzwords of Industry 4.0. The third part
of the chapter describes how Industry 4.0 technologies relate to the PLM Grid, in
particular to the “Facilities and Equipment” component. The fourth and final part of
the Chapter presents a vision of Industry 4.0 facilities and equipment from a PLM
viewpoint.

10.1.2.1 Skills

This chapter will give students, in classes for which this book has been assigned,
a basic understanding of Industry 4.0 and its relationship to PLM. They’ll learn
what Industry 4.0 is and why it’s important. They’ll know about the “Facilities and
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Equipment” component of the PLM Grid They’ll be able to explain, communicate
and discuss about Industry 4.0 and its components in the context of PLM and a PLM
Initiative.

10.2 Introduction to Industry 4.0

10.2.1 Background—Germany

Industry 4.0 is usuallymentioned in the context of new technologies. But Industry 4.0
isn’t a technology. It’s more like a concept, or a slogan, which is why it’s important
to understand its background and scope. The roots of Industry 4.0 are to be found
in Germany, a country where manufacturing industry is important, accounting for
some 20.5% of GDP in 2017. Germany ranks fourth worldwide in manufacturing
output behind only China, the US and Japan. In the early years of the twenty-first
century, questions were being asked in Germany about the way the country could
maintain a leadership position in the manufacturing sector. The sector faced multiple
challenges. For example, new low-cost competitors were emerging in Asia. Another
challenge was the increasing amount of software and electronics in products, such
as cars and machine tools, which had previously been mainly mechanical.

In 2010, the German Government, wanting to address these challenges, devel-
oped its “High-Tech Strategy for 2020”. One of the actions proposed was to look
in more depth at what was to become Industry 4.0. As a result, in April 2013 an
80 page-report “Securing the future of German manufacturing industry. Recommen-
dations for implementing the strategic initiative INDUSTRIE 4.0” was published.
This described a new type of industrialisation: Industry 4.0. This was positioned as a
successor to three previous industrial revolutions. These were enumerated as mech-
anisation, electricity and IT. Industry 4.0, the fourth industrial revolution (hence the
4.0) was seen to result from the convergence of the virtual world (cyberspace) and
the physical world in the form of Cyber-Physical Systems. These were expected
to lead to technical innovations such as Smart Factories and Smart Products. They
were also expected to lead to organisational changes with companies establishing
networks linking customers, products, factory equipment and suppliers.

In April 2015, Industry 4.0 activities in Germany were coordinated by Plattform
Industry 4.0, whichwas led by the FederalMinister for EconomicAffairs andEnergy,
the Federal Minister of Education and Research, and representatives of business,
science and labour unions. The overarching goalwas to secure and expandGermany’s
international leadership position in manufacturing industry.

Plattform Industry 4.0 had six working groups: Technology and Application Sce-
narios; Security of Networked Systems; Legal Framework; Work, Education and
Training; Digital Business Models in Industry 4.0; and Reference Architectures,
Standards and Norms. Each of these had thirty to fifty members who met several
times a year.
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By 2018, more than 500 funded Industry 4.0 projects had been launched. Among
the deliverables they produced was the Reference Architecture Model Industry
4.0 (RAMI 4.0) which was on its way to being international standard IEC PAS
63088:2017. Not all deliverables addressed technology. An example of this was a 68
page report, “Shaping the Digital Transformation Within Companies”, which gave
examples and recommendations for action regarding basic and further training.

10.2.2 Background—Elsewhere

Governments, companies and university researchers in other countries saw what
was happening in Germany. They reasoned that they should also be preparing their
countries, industries and companies for the coming industrial revolution, so they also
launched Industry 4.0 programs and projects.

In the Netherlands, government and industry stakeholders launched the Smart
Industry (SI) initiative in November 2014. In April 2015, France launched its Indus-
trie du Futur (IdF) programme. InApril 2016, Australia launched its PrimeMinister’s
Industry 4.0 Taskforce. In 2017, the taskforce signed a cooperation agreement with
Plattform Industry 4.0. In April 2016, Mexico’s Ministry of Economy published
a Roadmap for Industry 4.0 in Mexico. In 2016, Sweden introduced Smart indus-
try—a strategy for new industrialisation. In February 2017, the Italian Ministry of
Economic Development launched the Industry 4.0 National Plan (I4.0). In its 2017
Industrial Strategy White Paper, the UK Government referred to a fourth industrial
revolution and mentioned Germany’s Industry 4.0. The fourth industrial revolution
is sometimes abbreviated as 4IR.

The approach in the US differed from that in Germany. In the US there wasn’t
a single organisation driving Industry 4.0. Several organisations got involved. They
took different approaches. The National Association of Manufacturers, the largest
manufacturing association in the United States, aimed to be a leader in providing
best practices, data and insights onManufacturing 4.0. It identified five critical issues
for 2018/2019: Factories of the Future; Manufacturing 4.0 Sustainability; Transfor-
mative Technologies in Manufacturing; Next-Generation Manufacturing Leadership
and the Changing Workforce; and M4.0 Cultures: Collaborative, Innovative, and
Integrated. The Digital Capability Center at Manufacturing USA’s Digital Manufac-
turing and Design Innovation Institute (DMDII) gave organisations an opportunity
to explore Industry 4.0. DMDII is one of Manufacturing USA’s 14 manufacturing
innovation institutes working to secure the future of manufacturing in the United
States through innovation, education and collaboration. In 2017, the National Elec-
trical Manufacturers Association (NEMA) announced the Internet of Things as one
of its Strategic Initiatives for 2018.

The Industrial Internet Consortium (Needham, MA) was founded in 2014 by
AT&T, Cisco, General Electric, IBM, and Intel. The IIC is run as a program under
theObjectManagement Group, Inc., which is an international, not-for-profit technol-
ogy standards consortium. Its mission is to deliver a trustworthy Industrial Internet of
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Things (IIoT) in which the world’s systems and devices are securely connected and
controlled to deliver transformational outcomes. Differing from Plattform Industry
4.0, the IIC isn’t focused on manufacturing. It addresses 7 industries: energy; health-
care; manufacturing; mining; retail, smart cities; and transportation. By 2018, the IIC
had over 200 members. There were about twenty Working Groups and teams work-
ing in areas such as: Business Strategy and Solution Lifecycle; Liaison; Marketing;
Security; Technology and Testbeds. The testbeds, of which there were about thirty,
enabled solutions to be deployed and tested in environments resembling real-world
conditions. Among the deliverables of the working groups were reports such as:
“IoT Security Maturity Model”; and “Smart Factory Applications in Discrete Man-
ufacturing”. Another deliverable from the IIC was the Industrial Internet Reference
Architecture (IIRA).

With so many activities in different countries, there was a danger of producing
conflictingproposals or standards. Fortunately though, effortsweremade to avoid that
outcome. Since 2016, Plattform Industry 4.0 has agreed on cooperation with similar
groups in France, Japan, Australia, Italy and the Netherlands. And, in February
2018, the IIC and Plattform Industry 4.0 published a joint whitepaper (Architecture
Alignment and Interoperability) addressing alignment between the IIRA and RAMI
4.0 reference architectures. The white paper showed the complementary nature of
the two architectures, and the need to continue to ensure interoperability.

10.2.3 Opportunities with Industry 4.0

According to proponents of Industry 4.0, the convergence of the physical world
and the virtual world will lead to a digital world in which all parts of a company
(marketing, engineering, logistics, manufacturing, maintenance, customer service,
etc.), its suppliers, its customers and its products will be connected together over
communications networks.

The resulting newworld will differ greatly from the old. In the newworld, there’ll
be new opportunities and new business models such as: finding out what products a
company’s future customerswant to acquire before the products even exist; selling all
sorts of products and services over the Web; offering products for lease rather than
for purchase; “pay-per-use” of products; networks of companies coming together
for specific products; mass customisation with autonomous, self-controlling, self-
configuring factories producing with a batch size of 1, etc.

10.2.4 Japan—Society 5.0

Industry 4.0 is focused mainly on Manufacturing, on industrial production. A differ-
ent focus was taken in April 2016 by the Japanese government in its 5th Science and
Technology Basic Plan. The plan addresses the period between 2016 and 2021. Its
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focal point is the development of society towards a Super Smart Society, the Soci-
ety 5.0. The corresponding “Accelerating Open Innovation—Toward Sustainable
Innovation Co-created by Industry, Academia, and Government” White Paper was
published in 2017. It showed that the 5th Basic Plan aims to create a human-centred
society that achieves both economic development and solution of social problems
through sophisticated fusion of cyberspace and physical space. Towards Society 5.0,
the Japanese government will focus on fundamental technologies including IoT, big
data and artificial intelligence; and initiatives necessary for building platforms util-
ising these technologies.

The previous revolutions to Industry 4.0 were listed as mechanisation, electricity
and IT. However, Society 5.0 is seen as the new society following the hunter–gatherer
society, the agricultural society, the industrial society and the information society.

10.2.5 Take-Away

Some points to note:

• Industry 4.0,which started as an activity specifically forGermany, is nowaddressed
worldwide.

• Industry 4.0 is a concept. It’s about preparing for, and creating, a new environment.
It’s not about purchasing specific products or services, equipment or applications.

• Industry 4.0 is a moving target. Its bounds aren’t set. As new innovations and
technologies appear, they may also be addressed as part of Industry 4.0.

• Industry 4.0 seems to be here to stay for the foreseeable future. Governments,
companies and university professors and researchers have taken it on board. More
and more Industry 4.0-related organisations are being created, and they’re looking
to develop new standards, carry out international research projects, develop test
installations, and further promote Industry 4.0 ideas.

10.3 Industry 4.0 Technologies and Buzzwords

10.3.1 Technologies of Industry 4.0

According to proponents of Industry 4.0, the concept and vision of Industry 4.0 will
be achieved by building on many existing and new technologies.

Industry 4.0 literature includes many buzzwords such as Smart Factories, Smart
Manufacturing, Smart Products, Factory of the Future, Connected Products, The
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Internet of Things (IoT), The Industrial Internet, Big Data, Social Technology, Ana-
lytics, Sensors, IoT Platforms, Manufacturing Automation, Digital Models, Cyber-
Physical systems, Digital Twin, Robotics, Simulation, Additive Manufacturing, Vir-
tual Reality (VR), Augmented Reality (AR), Cloud, Cybersecurity, Mobile, Radio-
frequency identification (RFID), Artificial Intelligence, Machine Learning, Machine
toMachine communication (M2M), Blockchain and Automatically Guided Vehicles
(AGVs).

That’s an impressive, almost overwhelming, list. However, a clearer picture can
be seen when the buzzwords are displayed in table form (Fig. 10.1).

Looking at the rows of the table, a clearing understanding appears:

• Factory of the Future, Smart Manufacturing and Smart Factories are buzzwords,
not specific technologies.

• Similarly, Manufacturing Automation and Factory Automation are generic terms
referring to automation. They’re not specific technologies.

• A cyber-physical system is a physical object (a thing) controlled by a computer.
Again, it’s not a specific technology. And again, these systems, such as power
grids, have existed for many decades.

• Rows 4 and 5 of the table are applications, software. They’re not specific to man-
ufacturing industry. Artificial Intelligence, for example, can be applied in any
industry. So can simulation. So can Virtual Reality, which you may have experi-
enced while gaming.

Row 1 Factory of the Future Smart Manufacturing Smart Factories

Row 2 Manufacturing Automation Factory Automation

Row 3 Cyber-Physical systems

Row 4 Artificial Intelligence Machine Learning Virtual Reality Augmented Reality

Row 5 Blockchain Simulation

Row 6 Digital Models Digital Twins

Row 7 M2M

Row 8 Internet Internet of Things Cybersecurity

Row 9 Sensors IoT Platforms

Row 10 Smart Products Connected Products Big Data Analytics

Row 11 Social technology Mobile technologies Location technologies Cloud technology 

Row 12 Robotics Automatically Guided Vehicles

Row 13 Additive Manufacturing

Fig. 10.1 A table of Industry 4.0 buzzwords
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• A Digital Model is what it says, a digital representation of a physical thing. A
Digital Twin is an identical (but digital) equivalent of a physical thing. Neither
digital models nor digital twins are specific to manufacturing industry.

• M2M, Machine to Machine communication, is what it says, communication
between machines. It’s not specific to manufacturing industry. In the context of
the IoT, M2M can also refer to direct communication between products.

• Rows 8–11 of the table are components of the Internet of Things.
• Robotics and Automatically Guided Vehicles could be found in a factory. They
could also be found in the home (e.g. a domestic robot) or on the road (e.g. a
self-driving car, an autonomous car).

• Additive Manufacturing, also known as 3D Printing, is a relatively new industrial
manufacturing technology in which physical objects are built by adding, under
computer control, successive layers of material. It emerged in the 1980s.

10.3.2 The Industrial IoT and Industry 4.0

Some organisations and people refer to the Industrial Internet of Things (IIoT). This
is similar to the Internet of Things, but limited in scope to a company’smanufacturing
environment.

The “things” of the Internet of Things are products. They’re smart connected
products. Sometimes they’re personal products such as clothes, toothbrushes and
health monitors. Sometimes they’re home products such as refrigerators, dishwash-
ers and cookers. Sometimes they’re industrial products such as locomotives, wave
energy turbines and aircraft engines. In the case of the IIoT, they’re products (such
as machines) found in factories.

The “things” of the Industrial Internet of Things are the equipment in a factory
such as scanners of incoming goods, robots, machine tools, 3D printers, and test
rigs. All this equipment can be equipped with electronic devices and connected to
a communications network. The Big Data that the equipment generates can be col-
lected to monitor real-time performance. Analysis of the data will improve activities
and decision-making. For example, the risk of machine breakdown will be reduced
by scheduling preventive maintenance based on real-time data. Robots will learn
new tasks while working on the job. Machine settings for the next product will be
simulated before the physical changeover, reducing setup time.
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Row 4 Artificial Intelligence Machine Learning Virtual Reality Augmented Reality

Row 5 Blockchain Simulation

Row 6 Digital Models Digital Twins

Row 7 M2M

Row 8 Internet Internet of Things Cybersecurity

Row 9 Sensors IoT Platforms

Row 10 Smart Machines Connected Machines Big Data Analytics

Row 11 Social technology Mobile technologies Location technologies Cloud technology 

Row 12 Industrial Robots Automatically Guided Vehicles

Row 13 Additive Manufacturing

Fig. 10.2 A table of IIoT technologies

Figure 10.2 shows a table of IIoT technologies. Many of these are included in the
scope of Industry 4.0.

10.4 Back to the PLM Grid

ThePLMGrid (Fig. 10.3) shows the various components of PLM, the activity ofman-
aging products across their lifecycles. It shows the resources which can be organised
in different ways to manage a product across its lifecycle.

From a PLM point of view, the Industry 4.0 technologies fall into two of these
components: Facilities and Equipment; and PLM Applications.

10.4.1 PLM Applications

Figure 10.4 shows the contents of some of the rows of the Industry 4.0 buzzword
table that would fit to the PLM Applications component of the PLM Grid.

10.4.1.1 Manufacturing Automation

Manufacturing Automation, also known as Factory Automation, is applied widely in
most manufacturing facilities. Advantages of automation include increased through-
put and better quality than human operators. Automation is achieved with special
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Row 2 Manufacturing Automation Factory Automation

Row 4 Artificial Intelligence Machine Learning Virtual Reality Augmented Reality

Row 5 Blockchain Simulation

Fig. 10.4 PLM applications among Industry 4.0 technologies

industrial computers, controllers and software, such as Programmable Logic Con-
trollers (PLC), Numerical Control (NC), Computer Numerical Control (CNC) and
Direct Numerical Control (DNC). Other examples areManufacturing Execution Sys-
tems (MES),MaterialHandlingSystems (MHS), ShopFloorDataCollection systems
(SFDC), and Supervisory Control And Data Acquisition (SCADA) systems.

10.4.1.2 Virtual Reality and Augmented Reality

Virtual Reality (VR) and Augmented Reality (AR) technologies are visualisation
technologies. VR allows a user to interact with a virtual computer-generated envi-
ronment as if it was real. AR overlays computer-generated information on the user’s
view of the real world to help with their activities and improve decision-making.
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These technologies have many applications. For example, they can be used when
designing a new product, when assembling two parts, or when selecting parts in a
warehouse. And these technologies can enhance the training that companies offer
their employees.

10.4.1.3 Artificial Intelligence

Artificial Intelligence (AI) applications perform tasks normally carried out by
humans. For example, they “see”, “speak”, “listen”, “understand”, “touch”, “think”,
take decisions and take action. AI applications, of which there are potentially a
huge number, vary from the very simple to the extremely complex. There are
many potential application areas including prospective customer identification, cus-
tomer support, personalised promotions, portfolio optimisation, autonomous robots,
autonomous drones, self-driving vehicles and autonomous passenger airplanes.

10.4.1.4 Machine Learning

Machine Learning is a subset of Artificial Intelligence in which a computer learns
from patterns, datasets and inference to carry out a specific task without using explic-
itly programmed instructions.

10.4.1.5 Blockchain

A Blockchain is a decentralised networked “ledger” for a community. It records
transactions between community members in connected blocks of data. In addition
to the data about each specific transaction, the block also contains control information
such as a date stamp and information on the previous block. Blocks can be added,
after verification, to the blockchain, but the blockchain’s algorithms and cryptogra-
phy prevent existing blocks of data (records of transactions) being changed without
the involvement of the community. In this way, the blockchain maintains a perma-
nent record of the transaction, and certifies the transaction. In the PLM context, the
transaction could address and protect any form of product data, such as a design, or
CADfiles or a proposal. Depending on the type of product data, the transaction could
be between different types of company or person, for example between a company
and its suppliers, or a designer and their potential clients.

10.4.1.6 Simulation

Simulation is carried out to study the performance of a system before it has been
physically built or implemented. It can be used to study the performance of a plant
or a machine without actually building or implementing it.
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Fig. 10.5 Facilities and
equipment among Industry
4.0 technologies

Row 10 Smart Machines Connected Equipment

Row 12 Robotics Automatically Guided Vehicles

Row 13 Additive Manufacturing

10.4.2 Facilities and Equipment

Figure 10.5 shows the contents of some of the rows of the Industry 4.0 buzzword
table that would fit to the Facilities and Equipment component of the PLM Grid.

Facilities and equipment are an important component of PLM. They’re used in
every phase of the product lifecycle: ideation; definition; realisation; support; retire-
ment.

A wide range of facilities is used across the product lifecycle. The facilities used
vary from one industry sector to another. Depending on the industry, the facili-
ties could include laboratories; wind tunnels; manufacturing plants; foundries; clean
rooms; service centres; test sites; decommissioning facilities and wreckers’ yards.

An evenwider range of equipment is used across the product lifecycle. Depending
on the industry, the equipment could include rapid prototyping equipment to produce
accurate physical prototypes directly from a CADmodel. It could include equipment
used during the production phase of the product lifecycle, such as a stampingmachine
to make car body parts, or a milling machine to machine a turbine blade, or an oven
to heat plastics. Measuring equipment is used to measure the wear of products in test
and in use. Sales and delivery equipment, such as a vendingmachine or a refrigerated
display cabinet, could be used to get the product to the customer. Robots could be used
to disassemble products when they get to end-of-life. Other examples of equipment
used in the product lifecycle include mixers, NC lathes, label printers, 3D scanners,
Point of Sales systems, comparators, rollers, conveyors, crushers and shredders.

There are thousands of different machines and tools in the PLM environment.
There’s a very wide range of equipment and facilities. Many are so specialised that
unless you haveworked in a particular industry youmay not even have heard of them.
Unless you’ve worked with calendars, ellipsometers, fluffers, flying probe systems,
light curtains, machine guards, magnetic sweepers and sheeting systems you might
wonder what they are and what they do.

10.4.3 Relationship with PLM

Facilities and equipment aren’t islands isolated from the rest of the company. Facil-
ities and equipment are closely related with other PLM components. They’re also
influenced by other forces within the company, and outside the company. For exam-
ple, if a new machine is implemented, it may be necessary to hire a new operator, or
to train another operator about the new machine. Operator schedules may need to be
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changed. In addition to the operator, it may be necessary to hire or train a process
developer, hire or train maintenance staff, and hire or train for simulation. Product
developers may need to be trained about the new machine. The new machine may
lead to changes in some steps of processes, so the process descriptions will need to
be changed. Procedures may need to be rewritten. If the machine has a controller,
and software, it may be necessary to get the IT department involved. The machine
may need to be connected in a network. Documentation will have to be developed
to show how the machine should be used and supported. A new application may
be needed to create the control software. The new application may replace existing
applications, so thesewill need to be retired. The data in the existing applicationsmay
be archived, or may need to be migrated to the new application. The new application
may enable new working methods. These will need to be documented. New perfor-
mance indicators may be mentioned in the cost justification for the machine. New
measuring activities will be needed after implementation. Changes may be needed
to organisation structures to create a new team to work with the machine.

10.5 Industry 4.0 Facilities and Equipment Vision

The term “Industry 4.0” is now used in a very wide sense, embracing a smorgasbord
of technologies and buzzwords. It’s important for a company to understand Industry
4.0 and decide how it will fit in the company’s vision for the future, and how it will fit
with PLM. With the Industry 4.0 technologies structured as above, a company could
develop the following vision.

10.5.1 An Intelligent Factory

We’ll have an intelligent automated factory. Our machines will be smart. They’ll
be fitted with electronic devices such as sensors, processors and transmitters. With
these devices, the machines will do more than basic manufacturing functions. The
devices on themachineswillmeasure characteristics such asmovement, strain, stress,
pressure, temperature and vibration. They’ll see what’s been produced, and control
the quality. Then they’ll report performance. We’ll aggregate the reported data from
the machines to create high-value information. And use that to take decisions about
what to do next. As the factory will be intelligent, we’ll be able to reconfigure and
repurpose intelligent equipment to respond quickly to changes in customer demand.
We’ll enable mass customisation, knowing which customisation changes are needed
for each product coming down the line. Our robots will become autonomous. They’ll
work collaboratively with our people. The robots will help our people by doing the
heavy lifting and repetitive work. They’ll be able to self-optimise and take their own
decisions.
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10.5.2 A Connected Factory

We’ll have a connected, integrated factory. All the equipment, new and existing, will
be equipped with electronic devices and connected to a communications network.
Our shop floor data will flow freely through our communications network. We’ll
have vertical and horizontal integration. There’ll be vertical integration from shop
floor sensors up through Manufacturing Execution Systems (MES) to our corporate
Manufacturing Resource Planning system. Horizontally, our factory systems will be
connected and integrated to other systems in the company such as our Customer
Relationship Management (CRM) system. As appropriate, our factory systems will
connect through to customer and supplier systems.

10.5.3 A Digital Factory

We’ll have a digital factory. We’ll be digitalised. We’ll use digital technology to
run the manufacturing process. We’ll have a visible factory. Instead of looking at
big green metal machines in a dark factory and wondering what’s happening, we’ll
have a clear data picture of the factory. This will show what’s really going on. We’ll
have real-time visibility into the key parameters of process and product variance.
Digital Twins of physical objects will be built. They’ll include a digital model of the
product as well as the data collected by sensors on the product. They’ll be used to
help understand product performance throughout the product lifecycle.

10.5.4 An Augmented Reality Factory

We’ll have an Augmented Reality (AR) factory. Shop floor workers will have an
augmented view of the factory with computer-generated images overlaid on their
work environment. The augmented view will give them a better understanding of the
situation. And allow them to take better decisions. Assembly workers will be assisted
by work instructions projected on the parts they’re assembling. Wiring installers will
be able to fly through 3-dimensional Virtual Reality (VR) models to help them install
electrical wiring.

10.5.5 Big Data and Analytics

We’ll have a data-driven analytic factory. Data will be collected to monitor real-time
performance. Analysis of the data will improve activities and decision-making. For
example, the risk of machine breakdown will be reduced by scheduling preventive
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maintenance based on real-time data. Robots will learn new tasks while working on
the job. Machine settings for the next product will be simulated before the phys-
ical changeover, reducing setup time. We’ll analyse the Big Data from our smart,
connected equipment and from other sources. We’ll use the data for many activi-
ties, for example, to: monitor product quality; identify process bottle-necks; detect
defects; identify likely production problems and prevent them happening; foresee
machine and tool wear and tear; launch preventive equipment maintenance; improve
energy efficiency; minimise downtime; and reduce operating costs. Analytics will
detect potential failure points on the shop floor. They’ll see if any factory capacity is
available for increased production and revenues.

10.5.6 In-Charge Factory

We’ll have a take-charge factory. We’ll be able to predict what’s going to happen
before it happens. As a result, for example, we’ll be able to carry out preventivemain-
tenance rather thanwait for reactivemaintenance after a problemhas occurred.Equip-
ment will be simulated and optimised before use. Simulation is low-cost, fast and
effective.Mathematical modellingwill let us simulate performance before physically
installing equipment. That will make it easier to identify and correct errors before
they’re implemented. We’ll study the performance of equipment before it’s been
physically built or implemented. We’ll be able to see how everything works before
installing any equipment. Simulationwill use our 3D as-designed digital model of the
factory environment. Factory digitalisation will generate a three-dimensional image
and model of the as-installed factory environment. Later, these digital factory twins
will be used when we make changes and calculations at the factory.

10.5.7 Adaptable, Flexible Factory

We’ll have an adaptable, flexible factory. As customer demand changes, we’ll be
able to make changes nimbly and scalably in production.

10.5.8 Secure, Protected Factory

We’ll have a secure protected factory. We’ll define and document our security poli-
cies, and make sure everyone is aware of them. We’ll control access to the factory
with key cards and video surveillance. We’ll keep production running at all times
with an uninterruptible power supply. We’ll implement cybersecurity to protect our
systems against hackers, thieves, snoopers, industrial spies and other cyber attackers.
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10.5.9 Artificial Intelligence Augmented Factory

We’ll be moving towards an Artificial Intelligence (AI)-augmented factory. We’ll
use AI to help respond to changing situations with the correct decisions. Cognitive
applications will enhance our people’s natural abilities, skills and knowledge. Digital
Assistants will support shop-floor workers throughout the factory with trustworthy
recommendations.

10.5.10 Additive Manufacturing

We’ll make use of new manufacturing technologies, such as additive manufacturing,
on the shop floor. We’ll use Additive Manufacturing applications, also known as
3D printing, to rapidly produce an accurate prototype, or a part, from a Computer
Aided Design (CAD) model. This technology will be used to produce small batches
of customised products. We’ll also use it to make parts that are difficult to make with
traditional manufacturing techniques. With 3D printers we’ll also be able to quickly
customise and repair some of our products.
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Chapter 11
PLM and Organisational Change
Management

11.1 This Chapter

11.1.1 Objective

The objective of this chapter is to give a basic introduction to organisational change
and Organisational Change Management (OCM) as they relate to a company’s PLM
environment and PLM Initiative. This introduction will help those in a company’s
PLM Initiative to understand change-related topics and participate more fully in the
PLM Initiative. The chapter also aims to give students a basic understanding of the
role and activities of Organisational Change Management in the PLM environment.

11.1.2 Content

The first part of the chapter is an introduction to Organisational ChangeManagement
(OCM) in the PLM environment. It describes the purpose, role and importance of
OCM in a PLM Initiative. Definitions are given of frequently used terms in the
OCM environment. The need for OCM is introduced. Required characteristics of
organisational change, including KPIs, are outlined.

The second part of the chapter focuses on the people in the PLM environment.
Some try to bring about change, some are expected to change.

The third part of the chapter addresses OCM in the PLM environment of a rep-
resentative company. It describes typical issues that are encountered in many com-
panies. The interaction of OCM with the resources of PLM and with other company
initiatives is addressed.

The fourth part of the chapter describes frequent projects in the PLM Initiative
that are related to organisational change. Examples of change-related projects are
given.
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The fifth and final part of the Chapter builds on experience of working with
organisational change with many companies. It shares lessons learned from experi-
ence of OCM in PLM Initiatives. The potential pitfalls of OCM are described. Top
management’s role in the management of organisational change is addressed.

11.1.2.1 Skills

This chapter will give students, who’ve been assigned this book, a basic understand-
ing of Organisational Change Management in the PLM environment. They’ll learn
why it’s important. They’ll be able to explain, communicate and discuss about organ-
isational change,OCMand related activities in a PLM Initiative. And they’ll be aware
of some companies’ experience with OCM sub-projects in PLM Initiatives.

11.1.3 Relevance of OCM in PLM

A PLM Initiative usually results in many changes being proposed (Fig. 11.1).
The proposed changes will probably address all the components on the PLMGrid

(Fig. 11.2). The changes will affect the way people work. For example, an improved
New Product Development process will be executed bymany people. They’ll have to
understand and adapt to the changes. Similarly, a new product data structure will be
used by many people. They’ll have to learn about the changes and work differently.
New roles and responsibilities in the Engineering Change Management process will
impact many people, and will change the way they work.

However, it’s difficult for companies and people to change, whether it’s because
of PLM, or because of another reason. Many people don’t like to change. They have
quite legitimate fears and concerns about change. They prefer things to stay as they
are. However, if the changes don’t occur, the objectives of the PLM Initiative won’t
be met. In the absence of OCM, many PLM Initiatives fail because the expected
changes don’t take place.

To avoid failure, it’s important to identify and carry out activities to help change
take place. Getting people to change is a major issue. Achieving success requires the
application of “tools for change” such as learning, leadership, communication and
the right reward systems.

If you want your PLM Initiative to succeed, it’s not enough to propose changes.
You also have to make the changes happen. That’s where Organisational Change
Management (OCM) comes in.

processes to be improved new tasks to identify, define, improve product data to be structured differently
old tasks to modify people who will have to change product data to be used differently
new documents to be used cultural problems to address new roles to be introduced
new applications to bring in organisational structures to change new responsibilities to be introduced 

Fig. 11.1 Common changes in a PLM Initiative
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Fig. 11.2 The PLM Grid

11.2 Definitions and Introduction

11.2.1 Definitions

11.2.1.1 Organisation

From a PLM point of view, the organisation of a company describes the way it struc-
tures its resources to manage products across the product lifecycle. These resources
are shown on the PLM Grid.

11.2.1.2 Organisational Change

Organisational Change occurs when a company changes from one organisational
structure to another.
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11.2.1.3 Organisational Change Management

Organisational Change Management is a structured approach, involving several
Organisational Change activities, which accompanies and supports a company as
it proactively changes from its existing organisational structure to a clearly defined
future structure. The objective of OCM is to successfully achieve this change.

Typical Organisational Change activities include aligning expectations of change,
communicating about change, clarifyingnew jobdescriptions, developingnew recog-
nition and reward systems, planning, training, coaching and mentoring.

To avoid chaos and failure, the many change activities have to be planned and
managed.

11.2.1.4 Organisational Change Plan

The Organisational Change Plan is a plan of the required change activities and
projects. It defines in detail which activity will be carried out at what time, by whom,
and with what resources. It shows the links between activities.

Each Organisational Change Project, like any other project, needs a well-defined
objective, clearly defined deliverables, a project team, a project manager, a project
plan and project phases.

11.2.2 Benefits of OCM

Many changes are proposed in a typical PLM Initiative. However, it’s difficult for
companies and people to change. But if they don’t change, the objectives of the PLM
Initiative won’t be met.

Organisational ChangeManagement accompanies and supports the overall organ-
isational change. Its objectives are to make sure the change is successfully achieved
and the objectives of the PLM Initiative are met. OCM aims to bring benefits both
to the company (Fig. 11.3) and to the people in the company.

OCM aims to support the individual employees who will be impacted by the
targeted changes (Fig. 11.4). They will have to change from their current way of
working to the future targeted way of working.

motivates everyone to achieve the targeted objectives lowers the risks of change
plans involvement of the right people at the right time anticipates challenges
maintains organisational effectiveness and efficiency contains the costs of change
reduces the time needed to implement change enables development of best practices for change
reduces the possibility of unsuccessful change helps to align change resources

Fig. 11.3 OCM benefits for the company
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smooths the transition from the old to the new reduces stress 
increases employee acceptance of the change support for concerns regarding changes
ensures that stakeholders understand and support the change includes tasks for each person
improves cooperation, collaboration and communication emphasises positive opportunities 
personal loss/gain to individuals is acknowledged and addressed correct perception of the change

Fig. 11.4 OCM benefits for individuals

11.2.3 Incremental and Transformational Change

There are two approaches to change, incremental change and transformational
change. Incremental change (Fig. 11.5) is aimed at making many small-scale
improvements to current business processes. It focuses on small-scale improvements
because experience shows the likelihood of succeeding with a small-scale improve-
ment ismuch higher than that of succeedingwith a large-scale, strategic improvement
project. If everyonemakes small-scale improvements to the parts of the business they
know well, the end result should be a major improvement. It’s often the case that,
taken individually, local improvements of this type have no effect on the overall
business. However, many small improvements snowball and can result in a major
improvement in overall performance.

From the viewpoint of the company, the expected overall improvement result-
ing from this approach is incremental, small-scale, almost invisible and difficult to
measure. The incremental approach is rarely suitable for a PLM Initiative.

Transformational change (Fig. 11.6) involves radically rethinking and redesigning
a major business process with the objective of achieving large-scale improvements
in overall business performance. The product lifecycle is a prime target. The product
lifecycle runs acrossmany of the traditional business functions, and has a high degree
of customer and supplier involvement.

Transformational change (Fig. 11.7) fundamentally changes the way a company
works. It changes the way processes fit together, changes the way people work and
changes the way that IS applications fit together. This is what’s needed for PLM, but
it’s hard work.

The end result of a transformational change is very visible, so easy to measure. As
a result, a well-defined business case can be developed for PLM under this approach.

doesn’t challenge existing assumptions and culture uses existing processes is relatively low-risk
doesn’t modify the existing organisation causes little disruption has a predictable outcome
uses existing structures is slow may not produce enough change

Fig. 11.5 Characteristics of incremental change

changes existing structures changes the existing culture is relatively high-risk
changes the existing organisation focuses on major breakthroughs is fast

Fig. 11.6 Characteristics of transformational change



382 11 PLM and Organisational Change Management

organising activities so they meet the objective, and don’t just mimic the current tasks
treating geographically dispersed resources as though they were at one location 
melding parallel activities together instead of integrating their results 
putting the decision point where the work is carried out
building control and feedback into the process
getting those who use the output of a process to perform the process
including information-processing work in the information-producing work
capturing information once, at the source

Fig. 11.7 Basic principles of transformational change

11.2.4 Equation for Change

For mathematicians, the equation for change is easy to write:

(New state) = (Changematrix) × (Old state)

At first sight, it might seem that there’s just one old state (also known as the current
situation, or the as-is situation) and one new state (also known as the to-be situation,
or the vision).

However, there are also an infinite number of intermediate new states between
the old state and the new state (Fig. 11.8). For example, the state after one year and
the state after two years. Rather than just thinking about as-is and to-be states, it’s
important to think about the intermediate states, because in the real world, this is
where the change project will spend most of its time.

The intermediate states are continually changing. They’re a bit like shifting quick-
sands. They’re not pleasant places to be. Yet this is where people spend most of their
time in a change project. Understandably, most people don’t like it. They want to
know if there will be any solid rocks to walk on during the change. And where they
are? And just how far away is the solid ground on the other side?

The old and new states can be defined with reference to the components of the
PLM Grid. The change may affect the products delivered to customers, business
processes, people, product data, methods and PLM applications. A major change
project aimed at completely changing the focus of a company will address all these
components. Projects of more limited scope will only address some of them.

Fig. 11.8 Many
intermediate change states

Product data Product data
Working methods Working methods
Applications Applications

Current Situation Y(1) Y(2) Y(n) Vision

Surroundings Surroundings
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Customer Customer

Organisation - extended Organisation - extended
Business processes Business processes
Organisation - internal Organisation - internal
People People
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Fig. 11.9 Overlapping
change projects and changes
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11.2.4.1 Many Overlapping Changes and Change Projects

A typical OCM sub-project in a PLM Initiative will include many change projects
and many changes. Some may overlap, making them difficult to plan. In the example
(Fig. 11.9), the four change projects (CP1, CP2, CP3, CP4) overlap. Some of the
planned changes (e.g., B and D) require coordination between different projects.

11.2.5 Resistance to Change

There are many reasons (Fig. 11.10) why it’s difficult for companies and their people
to change. Some of these have their source in the company’s structure and way of
working, others in its culture.

11.2.5.1 Employee Issues

In a large company, it’s going to take a long time and a lot of effort to bring about
change. Top management may feel the need to change, make the right decisions, and
set the right targets. But unless the great mass of the company’s employees change,
then nothing’s going to happen.

Most people are going to have change thrust upon them. They will be “the targets
of change”, “the victims of change”, “the people to be changed”. However, most of
these people will be quite happy with the current state of things. They may complain
a lot about the current state, and about their managers and colleagues, but they do
accept the current state and live with it. They’re quite happy to do tomorrow what
they do today and did yesterday. They consider that normal. They don’t want to
change and step into the unknown. Someone, however, would like to change this
stable, generally accepted environment. Among themselves, the potential victims of
change will be talking about the changes (Fig. 11.11).

attached to the old way of doing things concerns about competence bloated with change fear of job cuts
feeling good about known routines waiting for the storm to pass fear of the unknown lack of trust
seeing no benefits from change not being informed not being involved fear of fads

Fig. 11.10 Reasons for resistance to change
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“why should I change?” 
“this company has made me do the same thing for the last 10 years and now it asks me to change because 
apparently that was the wrong thing to do. After 10 years of doing it one way, how can you expect me to 
change and do it another way?” 
“every few years there’s a great new idea from on high, and we’re all supposed to change. One year it was 
quality circles, another time it was Customer Focus, and of course, recently it was Lean and Innovation. After 
a few months, those programs always faded away, and everything went back to normal. Except the people 
who participated very visibly were usually in deep trouble because someone had to take the blame. Why 
should I put my head on the block for PLM? As they got it wrong before, who’s to say they’ve got it right now?” 

Fig. 11.11 Remarks of potential victims of change

Bringing about change in a company, in which many people may feel as if their
world is falling apart, and they’re doing all they can to hang on for dear life, isn’t
easy. It’s not easy to convince people to stop doing the things they’ve succeeded with
over the last 5, 10 or 20 years and instead work in a different way.

11.2.5.2 Management Issues

Managers may have similar issues with changes as other employees. In addition,
they can have their own specific management issues.

Major changes canonly happen if topmanagement takes the lead, yet topmanagers
may not be capable of taking the lead in a particular environment. They may have
performed excellently when things were going well and smoothly for the company,
but not have the skills to lead the company through a period of change.

It can be expensive to change. Downsizing the payroll, or taking people off activ-
ities that generate revenues in the short-term, can lead to quarterly results looking
sickly for quite a few quarters. That can wipe out management bonuses.

In a large company, it’s going to take a long time and a lot of effort to bring about
change. For a large company, it may take five years for the real results of the change
to come through. That’s a long time for a top management team to maintain focus
and involvement. It will be tempting for some of the teammembers to look for easier
ways to glory.

Change is difficult, time-consuming and costly. It offers huge benefits. As they
try to change, some managers may get caught in the trap between fear and greed.
They’d like to have the benefits of change, but they’re afraid of failure. So they try
for low-cost, high-value change, exhorting everyone to do their best. Everyone nods
their heads in agreement, and then goes away and does whatever they were doing
before. And change doesn’t happen.

11.2.5.3 General Issues

Many people in a company will understand why PLM is important. They’ll be able to
see where it can help, and what benefits it can bring. Unfortunately, there will also be
many peoplewhowon’t understand the need for PLM.Thosewhomay have difficulty
in understanding the need for PLM could include the CEO, top managers, product



11.2 Definitions and Introduction 385

o we’re focusing on customers these days, not products. Customer focus is our message 
o we’re focusing on being Lean and Innovative these days, not on products 
o PLM is another enterprise-wide mega-project. Everyone knows that kind of project doesn’t work 
o since the global financial crisis, we focus on cost-cutting, we don’t look for ways to spend money 
o the payback period is more than 12 months, so our CFO won’t be interested 
o get Engineering to do its job properly, and you won’t need PLM 
o get Marketing to define specifications properly, and you won’t need PLM 
o we don’t need it. We have ERP 
o we don’t need it. We just put a new product support organisation in place 
o we’ve done it. We have a product knowledge data base 
o we’ve done it. We already have a PDM application 
o we’ve done it. We already have a PLM application 
o talk about it with the CIO. It’s his responsibility, not mine 
o talk about it with the Engineering VP. It’s his responsibility, not mine 
o we don’t believe in Three Letter Acronyms (TLAs). No more acronym soup here 
o it’s early days for PLM. Come back in 5 years 
o we’ve had enough of enterprise applications. We’re trying to simplify before automating 
o PLM isn’t an application issue, it’s cultural. You can’t buy it. Shrink-wrapped or otherwise 
o I understand the need for PLM. But there’s no support from executives, so it doesn’t interest me 
o we don’t have the technical and management skills to implement PLM 
o why worry about technical details of our products? We’ll just change peoples’ perceptions of them 
o my boss is interested in PLM, but he doesn’t know how to justify its cost, so isn’t pursuing it 
o enterprise-wide PLM is difficult to implement and has a high failure rate. I don’t want that risk 
o we have one guy who manages all our technical computing. No way he can do PLM alone 
o NIH. We don’t want it. It wasn’t invented here, so isn’t worth having 

Fig. 11.12 Different reactions to PLM

development managers, product support managers, engineering managers, quality
managers, human resource managers and IS professionals. Figure 11.12 shows pos-
sible reactions to talk of PLM.

11.2.6 Prerequisites for Organisational Change

When companies are faced with a major product development project they’ll make
sure they’ve a well-defined objective, clear specifications, a project team, a project
manager, a project plan, project phases and test plans. The same approach has to be
taken for a PLM Initiative. If it’s expected to have a significant effect on the company,
a change project is needed. Change is an activity in its own right. It has to be defined,
planned and managed. For successful implementation of change, certain conditions
must be met (Fig. 11.13).

Major changes can only happen if topmanagement takes the lead.Massive change
in a company isn’t going to be brought about by one person half way down the
organisation chart. It’s not enough for one executive to want to change, the whole
top management team has to be on board. It only takes one person to drag their feet
and the momentum will start to drain away.

recognition at the top of the need for change a strong and widely agreed desire for change 
top management commitment to change widespread awareness of the reasons for change 
a single, unchanging theme for change a motivating vision of the future after change 
a plan for change activities plans to overcome resistance to change 
a change leader changes to the reward and recognition system 

Fig. 11.13 Conditions for successful change
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number of change goals achieved number of failed changes disruption time disruption cost value added 

Fig. 11.14 Some KPIs for change

11.2.7 KPIs for Organisational Change

A Key Performance Indicator (KPI) is a quantifiable attribute of an entity or activity
that helps describe its performance. It’s something that can be measured to help
manage and improve the activity. KPIs of change help a company to set targets for
its change activities and to measure the progress that it’s making (Fig. 11.14). For
each KPI there’s a current value and target values for the future.

11.2.8 The Importance of OCM in the PLM Environment

A PLM Initiative is a change initiative. It’s expected to improve performance. A
performance improvement is a change.

11.2.8.1 Special Features of OCM in a PLM Initiative

Without an OCM sub-project, the PLM Initiative is unlikely to achieve its objectives.
However, it’s often difficult to get the people in a PLM Initiative to understand and
accept this. There may be several reasons for this. Many people in the Initiative
will have technical backgrounds and be believers in hard facts. They may not be so
keen on “soft” issues like OCM. Many people in the Initiative will be IS specialists,
and assume that success will come from new applications, not from talking about
change. Other IS specialists in the Initiative won’t understand why “change gurus”
are interfering with testing and Key User activities.

It can also be difficult to find experienced OCM specialists who can work in the
PLM Initiative. PLM is a relatively new subject and there’s a shortage of “change
practitioners” with experience of PLM. And because the scope of PLM is very wide,
it can be difficult for “change practitioners” without experience of PLM to get their
arms round it.

11.2.8.2 Results of Ignoring OCM in a PLM Initiative

Many PLM Initiatives fail. Some sources cite failure rates as high as 50%. Failure
is rarely due to individual processes or applications. Usually it’s due to the way
that they’re implemented. It’s often assumed that, without any support, people will
switch overnight from the tools they’ve been using for years to something completely
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people will resist the changes the Initiative’s business objectives won’t be met 
new IS applications will be underused Initiative team members will be unhappy 
there’ll be confusion about what to do supporters of the Initiative will be punished 
top management will be unhappy Initiative team members will leave the company 
the Initiative Leader will be punished Initiative team members will be punished 

Fig. 11.15 Typical consequences of ignoring OCM in a PLM Initiative

new. In theory that may seem realistic, but in practice it doesn’t work, and the likely
consequences are clear (Fig. 11.15).

11.3 Participants in Change

In many companies, more than 20% of employees will be impacted by the changes
resulting from a PLM Initiative. A lot of people will be affected by the change.

11.3.1 Benefits of the Change to PLM

PLM impacts everyone whose job in some way relates to the company’s products
and their performance. PLM maximises value, reduces risk and provides an inte-
grated view of what’s happening with the company’s products at all times. With such
promise, it’s of interest to all. However, the benefits of PLM are seen differently by
different people.

At the highest level, the Chief Executive Officer (CEO) expects PLM to increase
revenues and earnings by bringing better products to market faster, and extending
the lives of mature products. CEOs look to PLM to provide visibility and control
over products, ensuring that there are no unwanted surprises. CEOs look to PLM
to maximise product value over the product lifecycle, to maximise the value of the
product portfolio, and to reduce risk.

With PLM, the Chief Financial Officer (CFO) can see the real financial figures for
a product across its lifecycle, so knows precisely how much it has cost and earned.
Costs can be reduced as activities that don’t add enough value become more visible.
Better estimates can be made for the real financial figures related to developing
and supporting each product in the future. With uncertainties reduced, more reliable
financial projections can be made.

PLM provides the Chief Information Officer (CIO) the opportunity to carry out
a wide range of necessary activities to clean up the company’s product-related pro-
cesses and data. These will solve many everyday problems that currently occupy the
time of IS professionals. This will lead to a reduction in IS costs and a redirection of
IS effort to activities that add more value. With PLM, the CIO can align IS applica-
tions to help bring competitive products to market faster and to support better their
use.
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PLM gives Product Managers an integrated view over their products and their
product development and support projects. The exact financial and technical status
of every part, product and project is known. With better information available, it’s
easier for them to take account of potential product and project risks. Product Man-
agers can make decisions based on reality. Unwanted product-related costs, resulting
from rework and scrap, warranty and liability claims, and returns and recalls will be
reduced, and then eliminated. The Product Manager can take control, both during
product development and at later stages in the product lifecycle. The Product Man-
ager can develop and implement strategies for faster development and introduction
of new products, and for better support of products across their lifecycles.

PLM helps Marketing Managers make better and faster responses to Requests
For Proposals, and reuse material from successful proposals. It helps them to price
proposals realistically and competitively. It helps get better feedback about product
use. With all the product data and customer specification information available, it
will be much easier for Marketing Managers to evaluate future opportunities.

PLM helps Manufacturing operate more effectively. Manufacturing personnel
can be involved increasingly in product development and support activities, advising
against difficult to manufacture designs, reducing scrap and rework.

PLM helps Engineering Managers develop new products faster, and increase the
success rate of new product introduction. It will help them reduce product costs
during the development phase, when most of the product costs are defined. It will
help them make sure existing designs are reused, or slightly modified, rather than
creating new designs from scratch. It will help them control engineering changes and
maintain exact product configurations.

PLM helps Product Support Managers develop and implement strategies to better
support each product that they’re required to maintain.

11.3.2 People Who Make Change Happen

11.3.2.1 Sponsors

Sponsors are the people at the top of the companywhoprovide the backing for change.
They provide resources and time for the change activity. Sponsors are usually senior
executives who are already fully stretched running the business. Often they don’t
know exactly what change is needed. But they do know that change is needed. And
they’re prepared to provide the resources and keep the focus on business objectives.
But they don’t have the time to develop a change plan and make it happen on a daily
basis.
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an ability to work with a wide range of people. The change team will probably include people from many 
functions and many levels. And people from many levels and functions of the company will need to be involved 
good communication skills. The change leader will need to be able to communicate effectively with top 
management, the change team, and people in all functions that participate in the product lifecycle 
a good understanding of why change is necessary 
sufficient resources (people, money, time) to make change happen. Many change leaders will fail because the 
necessary resources aren’t available 
able to take and tolerate risk. Almost by definition, change projects involve a lot of risk 
able to delegate. It’s not the role of change leaders to carry out all the changes, but to make sure the changes 
occur. It may be difficult for leaders, who have been hands-on, to find a balance between leadership and details 
able to listen to what other people are saying. Change won’t occur if the change leader only tells other people 
what to do. The change leader has to be able to stop talking and start listening 
good sales skills. The change leader will have to sell the need for analysis and change to some cynical, worried, 
inflexible and apathetic functional managers, and to sell the results of the analysis to a wide variety of people 
be an able and willing coach. Many people will have little idea of the entire scope of the change project. They’ll 
look to the change leader for guidance 
be a good builder of team effectiveness. The change leader must bring the right people together and get them to 
work together as an effective team 
be able to keep track of progress. Many things will be happening simultaneously in a change project. The 
change leader needs to have them all under control 
be interested in the company and in change. The change leader should be deeply interested in finding out how 
things work today, and how they could work better in the future 
have a good knowledge of the product development and support activities of the company. Practical experience 
of the way the company works will make the job much easier for the change leader 
be credible. The change leader needs a sufficiently wide range of experience, and an action-oriented and 
relatively unblemished reputation in the company 
be optimistic, able to inspire, and success-oriented. At times, a change project will seem never-ending and likely 
to fail. At such times, the change leader must find the will to keep moving forward, and to motivate the team 
able to behave in the project as if change has already occurred. If people see their change leaders haven’t 
changed their own behaviour, they aren’t going to believe that they can change anyone else’s behaviour 
be able to stay with the change project. The change leader should stay with the change project from beginning 
to end. Changing change leaders in mid-project is even more risky than changing horses in mid-stream 

Fig. 11.16 Typical characteristics of a good change leader

11.3.2.2 The OCM Team Leader

Once it’s been decided that the company is going to change, then a change leader
will be needed to manage all of the everyday change activities and ensure the project
remains on schedule. However, the change leader can’t carry out all these detailed
change activities. A Change Team will be needed. It will be part of the team carrying
out the PLM Initiative. It’s the Change team members who will be deeply involved
in detailed change activities. The role of the change leader is to lead the drive for
change. It’s not to get involved with the minor details of every change.

The change leader receives authority and responsibility to make changes happen
from top management. As the team’s activities are going to be cross-functional, and
involve working at many levels of the company, the Team leader should be selected
with care, taking account of the typical characteristics for a good change leader
(Fig. 11.16).

11.3.2.3 The OCM Team: Change Agents

The Change Team members are Change Agents. These are the people who really
make the changes happen.

The Change Team may include external resources with good Organisational
Change experience and skills. TheChangeTeammemberswhowork for the company
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also need to know the techniques of Organisational Change Management. Change
Team members should be knowledgeable about the company and its products. They
should be respected within their company. They should be assigned enough time
to participate in the project. They need to understand how products are managed
today, understand the future target, and understand the required changes. Other char-
acteristics include involvement, commitment, being supportive, hardworking, open-
minded, having the power to make changes happen and a good understanding of the
fact that nobody knows everything.

The detailed tasks that change agents will carry out will be different in different
companies and in change projects of different sizes. For example, they may develop
detailed project plans and oversee their implementation. They may look for ways to
identify and remove barriers to success. They may ensure on-going communication
about the change. They may work with the Finance organisation to identify the
bottom line impact of the change.

11.3.2.4 Champions

Champions are very visible and active supporters of change. Change Leaders and
Change agents may be champions. Sponsors are less frequently champions.

11.3.3 People in the Product Lifecycle

Many people from across the product lifecycle will be involved in the PLM Initiative.
Manywill be expected to change. Their willingness to be involved and to changemay
depend on parameters such as their hierarchical level or their functional speciality.
The following sections give an overview of how some of them may react to the
Initiative.

11.3.3.1 Functional Managers

Managers running a functional department, such as Marketing, Engineering or Man-
ufacturing, live in the real world, and are expected to produce instant results. As a
result, they may not show much interest in benefits of PLM that may appear in two
or three years’ time. By that time, perhaps, they’ll have moved on to another position
or company. They’re often so busy working at day-to-day problems, that they can’t
get involved in long-term issues. Their primary concern is to meet the short-term
targets set for them by the CEO.
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11.3.3.2 Marketing Managers

Marketingmanagers will react positively to PLM. They’ll find subjects of interest for
their future. PLM will provide them a new reason to identify more finely segmented
nichemarkets and imagine corresponding products.Marketing can claim to be listen-
ing to the voice of the customer and customising the product line. At the same time,
they’ll grumble about the time it takes engineers to develop the new products, and
the inability of the sales force to actually sell the products. PLM can help Marketing
Managers make sure better and faster responses are made to Requests For Proposals,
material from successful proposals is reused, and proposals are priced realistically
and competitively. It can help get better feedback about product use.

However, Marketing is already stretched by the CEO’s demands for faster, deeper
and wider market penetration. So it’s unlikely that Marketing managers will offer
resources to work on the PLM initiative.

11.3.3.3 Manufacturing Managers

Manufacturing managers will react positively to PLM. But they’ll claim they’ve
been set the objectives of reducing costs, improving productivity and maintaining
Six Sigma quality levels, and they can’t see how these targets can be achieved by
PLM. After all, they’ll say, PLM should be the responsibility of the design engineers
who create the products. In private, of course, theManufacturingmanagers will agree
that anything that gives some control over design engineers and product data must be
a good thing. PLM can help Manufacturing operate more effectively. Manufacturing
personnel can be involved increasingly upstream in product development activities,
advising against difficult to manufacture designs, reducing scrap and rework.

However, the Manufacturing organisation is already working flat out to meet the
CEO’s demands for increased product diversity yet higher production rates. As a
result, it’s unlikely that Manufacturing managers will offer resources to work on the
PLM initiative.

11.3.3.4 Engineering Managers

Engineering managers know only too well how difficult it is to develop new products
in response to constantly changing requirements. They’re used to constant changes
from Marketing and Manufacturing, and try to improve their responsiveness. Only
too often though, they find that in spite of all their efforts, they finish up with the
same results of late delivery and poor quality. They know that sometimes they aren’t
in complete control of the projects entrusted to them. But there are so many unfore-
seeable external influences. However, as they look around, they see the potential for
improving the situation. They see time wasted as drawings are manually transported
from one activity to another. They see time wasted as information waits to be signed-
off. They see their engineers going into far too much detail where it’s not needed,
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and not enough detail where it’s needed. They see an unnecessarily high number
of signatures holding progress back. They see Marketing personnel wasting their
time going far too deep into technical details. They see Manufacturing personnel
doing nothing as they wait for information. They see support engineers wasting time
trying to use technical manuals that are out-of-date. They’re aware of the scrap, the
personnel time that’s wasted, the possibilities of reducing the product development
and support cycles. They know that late market entry is going to cost the company
a lot of money. They understand as well as everyone else that the time to reduce
product costs is during the development phase, when most of the product costs are
defined. They understand that it’s much cheaper to reuse, or slightly modify, an exist-
ing design than to start a new design from scratch. Like everyone else, they know
that it’s important that engineering changes are controlled and that exact product
configurations are maintained. Unlike everyone else though, they’re responsible for
getting these things done, and in practice they know it’s not as easy as it looks. As a
result, most Engineering managers will welcome PLM.

However, all Engineering resources will be booked on high priority projects to get
new products to market quickly. And the Engineering budget will have been spent
on new applications. As a result, it’s unlikely that Engineering managers will offer
resources to work on the PLM initiative.

11.3.3.5 Product Support Managers

Product support managers are at the end of the Marketing-Design-Manufacturing-
Sales-Support chain in a company. They’re faced with many problems generated
earlier in the product lifecycle. For example, people in Field Service often have no
way of knowing what’s been configured in a particular product that they’re required
to service. Design engineers might send them an “as-designed” configuration, but
all sorts of things can have changed since that was produced. Design Engineering
may change components but not tell anyone. Some of the sub-assemblies may be
purchased, and have different components compared to the initial in-house design.
Manufacturing might also make changes. At the Assembly and Test stages, where
there’s always a lot of pressure to get the product out the door, additional changes
may be made but not get properly documented. Another example is that when the
Installation teams of, for example, machinery makers, go out to the installation
site, they often find that a lot of the parts are missing or don’t fit. Between the
Marketing, Engineering, Manufacturing and Logistics Departments of the numerous
organisations in the supply chain, theremay be all sorts ofmisunderstandings, and the
end result is that installation isn’t completed on time.Most product support managers
will welcome PLM, and will provide valuable input to the PLM Initiative.

However, everybody in the Service organisation is already working overtime to
provide essential support to customers. So it’s unlikely that Product Support Man-
agers will offer resources to work on the PLM initiative.
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11.3.3.6 PLM Managers

For most PLM Managers, the focus is to manage everyday operations successfully.
Often this isn’t as easy as it looks. In many cases, there will have been implementa-
tion problems in the past, and these are frequently carried forward rather than solved.
However, the budget for them has usually been spent in the past. These legacy prob-
lems can be particularly difficult to solve without a budget. They complicate both
the management of everyday PLM operations and the planning of future PLM oper-
ations.

Most PLM Managers would like to have more financial and human resources so
that they canmake faster progresswith their PLM implementations. However, they’re
often facedwith pressures to reduce costs and headcount. Business executives in their
companies often assume that, if the current implementation is running, it could run
just as well with slightly reduced resources.

Everybody in the PLM organisation is already working overtime to maintain
current levels of support. So it’s unlikely the PLM Manager will offer resources to
work on the PLM initiative.

11.3.3.7 Product Engineers

The product engineers hear a mixture of messages. Managers keep telling them
to be closer to customers, and develop more and better products and services faster.
Instinctively, they feel thatwould takemore time andmoney, but they’re told to reduce
costs, improve quality and reduce lead times. At the same time, they’re expected to
fill in all the forms, and to meet the product development target dates in the company
plan. As the individual requirements of the different requests are often different,
or even contradictory, product engineers have to walk a fine tightrope. They focus
on what they think is most important, and most likely to be used by management
to measure their performance. They look for ways to play down the other issues,
or to pass them on to others. Probably there will be one or two key products that
must be produced on-time and to specification. Most of the effort will go on these.
For other products, Marketing and customers will be blamed for not providing full
specifications, and for continually changing the specifications. Manufacturing will
be blamed for not being able to produce the products that have been defined. If all else
fails, the target of reducing lead times can be achieved by releasing unfinished work
to Manufacturing. Of course, this will come back later in the form of rework, but
since no-one will have set a target for reduction of engineering changes, hopefully
this will go unnoticed bymanagement. Sometimes,Manufacturing will also be under
pressure, and won’t have time to fix the problems. Then the customers will complain
about the problems. That will mean more work for the support engineers. Of course,
they’ll complain loudly, but actually they’ll be happy to be paid overtime for the
extra work.

Product Engineers,with all sorts of daily problems toworry about,may not be very
interested in whether or not PLM is introduced. They may understand the benefits it
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a management consultant told him he should focus on processes rather than information management 
a system integrator offered to develop the interfaces to get all the applications working together 
a product development expert suggested that engineers should be taught to develop better product specifications 
a business process consultant told him that he should define the product lifecycle processes in detail  
a professional trainer told him the future is ERP, and proposed training on use of an ERP application 
a strategy consultant told him that he should start by identifying the required management skills 
a professor proposed a project to development rules that engineers should follow 
a consultant told him that the first thing to do was to cleanse the product data 
a human resources expert suggested role-playing games to prepare his people for the PLM environment 
a management consultant told him he should focus on information management rather than processes 

Service Provider Proposal

Fig. 11.17 Proposals from service providers

can bring, but doubt that it will ever work as proposed, help them in their daily work,
or be implemented before they retire. They may prefer not to get involved with an
Initiative that may fail and give participants a bad name. And overloaded with daily
problems, it’s unlikely that they’ll have time to work on the PLM Initiative.

11.3.3.8 Service Providers

In addition to the company’s employees, people fromcustomers and suppliers are also
potential participants in the PLM Initiative. A customer told me about the proposals
he’d received from service providers wanting to help him (Fig. 11.17).

11.3.3.9 Accepters, Blockers, Sleepers

Change Leaders, sponsors, agents and champions all try to make change happen.
There are never many of them in an organisation. The number of people who are
really going to make change happen is rarely more than a few percent of the people
in the organisation. Change happens to the great majority of the organisation. Some
of them, the accepters, will accept change and do their best to make it succeed. Some,
the blockers, will try to prevent change. Others, the sleepers, will neither support nor
prevent change.

11.3.4 Roles

Roles have to be defined clearly both for the change project and for the environment
after the change has occurred.
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understand new ways of working prepare the community for change report experience to the Project Team 
understand new roles on-board members of the community refer issues to the Process Owner 
test the new approach identify trainees in their community provide on-going support in their function 
train people in the community share best practices in the community drive roll-out of the new approach  
collect improvement suggestions work according to the new approach share feedback with the Project Team 
be the single point of contact collect feedback from their community propose participants for recognition 

Fig. 11.18 Responsibilities of the Functional Power User

11.3.4.1 Role in Change

Some roles may exist both during the change and after the change has occurred.
An example is the Functional Power User Role for a new approach to New Product
Development (NPD). This role has a wide range of responsibilities (Fig. 11.18).

Ideally, thePowerUser for a particular functionwill be someone from that function
who has recently been actively involved in the existing approach to New Product
Development, and is expected to continue to be involved in future NPD projects.

Attributes for this role include: good knowledge of the roles of their functional
community; cross-functional experience andunderstanding; extrovertwith the ability
to influence andmotivate peers and superiors; good projectmanagement skills; a can-
do attitude; eager to lead change and drive the improved way of working.

11.3.4.2 Roles of Lifecycle Participants

The roles of participants across the product lifecycle need to be clearly defined,
documented and communicated. Documenting them shows exactly what is required,
and reduces the possibility formisunderstanding.An example is given for the Product
Development Engineer role.

The Product Development Engineer (PDE) will be responsible for the technical
support of products and solutions which are already on the market.

The PDE will lead, or participate in, trouble-shooting activities to improve or
modify products, in collaboration with a multidisciplinary team including people
from marketing, service, manufacturing engineering, test, quality, purchasing and
disposal.

The PDE will think about products across their lifecycles, taking account of how
they fit in their product family and how they will be manufactured, disassembled
and recycled. The PDE will know what platforms and parts exist, and how to reuse
existing parts in improved products.

ThePDEwill understand the complete product lifecycle, and they’ll know the roles
and responsibilities in the business processes. They’ll be familiar with the company’s
product development and support methodologies, as well as development guidelines
and procedures. They’ll understand their role in the business processes across the
product lifecycle, and the related tasks and product data.

The PDE will know where the product data that they use comes from. They’ll
know who uses the product data they produce. They’ll know why it’s needed, and
how it has to be prepared, structured and stored.
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The PDE will work with the company’s CAD/CAE, ALM, test and PDM appli-
cations according to the company’s guidelines.

The PDE will need soft skills, such as the ability to work in a team, and the ability
to communicate well with colleagues. They’ll need to be able to work with people
who come from other functional, cultural and national backgrounds. They’ll need
to be adaptable and a fast learner, open to new ways of working, new ideas and
new challenges. If the PDE sees weaknesses and potential improvements, they’re
expected to communicate them to the appropriate people.

11.4 Reality in a Typical Company

11.4.1 Generic Issues with Change

In a typical company, there will usually be many issues with Organisational Change
in the PLM environment (Fig. 11.19).

There will usually also be many issues with the change activities that make up
the OCM sub-project of the PLM Initiative (Fig. 11.20).

11.4.2 OCM Interaction with Company Resources
and Initiatives

The OCM sub-project of the PLM Initiative isn’t an island isolated from the rest of
the Initiative and the rest of the company. Every Organisational Change proposed
in the Initiative will be related to at least one of the components of the PLM Grid
(Fig. 11.2). In addition to the PLM Initiative, most companies will also have several
other initiatives running. Company Initiatives address many different subjects, but
their objective is always to improve performance, in other words, to change. These

the required change isn’t clearly defined the required change isn’t clearly communicated 
the required change isn’t clearly documented ownership of the change isn’t clear 
the reason for the required change isn’t clear multiple versions of the same change 
the objective of the required change isn’t clear no "change process for managing change" 

Fig. 11.19 Generic issues with Organisational Change

not enough training key people leave at short notice too much detail, or not enough detail 
not enough time to communicate no process for OCM people don’t understand the language 
no process for OCM change activities that don’t add value  people don’t understand the tools 
lack of visibility on the activities  unclear responsibilities inappropriate training 
slow performance reporting no agreement about change activities training is given at the wrong time 
targets of change unclear change of project scope unknown status of project progress 

Fig. 11.20 Generic issues with Organisational Change activities
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Initiatives may also have OCM sub-projects, and there may be overlap with the OCM
sub-project of the PLM Initiative. To avoid problems, it’s important to identify the
other company initiatives and find out if and how they may interact with the PLM
Initiative. And then work out how to harmonise change activities.

11.5 OCM Activities in the PLM Initiative

A PLM Initiative takes a company from its current PLM situation to a desired future
PLM situation. We’ve never seen a PLM Initiative that wouldn’t benefit from OCM.

11.5.1 Projects Related to OCM

In most PLM Initiatives, there are many activities addressing change (Fig. 11.21)
Depending on the Initiative, some of these may run independently. Some may run in
parallel, or overlap. Many will be linked to other projects in the PLM Initiative.

It’s likely thatmanyof the people in thePLMInitiativewill know little aboutOCM.
Coming from different backgrounds they may have very different understandings of
OCM. So it’s helpful to develop a glossary that gives short definitions of the various
terms and techniques used in OCM. This should lead to a common understanding of
the subjects to be addressed.

Similarly, some of the people in the OCM Team may know little about OCM.
Many of the team members may never have participated in change activities. It may
be difficult for them to know how best to plan their activities and go about their work.
As a result, some training about organisational change and Organisational Change
Management will be useful.

11.5.2 Plan the Change Project

To launch anOCMproject,we take a ten-step approach (Fig. 11.22).We’ve developed
it based on experience gained in projects calling for extensiveOrganisational Change.

prepare training for the new situation align expectations of change create the training plan 
provide training for the new situation plan tests for new processes recognise achievements 
support individuals in new situations clarify new responsibilities plan roll-out activities 
provide awareness training about OCM clarify new job descriptions create roll-out strategy 
clarify the OCM approach and steps develop new reward systems plan OCM activities 
develop new means of recognition communicate about changes prepare new roles 
plan tests for new applications help restructuring activities mentor 
create the communication plan develop an OCM Glossary coach 

Fig. 11.21 Examples of activities related to Organisational Change
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1 Identify the Sponsor. Ensure top management involvement and support  
2 Select the OCM Team leader 
3 Understand the targeted situation. Clarify the objectives. Ensure objectives are realistic 
4 Understand the current situation 
5 Understand and document the required changes. Clarify their targets, achievement 

criteria, affected people 
6 Create the OCM Team. Position it in the PLM environment. Define OCM Team roles and 

responsibilities 
7 Identify likely tasks related to expected change activities such as training, coaching, 

mentoring, communication, changing reward systems, planning roll-out, testing, 
monitoring performance and benefit achievement, reporting, .... 

8 Identify tasks to reinforce change and to ensure on-going change 
9 Identify easy-to-achieve short-term wins  
10 Create an initial draft high-level OCM Plan  

Fig. 11.22 Ten step approach to the OCM plan

Fig. 11.23 Characteristics
of a change

scope motivator reason benefits value 
definition need size owner target 

Fig. 11.24 Characteristics
of a change activity

methodology approach strategy KPIs 
sequence roles responsibilities leader 

In Step 5, it’s important to clarify the characteristics of the required changes
(Fig. 11.23). If we can’t clarify a change, we question whether it’s really needed.

In Step 6, the OCM Team that is created needs to have the right people, with
the right mix of skills and levels. It needs to be correctly positioned in the PLM
environment. There could also be a Steering Committee, stakeholders, a sponsor, the
PLM Core Team, extended teams and SMEs.

In Step 7, it’s important to clarify the characteristics of the expected change
activities (Fig. 11.24). Again, if the characteristics of a proposed change activity
aren’t clear, we question whether it’s really needed.

There will usually be some changes needed to the initial high-level OCM Plan,
but that’s why it’s a draft. It’s there as s starting point that will be detailed as everyone
finds out more about the project. And it will continue as a rolling plan.

11.5.2.1 Success Factors for OCM

OCM projects are likely to be challenging. They’re likely to upset some people. It’s
useful to know some success factors for OCM projects (Fig. 11.25).

11.5.3 Communication

Communication is important to overcome the fears and concerns aroused by change.
Peoplewonderwhat effect the changewill have on them.Will they still have a job after
the change? Will they maintain their rank? Will they have an interesting role? What
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clarify the need for change and the expected changes target some short-term wins 
recognise the need for a professionally run OCM project reward success, celebrate achievements 
select and support change leaders maintain the focus on change and on people 
create and maintain a need for urgency sustain achieved changes, continuously improve 
develop and communicate a Change Vision provide training  
develop strategies and plans to achieve the vision keep track of successes 
remove obstacles to change, allow risk-taking and new ideas design changes carefully 
define as-is, intermediate and to-be states get stakeholders on board 

Fig. 11.25 Success factors for successful Organisational Change

the present state the intermediate states the future state the change activities 

Fig. 11.26 Four key subjects of communication

will their future be? Because these questions will always be asked, and uncertainty in
a working environment reduces productivity, it’s important to communicate what’s
changing and why.

Communication is an on-going process. It’s clearly necessary to communicate
to people at the beginning of a change project. It’s important to answer their initial
fears and concerns. It’s also necessary to communicate throughout the intermediate
states of the change process. As the change process advances, two things happen.
People will have new questions to be answered, and new ideas and understandings
of the intermediate and final states will be developed. In response, people have to be
kept up-to-date with actual and future states. And answers have to be given to their
questions.

There are four key subjects of communication (Fig. 11.26). People need to be
informed of the reasons why the organisation has to move away from the current
as-is state, and of the dangers of staying there. They need to understand the pressures
that make it necessary to change. It has to be explained to them that the current state
used to make sense, but because the environment in which the organisation exists is
changing, the organisation must also change. It has to be explained what will happen
if the organisation doesn’t change. And what this will mean for them as individuals.

It’s also important to communicate the future state, the PLM Vision. What will it
look like? Why will it look like this? What are the advantages of being in this state?
Which parts of it are clear? Which are still hazy? What will this future state imply
for the roles of people in the company?

The intermediate states of the organisation are unsettling for everybody. In these
states, it’s no longer possible to cling to the familiar past. And the hoped-for future
state feels as if it’s never going to be reached. Communication about the intermediate
state gives people the confidence that though they may appear to be in a state that’s
completely out of control, this state has been recognised in the planning process.
They’ll see it was foreseen as a necessary step on the path to the future state, and
that before long it will be over, and the organisation will have moved into the future
state. The communication needs to show them how the future state will be reached,
and what things will look like along the way.
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The activities of the change process have to be communicated. Inform people
about the reasons for change and the benefits of change. Tell people what’s going
to happen, when it will happen, and why. Tell them who will be involved. Get them
to understand that the process has been clearly thought-out, is well-led and well-
planned, and is under control. Show how the process will help people to participate
in the change and how it will help them to change. It’s important to communicate
these messages. Otherwise nobody will know what’s happening. Nothing is obvious,
and telepathy doesn’t exist.

Communication can be carried out in a variety of ways such as a Newsletter, e-
mail, blog, twittering, video, person-to-person, or in small groups. Person-to-person
communication takes a lot of time and doesn’t provide the synergistic benefits of
presenting the message to a group of people. A Newsletter can be a good communi-
cation tool but there’s always the danger that some people, overloaded with everyday
work, will be “too busy” to read it. Videos tend to over-formalise communication,
and don’t provide a direct way for people to ask questions. E-mail suffers from being
a generally inaccurate communication medium that’s easy to ignore and delete.

The best method of communication is for each manager to communicate a well-
prepared change message and accompanying support material to their direct reports.
This process should start at the top of the organisation and be followed at each level.
As a result, most people will first hear the changemessage from their boss and be able
to ask questions. And then they’ll be forced to understand the message well enough
so they can communicate it to their team members, and answer their questions. In
this way, a single message and accompanying support material can be communicated
throughout the organisation.

Most people in the organisation will have a lot of questions about the change
process. For any one of a variety of reasons, they may not like to ask these questions
directly to their boss or colleagues. It’s always best to include some mechanism in
the communication process by which people can ask questions anonymously, or off
the record. And finally, don’t forget to put a feedback process in place to make sure
that the communication process is meeting its objectives.

11.5.3.1 Communicating a Simple High-Level PLM Message

Whatever the details of the PLMInitiative, it’s always good to be able to communicate
a simple high-level message. One company we worked with called its initiative
CHAIFA (Commonise, Harmonise, Align, Integrate, Fill, Add). This communicated
the six main elements of the strategy and their relative priority. Achieving a common
approach across the company, wherever possible, had the highest priority. CHAIFA
was the concise high-level message. At lower levels there was a mass of detail about
projects addressingmany PLMcomponents at many sites. Another company focused
on four main elements in its message (Fig. 11.27).

Activities addressing the focus on value included partnering with risk-sharing
assembly providers, and outsourcing or off-shoring of low-value activities. Unifica-
tion activities included integrating independent national company organisations, and
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Value Harmonisation Unification Alignment 

Fig. 11.27 Four key deployment elements

integrating unconnected applications. An example of harmonisation was to imple-
ment the sameversionof aCADapplicationon all sites.Alignment included adjusting
workflows in an application so that they were in line with the steps defined in the
corresponding business process.

11.5.3.2 Communicating the PLM Vision

People in the company need to know the PLM target towards which everyone should
work. This target is usually expressed in the PLM Vision, a high-level conceptual
description of a company’s product lifecycle activities at some future time, usually
five years in the future.

A PLM Vision represents the best possible forecast of the desired future situa-
tion and activities. It outlines the framework and major characteristics of the future
activities. It communicates the fundamental “what’s, why’s and where’s” of PLM. It
provides a Big Picture to guide people in the choices they have to make, when strate-
gising andplanning, about resources, priorities, capabilities, budgets, and the scope of
activities. There’s a saying, “a ship without a destination doesn’t make good speed”.
Without a PLM Vision, people won’t know what they should be working towards,
so won’t work effectively.

A PLM Vision for the company will enable all PLM participants and decision
makers to have a clear, shared understanding of the objectives, scope and compo-
nents of PLM. A PLM Vision is a focal point for everybody in the company that
says: “this is where we’re going”. The Vision is a useful basis for communication
about PLM between all those involved with PLM, such as executives, IS managers,
Product Managers, product developers, service staff, recycling managers and other
stakeholders. It allows everybody to “work from the same book” and “sing from the
same page”.

Communicating the Vision gives many people an overview of what PLM is, and
what it will be, why it’s important, and how it will be achieved. The Vision has to
be communicated to everybody likely to be involved in the future product lifecycle
activities or impacted by them.

11.5.4 Learning and Training

Learning is important because, at the beginning of the change process, people don’t
know anything about the targeted to-be state, or how they’re going to work in it. So
they need to learn. They may have done a good job in the past, but that job is going
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to change in the future and, without learning, how will they be able to do their new
job?

Companies have to change if they want to survive in a changing competitive
environment. When a company decides to change, the people who make up the
company also have to change. People have to learn about the way the company
wants to work and how they’re expected to work. They have to learn the skills,
behaviour, culture and tools that will enable them to work in the expected way. Many
companies have understood the importance of learning as a foundation stone for
building change, and there are many related terms such as the learning organisation,
the learning factory and continuous learning.

The content of the learning depends to a certain extent on the needs of individual
job functions. There are things that design engineers and recycling operatives need
to learn about that will be of no use to, for example, top managers. Similarly, there
are things that project managers need to learn about that aren’t needed by design
engineers.

One part of learning can be considered as education or theory, and the other part as
training or practice. Everybody needs to get a common overview of the changes. This
overview is educational. It’s usually provided in the formof a seminar or presentation.
It may be possible to customise the seminar to particular groups of people so that
it addresses some of the specific issues they’ll be faced with. But usually it’s not
possible, in a general seminar, to get down to the level of the individual. That has to
be addressed in small groups, or in one-to-one training.

It’s often difficult to decide exactly when learning should take place. There’s
usually a tendency for it to occur too early. This is simply because if it’s left too
late, people won’t be able to do their jobs effectively. However, it’s just as dangerous
for learning to take place too early, as it is for it to take place too late. Educational
overviews that are given too early can be forgotten before their content becomes
relevant. Training is ineffective if it can’t be put into practice. And, when training
takes place too early, people often get trained in the wrong order. It’s always best to
train people after their supervisor or manager has been trained and, if possible, get
them trained by their supervisor or manager.

One of the first tasks in putting together the learning programme is to work out
who will follow the programme and what kinds of grouping can be established. In a
big company, the change programme may affect thousands of people, so there’ll be
lots of possible ways to group people. Probably there’ll be a top management group.
And then groups built on a departmental, functional, product, project or geographical
basis. At the next level down from top management, there may again be a top-level
group, then a group of project managers, then groups of engineers. The choice of
grouping should reflect the structure of the future organisation. This will help people
to see how the new structure is going to work.

The first steps towards implementing PLM are to understand what it’s about, its
objectives, its scope, and the steps towards successful PLM.

It’s best to get some outside help with the preparation of education and training.
There’s a real danger that if people who lived in the old environment prepare the
program they won’t be able to shake off all their old habits and culture. As a result,
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the traineeswill see the samepeople, and hear the sameoldmessages coming through.
They’ll think “Oh no, not this again. These guys aren’t serious about wanting change
if this is how they’re doing it. They can’t even change themselves.” A new broom
sweeps clean. An old broom leaves behind the same dirt and fluff.

It may seem that everyone in the organisation will want to learn as quickly as
possible about the new environment and their new role. But human nature isn’t like
that. Many people will have a different attitude. Why should I make an effort to
learn something new? This is a lousy presentation. If these guys can’t come up with
something better, I guess it means that it’s not important.

To avoid this kind of negative response, the learning activity must be organised as
an important project in itself. There should be a training plan for the whole learning
activity. It should outline what needs to be done, and when it should be done. Find
out what people know, and what they need to know. Work out what they need to
learn. Make sure the components of the plan fit together properly. Make sure that,
as individuals go through the learning programme, they are building on previous
learning. And don’t forget to include feedback sessions in the plan to make sure that
learning really is occurring.

The initial understanding and awareness of PLM shouldn’t be restricted to the
Team, but spread as widely as possible. Management should be kept up-to-date, as
should potential PLMusers. Themore that management knows about PLM, themore
supportive it will be of the Team. The more that the users know about Team progress,
the more supportive they’ll be, and the less likely they’ll be to start independent
competing activities and overlapping projects.

11.5.4.1 Coaching and Mentoring

Mentoring, typically of executives and middle managers, supports and encourages
their development in the PLM domain. Coaching, typically of individual PLM Ini-
tiative team members, helps them to develop specific skills and knowledge in areas
such as analysis, planning and strategy development.

11.5.5 The Reward System

Communication and learning are important. But the problem is that, even if the
change message is well-communicated and well-received, and people are given the
opportunity to learn so they can behave differently in the new environment, it doesn’t
follow that anyone is going to change their behaviour. First, they’ll look to see on
what basis the congratulations and the complaints are going to be distributed. If they
see that the rewards and punishments are going to be handed out the way they always
were, then they’re going to behave the way they always did. They’re not going to
change.
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Communication and learning systems can seem theoretical. Of course it may cost
something to produce a communication package, and to put the learning system
in place, but these activities don’t actually hurt anyone. It’s only when the change
process begins to change the reward system, that people are going to be in danger of
getting hurt, and everyone will be able to see if management is really serious about
implementing change.

Why’s this question of the reward system so important? Because people onlywork
for the reward. For some people the reward may be mainly financial, but for others
it will be a question of good company, good coffee, status, brain stimulation, good
resorts and restaurants, and free tickets for Buckeye games.

Before the change, people were enjoying their rewards and having a good life
because they were rewarded for working the way they were expected to work in
the past. Now they’re asked to work differently and to behave differently. So they’ll
have to be rewarded differently. First, they’ll need to be rewarded for changing, and
then they’ll have to be rewarded for working the way they’re expected to work in the
future. They’ll be rewarded twice for changing. Once for getting the right skills and
once for behaving the right way.

They may be asking themselves many questions. “If I’ve got to work to get new
skills, what’s in it for me? How’s it going to work in the future if I’m doing a great
job in a team, but the other team members aren’t? Why should I lose out because the
others aren’t performing? And my future? How am I going to move up the tree if
there are fewer branches? Just what sort of reward will I get in the future? Is it worth
the effort to change?”

Before plunging ahead with a change project, questions need to be asked, and
answered, about the current and future reward systems. First, concerning the current
system. What are the current rewards? What’s currently rewarded? How are the
rewards given? And then about the future system. What should be rewarded? What
are the rewards going to be? What’s the scoring system going to be? Who’s going
to be doing the scoring? How will rewards be given? Who’s going to be rewarded?
Who will do the rewarding? Everyone needs to be informed of the answers to these
questions up-front.

It should be made clear to the people who do the rewarding that if they don’t
give a reward that’s due, they’ll be in deep trouble. They’ll be giving the impression
that the company isn’t serious about change. And once people start thinking that the
company isn’t serious about change, and begin to doubt the rewarder’s integrity, then
no-one’s going to change their behaviour.

The late Judge Tuttle said, “the professional man’s only asset is himself. If he
does not contain the quality of integrity he is worthless. If he does he is priceless.”
Good change sponsors must have the quality of integrity, and are priceless.
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11.6 Learning from Experience

Organisational Change should be addressed in all PLM Initiatives. From experience
with many companies, lessons can be learned about the best, and worst, ways to
proceed.

11.6.1 Tips from the Trenches

11.6.1.1 Getting Started

My first consulting activity related to training was with a major computer manufac-
turer. They were known for the many weeks of training they gave their employees
each year. Fortunately, for my first experience of training development, I was just a
Subject Matter Expert, and my colleague was a very experienced trainer. Before we
made the proposal, he asked me how many man-days we would need to propose for
the development of one day of training. I replied four. He told me it was fifteen. He
said he was a professional trainer and his reputation was on the line. He had to run
a training programme that would help people acquire new skills. At the end, they
would be tested to see if they had acquired the skills. If they hadn’t, we would have
failed. And his reputation would suffer. It turned out he was right about the fifteen
days. We produced a great training session, and were asked to come back.

11.6.1.2 Repeat Performance

Something similar happenedwith a company in the transportation sector. TheHuman
Resources person asked me how many man-days I would need to develop one day
of training about a new process. I dutifully replied fifteen. I was asked to develop
a training programme. Based on my previous experience, I knew what was needed.
The HR person liked the programme and it was used to train everyone involved in
the process.

11.6.1.3 Luxury Goods Manufacturer

We often find that people in a PLM Initiative don’t know what’s needed for training.
Usually we get asked to participate near the beginning of a PLM Initiative, so we
were surprised when a luxury goods manufacturer asked for help several years into
their Initiative. They were nearing the end of the Initiative, and their consultants had
delivered the final training session. The problem was that the company’s managers
and users claimed to have understood nothing. The company wouldn’t show us the
training material that the consultant had used, so we had to start from scratch. We
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developed the training session and ran a dry run. Everybody was happy, so we went
on and trained everybody. As usual, people spilled the beans, and we found out that
the consultants’ “training programme” was a set of high-level marketing slides about
PLM unrelated to everyday work.

11.6.1.4 Consumer Goods Manufacturer

The story was similar in the PLM Initiative of a consumer goods maker. The main
difference was that the service provider’s idea of PLM training was to put people in
front of the software for a day and tell them, click here, click there.

11.6.1.5 You Can Take a Horse to Water

In one assignment, we assisted a machine manufacturer with a PLM Initiative that
included harmonisation of business processes and implementation of a PDM system.
The Initiative ran for a couple of years. The VP asked us how much training we
thought was necessary. We replied that one and two days would be good, and that
about fifteen man-days were needed to develop one day of training. He said that
was much too much, as everyone was overloaded finishing off projects to get new
products to market before the end of the year. Instead, he said we’d limit it to two
hours, and he’d show them the slides he’d used to introduce the project at the Board
Meeting. When he gave “the training”, the users said they didn’t understand how
they were supposed to work in PLM.

11.6.2 Be Realistic

11.6.2.1 Are We Able to Change?

Before embarking on PLM, companies should look back over their recent history to
understand to what extent they’ve been able to change in the past. Is there any reason
to believe their future behaviour will differ from past behaviour? If everyone behaved
the sameway in the next twelvemonths as they had over the last twelvemonths,would
PLMsucceed?Has topmanagement been heavily involved in changing the operations
of the business? Have middle managers demonstrated that they can change?

There are several steps for managers who want to bring about organisational
change and achieve successful PLM (Fig. 11.28).

Before going into battle at Agincourt, Shakespeare’s Henry V says, “All things
are ready, if our minds be so.” Are managers sure that the minds of all are ready for
the changed environment?
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know the targeted outcome of change understand that change is a major activity in its own right 
understand the need for change find out how to carry out the changes 
accept the need for change carry out change activities 
understand the need to change oneself then implement new application and methods 

Fig. 11.28 Steps towards successful change

not knowing the expected target organisation  not having a structured approach 
being unaware of OCM  not dealing proactively with resistance to change 
starting OCM too late targeting dollars instead of people 
poorly defined change objectives, strategy and plan not involving employees 
poor communication over-reliance on systems and structure 
insufficient support of change agents lack of change skills and resources 
lack of a compelling and urgent case for change assuming change is complete when first goals are met 

Fig. 11.29 Pitfalls of Organisational Change

11.6.2.2 Am I Willing to Change?

There’s almost a physical barrier to overcome before many people can understand
that change won’t happen unaided. Gandhi gave good advice, “Be the change you
want to see in the world”. Yet many people, although they may understand the need
for change, don’t seem able to respond. Often perhaps, they don’t really accept that
change for the organisation implies that they personally have to change. It’s easy to
say that everyone must change, but are you going to change?

11.6.3 Pitfalls of Organisational Change

Organisational Changes occur in nearly all PLM Initiatives. From experience of
working with many companies, lessons have been learned. Many potential pitfalls
(Fig. 11.29) have been seen. It’s good to be aware of them. That will help avoid them.

Approaching, and carrying out, a PLM Initiative without taking account of OCM
will lead to the type of results shown in Fig. 11.30.

11.6.4 Top Management Role with OCM

11.6.4.1 Objectives

PLM is a top management issue. Top managers define the objectives of prod-
uct performance, and the way the related resources are managed. They define the
PLM-related business objectives. They should define the objective of Organisational
Change.



408 11 PLM and Organisational Change Management

 snosaeR dna selpmaxE tluseR

automated bureaucracy  to avoid disputes with their users, maintain all the existing forms. Add a few 
more forms to enable new activities  

perpetuation of duplicate work to avoid upsetting existing work patterns, continue to enter the same data 
many times 

increased costs maintain the cost of legacy applications. Add licence and maintenance costs of 
new applications. Add customisation costs, and costs of new interfaces 

increase in activities that add 
no value 

just to be sure, maintain unnecessary notification by e-mail, to too many 
people, of events of little relevance  

departmental boundaries 
strengthened 

to avoid conflict with department managers, focus on activities specific to a 
department; don’t address inter-departmental collaborative activities 

temporary solutions set in 
stone

automate the quick fixes from the past (instead of fixing the underlying 
problems) 

anarchy maintained allow everyone to work as they like (don’t ask anyone to follow the rules)  
chaos maintained enable innovation by allowing prima donna design engineers to behave as they 

like (don’t implement an innovation process)  
PLM implemented in just one 
department 

to avoid rocking the boat, restrict the scope of PLM 

Fig. 11.30 Results of ignoring Organisation Change in a PLM Initiative

11.6.4.2 Resources and Skills

Top management is responsible for providing the appropriate resources for the OCM
activity.Management needs to put in place the right people towork onOrganisational
Change Management. Once the objectives of the Initiative have been defined, and
the scope and size of the changes are clear, they should select the OCM Team leader.

11.6.4.3 Leadership

Top management participation in OCM is needed to ensure that Organisational
Change issues are taken into account in the PLMInitiative.Due to the enterprise-wide
scope of PLM, leadership has to come from the C-level.

11.6.4.4 Communication

Communication is a key issue in a change project. Top management should ensure
good communication of the needs and reasons for change.

11.6.4.5 Support

Topmanagement should strongly support the change project. If topmanagement isn’t
seen to support the change project, it’s unlikely that the project will be supported by
the rest of the company.
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11.6.4.6 Convince Middle Managers

Top management should convince middle managers of the need for change. Without
the support of middle managers, the change project is unlikely to succeed.
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Chapter 12
PLM and Project Management

12.1 This Chapter

12.1.1 Objective

The objective of this chapter is to give a basic introduction to projects and Project
Management as they relate to a company’s PLM Initiative. This introductionwill help
those in the Initiative to understand project-related topics and Project Management
activities. In turn, this will help them participate more fully in the PLM Initiative.
This chapter also aims to give students a basic understanding of the role and activities
of Project Management in a PLM Initiative.

12.1.2 Content

The first part of the chapter is an introduction to projects and Project Management in
the PLM environment. It describes the purpose, role and importance of Project Man-
agement in a PLM Initiative. Definitions are given of frequently used terms in the
Project Management environment. The need for Project Management is introduced.
Project phases, knowledge areas, tools and templates are addressed. Required charac-
teristics of Project Management, including KPIs, are outlined. Frequently occurring
roles in PLM projects are described.

The second part of the chapter addresses Project Management in the PLM envi-
ronment of a typical company. It describes the typical issues with projects and project
plans that are encountered in many companies. The interaction of Project Manage-
ment with the resources of PLM and with other company initiatives is outlined.

The third part of the chapter introduces frequent Project Management activities
in a PLM Initiative. Benefits and success factors are described.

The fourth and final part of the Chapter builds on the experience of Project Man-
agement activities with many companies. It shares lessons learned from experience
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of Project Management in PLM Initiatives. The potential pitfalls of Project Manage-
ment are described. Top management’s role with Project Management in the PLM
Initiative is addressed.

12.1.2.1 Skills

This chapter will give students, who’ve been assigned this book, a basic under-
standing of projects and Project Management in a PLM Initiative. They’ll learn why
it’s important. They’ll be able to explain, communicate and discuss about projects,
Project Management and related activities in a PLM Initiative. And they’ll be aware
of some companies’ experience with Project Management in their PLM Initiatives.

12.1.3 Relevance

Several Project Managers were surprised when I told them that I was including a
chapter about Project Management in a book about PLM. They said it was unneces-
sary. They told me that if someone in a PLM Initiative wanted to know about Project
Management they should read one of the many books that have been written about
Project Management.

I replied that, having worked in dozens of PLM projects, I had never met anyone,
apart from Project Management professionals, who had read a book about Project
Management. And yet, in most PLM Initiative there are many projects, and their
management is challenging. So, in my opinion, everyone in a PLM Initiative needs
to know the basics of Project Management as it relates to a PLM Initiative.

In my experience, a PLM Initiative is made up of many projects, many of which
will run in parallel. Each of thesemay be complex, involvingmany people, decisions,
roles, costs and dependencies. Project Management is really important in such an
environment. Everybody in the PLM Initiative needs a basic understanding of Project
Management.

12.2 Definitions and Introduction

12.2.1 Definitions

12.2.1.1 Project

A project is a temporary activity carried out by a company to achieve a specific goal.
A project has an intended start date and an intended end date.
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A project differs from most activities in a company. Most activities aren’t tempo-
rary. They’re permanent, everyday, routine and organised to achieve the same goal
many times. For example, one of my customers was a company that had a manufac-
turing plant which produced motors for the transportation industry. Every day, about
a dozen motors came off the end of the line. The plant carried out the same tasks
every day for several years. The workers in the plant didn’t do project work, they did
everyday routine work.

12.2.1.2 One-off Project, Repetitive Project

There are two types of project, the one-off project and the repetitive project. An
example of a one-off project is theManhattan Project which produced the first atomic
bombs. Another example of a one-off project is the project, announced in 1961 by
President Kennedy, to land a man on the moon.

The other type of project is the repetitive project. For example, companies often
have many New Product Development projects running at the same time. Each one
is a project in that it is a temporary activity, with the objective of producing a specific
product. However, each project contains the same tasks. These tasks are repeated, in
different circumstances, in each project.

12.2.1.3 Why Project Management?

In a company’s everyday routine operations, such as those of themanufacturing plant
mentioned above, roles and responsibilities are clear. They’re described in depart-
mental guidelines. People work in a particular department such as Manufacturing.
They work the way their functional boss, such as the Manufacturing Plant Manager,
or the Manufacturing VP, wants them to work.

However, in most projects, the situation is different because the project is unique
and cross-functional. Because the project is unique it doesn’t have predefined tasks.
And, because it includes people from several functions, it’s not clear who should be
the boss. To address these issues, Project Management, an approach to management
that is specific to projects, is needed.

12.2.1.4 Project Management

Project Management is the business process for managing projects. The objective of
Project Management is to achieve the project’s goal on-time and within the project
budget.

Project Management is made up of activities such as planning, scheduling, organ-
ising, allocating, leading and controlling of company resources.
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12.2.1.5 Program

Just like a project, a program is a temporary activity carried out by a company to
achieve a specific goal.

However, a program ismade up ofmany related projects, some running in parallel,
some running in series. All of the projects contribute to achieving the goals of the
program. Each project within the program may start and end at a different date
(Fig. 12.1).

In most PLM Initiatives, there will be many projects and sub-projects. The advan-
tages of grouping projects in a program are usually the same (Fig. 12.2).

However, there are various criteria possible when it comes to deciding which
projects to group in a program (Fig. 12.3).

12.2.1.6 Project Schedule, Project Plan

A project schedule is a list of a project’s tasks that also shows other information,
including intended start and finish dates for each task. Examples of the other infor-
mation it may show include the name of the person responsible for the task and the
resources assigned to the task. There are many reasons for making a project schedule
(Fig. 12.4).

Sometimes there is confusion in projects due to different understandings of the
word “plan”. The Oxford English Dictionary gives two meanings for a Plan. The
first is: “A diagram, table or program indicating the relations of some set of objects
or the times, places etc. of some intended proceedings”. It then gives an example of
use of this meaning in 1807 by J. Nightingale—“A local preacher’s plan is a paper
properly divided and subdivided into columns and squares on which the names of all
preachers are inserted, the respective places of their preaching appointments, and the

Project 1 Project 2 Project 3 Project 4
Timescale

Y1Q1 Phase 1
Y1Q2 Phase 2 Phase 1
Y1Q3 Phase 3 Phase 2 Phase 1, Phase 2
Y1Q4 Phase 3 Phase 3 Phase 3, Phase 4 
Y2Q1 Phase 4 Phase 3
Y2Q2 Phase 4
Y2Q3 Phase 1, Phase 2
Y2Q4 Phase 3, Phase 4

Fig. 12.1 Projects in a program

more effective use of resources easier to report all the projects in the program
easier to plan all the projects in the program decision-making becomes clearer and more effective
easier to manage all the projects in the program likelihood of success is increased
easier to control progress of the projects in the program less waste, shorter time frames and lower costs

Fig. 12.2 Advantages of a program
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projects belonging to the same business initiative projects which have similar business objectives
projects impacting the same business area in the same time-frame projects with overlapping or identical scope
projects which relate to the same business objectives projects addressing the same resources

Fig. 12.3 Possible criteria for grouping projects in a program

understand interactions between tasks create a basis for monitoring progress clarify use of resources
show interactions between tasks reduce uncertainty clarify task timelines 
better understand the objectives communicate use of resources understand workloads

Fig. 12.4 Reasons for making a project schedule

Fig. 12.5 Characteristics of
a good project plan

documented complete understandable under change control
agreed detailed easy to change measurable

dates of the month”. This is the definition of a plan as a graphical display in which
activities and responsibilities are shown. In this meaning, a Project Plan is similar to
a Project Schedule. Typically, good Project Plans share a small set of characteristics
(Fig. 12.5).

The Oxford English Dictionary gives a second definition of a Plan: “A formulated
or organised method according to which something is to be done; a scheme of action,
project design; the way in which it is proposed to carry out some proceeding”. With
this meaning, a Project Plan is the overall approach or method chosen to carry out
the project. With this meaning, a Project Plan isn’t the same as a Project Schedule,
it’s not a list of tasks.

12.2.1.7 Project Manager

The Project Manager is responsible for on-time, on-budget achievement of the
project’s goals.

12.2.1.8 Project Management Office (PMO)

AProjectManagement Office provides administrative support to the project manager
and to other project participants (Fig. 12.6). The role of a PMO varies widely from
one project to another. In some projects, the PMO is a key hands-on participant in
managing the project. In other projects, the PMO may just have an advisory role.
And sometimes a project doesn’t have a PMO.

advising about best practices for project management organising training tracking project execution progress
preparing and maintaining the project schedule organising meetings preparing risk and issue analysis
providing training about special techniques tracking costs preparing project plans

Fig. 12.6 Examples of support provided by a Project Management Office
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12.2.1.9 Program Management Office (PMO)

AProgramManagementOffice is similar to a ProjectManagementOffice except that,
instead of addressing a single project, it addresses the many projects of a program.

12.2.2 Characteristics of Projects

All projects are different, but they usually have a few things in common, a small
set of important characteristics (Fig. 12.7). In all projects, everything about these
characteristics needs to be clear. Anything that isn’t clear will lead to hesitation and
confusion. Time and money will be wasted.

For example, the purpose of a project, its goal, needs to be clear. If it’s not clear,
then people will get confused. They won’t be sure about what they should do, and
they won’t work as effectively as possible. Similarly, the scope of a project needs to
be clear. Its boundaries should be clear. Otherwise, people may work on out-of-scope
activities. That will waste time and money. The start date and the end date of the
project need to be clear. Otherwise, people may start working at different times and
tasks will get out of synch. Similarly, the tasks of a project need to be clear, as do
the participants in the project, the roles of the participants, the tools they use and the
owner of the project.

12.2.2.1 Benefits of Project Management

PLMInitiatives havemanyof the characteristics that typify, in other domains, projects
that have a high risk of failure. For example, they have cross-functional aspects, lead
to organisational change and involve changing the way that people work. They can
address numerous skeletons in cupboards that haven’t been opened for years (such as
product structures, classification systems, product development work practices and
interdepartmental interfaces).

Project Management offers features to help overcome any issues resulting from
such characteristics and achieve a successful PLM Initiative (Fig. 12.8).

goal purpose scope tasks tools costs budget name owner
governance schedule dates roles participants customer KPIs plan manager

Fig. 12.7 Project characteristics

best way to achieve the expected results effective teamwork more predictable results
enables use of common templates reduces cost overrun better management of risks 
over time, identification of best practices reduces time overrun leads to faster delivery

Fig. 12.8 Features of project management



12.2 Definitions and Introduction 417

12.2.3 People in Projects

There are projects of many different sizes, ranging from very small to colossal.
Projects of different sizes have different needs for people and for the way that people
are organised. In a very small project, theremight just be a sponsor, a project manager
and a couple of project team members. However, for large projects, there are more
and more people involved, and it’s important that people understand what they’re
expected to do, and what role they’re expected to fill.

Just knowing a job title may not be all that helpful, as different companies give
different names to the same job. In one company, someone doing a particular jobmay
be called a Project Manager. In other companies, someone doing the same job may
be called a Project Leader, a Team Leader, or a Program Manager. Conversely, in
different companies, people with a particular job title may do very different things.
For example, a company’s expectations of a Product Manager may be very different
in different companies (Fig. 12.9). And expectations of a Project Manager may be
just as different.

Independently of their job title, or their job description, people may play several
roles. For example, one personmay, in one project, have the roles of Project Manager
and Data Modeller. In another project, the same person may have the roles of Team
Leader and Business Analyst.

Roles may be assigned to one or more individuals. Conversely, individuals may
play one or more roles.

12.2.3.1 Project Sponsor

The Project Sponsor has the most senior business role in the project, and is likely
to be a high-level executive. This person is the customer for the project, and has
ultimate authority and responsibility. The sponsor sets the project goals, appoints
the Project Manager, agrees the initial plan, provides project funding and other
resources, resolves issues and scope changes, approves major deliverables and
approves progress from one project phase to the next (Fig. 12.10). This person needs

be a business leader for a product line 
be a team member among many developing a new product
plan for new products, build product roadmaps, gather market requirements, identify new 
product candidates, develop business cases, define new products at a high level, plan and 
lead development projects, explain the product to Marketing and Sales
define the marketing message, promote the product at trade events, work with the press, 
monitor the competition

Fig. 12.9 Different expectations of a Product Manager in different companies

is responsible to ensure that project goals are achieved take high-level decisions
assist with major issues, problems, and policy conflicts chair the Steering Committee

Fig. 12.10 Typical activities of the Project Sponsor
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to be committed and available for the duration of the project. The likely involvement
of the Sponsor in the project is about 4 h per week.

12.2.3.2 Stakeholders

In different projects, the term “stakeholder” has different meanings. At one extreme,
the stakeholders are only the high-level executives whose departments, or other
organisations in the company, will be impacted by the project. At the other extreme,
the stakeholders are all the people or groups which may impact, or maybe impacted
by, or may otherwise have an interest, in the project. In view of this wide spread of
meanings, it’s important to define the exact roles and responsibilities of a stakeholder.

12.2.3.3 Steering Committee

A Steering Committee is usually a group of high-level stakeholders from the key
organisations involved in the project. Their activities and responsibilities differ from
one project to another (Fig. 12.11). The Steering Committee is usually headed by
the Project Sponsor. The likely involvement of a Steering Committee member in the
project is about 2 h per week.

In view of the differing roles of Steering Committees, it’s important to define the
exact roles and responsibilities of a Steering Committee.

12.2.3.4 Project Manager

The Project Manager is responsible for on-time, on-budget achievement of the
project’s goals. Typical activities are shown in Fig. 12.12.

resolve project issues related to their department listen to progress reviews from the Project Manager 
allocate resources to the project from their department approve end-of-phase project deliverables
review and approve scope changes assist in securing funding
liaise with executive groups support the Project Sponsor in decision-taking

Fig. 12.11 Typical activities of the Steering Committee

prepare the project plan carry out high-level scheduling receive direction from the Project Sponsor
manage the project on a daily basis manage project resources report progress to the Steering Committee
monitor progress against plans identify project team members get feedback from the Steering Committee
communicate with top management coach, motivate the team secure approval of deliverables
raise issues with Steering Committee manage risks and issues monitor contract compliance with externals

Fig. 12.12 Typical activities of the Project Manager
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12.2.3.5 Project Director

In large projects, there can be a huge load of project management work. As a result,
the Project Manager role is often shared between a Project Director and a Project
Manager, with the Project Manager reporting to the Project Director. In this case, the
Project Director usually addresses the more strategic issues and the communication
with top management, while the Project Manager manages the day-to-day issues. If
the project management role in a project is split, it’s important to define the exact
roles and responsibilities of the Project Director and the Project Manager.

12.2.3.6 Project Team

Project Teams come in various shapes and sizes. The Team may consist of people
from just one functional organisation, although usually, it consists of people from
several functional organisations. There may be just one team. Or there may be a
Project Team made up of several teams, such as a Core Team (of the people most
involved) and an Extended Team (of less-involved people).

12.2.3.7 Project Team Member

AProject TeamMember executes tasks and produces project deliverables. They may
be assigned full-time or part-time to the project team. They may carry out a wide
range of activities (Fig. 12.13).

Some Project Team members may not have participated in a project before. It’s
important to define their roles and responsibilities.

12.2.3.8 Team Leader, Track Leader

PLM Initiatives are major endeavours that may involve many people and many
projects. Some of these projects may be grouped into a “Track” and assigned to
a Track Leader (or Team Leader). The Track Leader (or Team Leader) reports to the
Project Team Manager.

Fig. 12.13 Typical activities
of a Project Team Member

understand the assigned task plan detailed activities
execute the assigned task report status and concerns
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provide knowledge of a specific subject help people get facts straight participate in process modelling
provide expertise in a specific subject participate in process mapping participate in use case development
act as an authority on a specific subject participate in defining tests participate in data modelling 
explain how tasks are currently executed participate in workshops participate in making training matter
review documents before communication report weak points participate in training activities

Fig. 12.14 Typical activities of a Subject Matter Expert

document Business Process Architecture map actual business processes identify process improvement areas 
work with executives on business vision describe business capabilities model future business processes
identify KPIs to manage business goals capture business goals analyse business processes
communicate planned improvement goals document business processes create dashboards and scoreboards
continuously improve business processes define business processes deploy and monitor business processes

Fig. 12.15 Typical activities of a Business Process Architect

12.2.3.9 Subject Matter Expert

A Subject Matter Expert (SME) has excellent knowledge and experience of their
particular subject (or area or topic). An SME provides expertise on their subject as
required by project activities (Fig. 12.14).

12.2.3.10 Business Process Architect

A Business Process Architect may carry out numerous activities (Fig. 12.15). A
Business Process Architect often develops and documents the future architecture
of the company’s business processes. This person also describes the current and
future business processes of the company. The Business Process Architect monitors
implementation of the processes and the process architecture. They may also assist
in the preparation of Use Cases.

As the exact activities of a Business Process Architect may not be clear, it’s
important to define this role and its responsibilities.

12.2.3.11 Data Modeller

ADataModeller develops and documents datamodels for information systems corre-
sponding to business requirements. Their activities are focused on data (Fig. 12.16).

understand frameworks and methods identify data storage tools document functional specifications 
understand, evaluate the current state of data undertake data analysis  identify data management tools 
construct a detailed data model document data sources/targets map current data structures 
identify data migration strategies document data integration  model the future state of data 

Fig. 12.16 Typical activities of a Data Modeller
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understand business strategy communicate with system analysts communicate suggestions to the business  
analyse business needs write functional requirements explain functional requirements to developers 
identify requirements interpret business needs for IS  work with IS to improve applications 
document requirements design improved processes ensure IS delivers the required improvements  
review current processes document new processes provide business training on the new solution 
identify problem areas  identify proposed changes assess impact of proposed changes 

Fig. 12.17 Typical activities of a Business Analyst

interact with business analysts assess existing systems manage a system development project 
communicate with system users aid application developers write technical specifications 
understand business requirements create use cases participate in testing of the new system 
understand user requirements document the system work with solution architects on future design 

Fig. 12.18 Typical activities of a System Analyst

12.2.3.12 Business Analyst

A Business Analyst understands and documents a business area and its activities,
identifies and evaluates its business requirements, communicates with IS and recom-
mends solutions. The Business Analyst often carries out many activities (Fig. 12.17).

As the Business Architect may be called upon to carry out many activities, it’s
important to define this role and its responsibilities.

12.2.3.13 System Analyst

A System Analyst understands and coordinates system improvements to meet the
company’s business requirements. A System Analyst bridges the gap between a
business need and the corresponding IS solution (Fig. 12.18). This role can easily
overlap with others, so it’s important to define clearly the role and its associated
responsibilities.

12.2.3.14 Solution Architect

A Solution Architect is responsible for the overall design, development and imple-
mentation of a future IS solution. In different projects, Solution Architects may carry
out different activities (Fig. 12.19). It’s important to define the exact roles and respon-
sibilities of a Solution Architect, otherwise many people will wonder “what does that
guy actually do?”

map business requirements to system monitor solution implementation write a development specification 
develop overall vision of the solution transform vision to solution communicate proposals to executives  
write a functional design document  model business processes participate in training design and delivery 

Fig. 12.19 Typical activities of a Solution Architect
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design model create 
test document deploy 

Fig. 12.20 Typical activities of an Application Developer

provide business knowledge prepare training support other users 
provide organisational understanding  collect improvements address simple problems  
confirm business requirements propose improvements manage incidents 
represent users from part of the business participate in testing contact the Help Desk 
know details about the applications train other users manage a list of issues 

Fig. 12.21 Typical activities of a Key User

Fig. 12.22 Typical activities
of a Tester

create test plans carry out testing define cases 
define test scenarios document tests report test results 

12.2.3.15 Application Developer

An Application Developer translates business requirements into a deployable appli-
cation or application component. Application Developers usually have just a few
activities in a project (Fig. 12.20), but without them, nothing will be implemented.

12.2.3.16 Key User

A Key User has an excellent understanding of the applications in a particular part of
the business.KeyUsers apply their knowledge and understanding to support activities
throughout the project (Fig. 12.21).

12.2.3.17 Tester

A Tester carries out testing activities (Fig. 12.22). These could include creating test
plans, carrying out tests and reporting test results.

12.2.3.18 Workshop Facilitator

A Workshop Facilitator is responsible for organising the workshops that are held at
various times during the project. Their expertise and activities lie in the organisation
and execution of Workshops (Fig. 12.23). They aren’t expected to be an expert in the
subject matter of a Workshop.
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define workshop scope with workshop owner understand areas of concern in the subject 
clarify workshop objectives define workshop preparation work 
plan the workshop facilitate the workshop to meet its objectives 
understand the subject area or areas of the workshop ensure workshop results are documented and communicated 
identify suitable workshop participants review workshop results against objectives 

Fig. 12.23 Typical activities of a Workshop Facilitator

organise meetings maintain and update project Intranet handle project logistics 
organise travel and events assist team members in use of technology attend meetings and take minutes 
organise facilities maintain project support technology manage timesheets 

Fig. 12.24 Typical activities of a Project Assistant

provide detailed knowledge and experience help the team work in the required way 
help the team to use unfamiliar practices build capability in the team 
ensure team members understand tools and methodologies answer queries promptly 

Fig. 12.25 Typical activities of a Project Coach

12.2.3.19 Project Assistant

A Project Assistant assists in the administrative duties of managing the project
(Fig. 12.24). Like the Workshop Facilitator, they aren’t expected to be experts in
the subject matter of the project.

12.2.3.20 Project Coach

A Project Coach is responsible for the correct use of the correct tools and method-
ologies in the project. As there may be confusion between the roles of trainer, coach
and mentor it’s best to clarify the expected activities of the coach (Fig. 12.25).

12.2.4 Project Phases

There are often four high-level phases in a project. The names of these phases vary
from one company to another and from one project to another. As an example,
they could be referred to as the Initiation, Planning, Monitoring and Controlling of
Execution and Closure phases. Typical Phase 1 project management activities are
shown in Fig. 12.26.

12.2.4.1 Phase 1 Project Management Activities

Phase 1, “Initiation”, is the phase in which the aims of the project are defined and
agreed. The activities carried out in this phase vary from one project to another. A
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ehtyfiralcreganaMtcejorPehtngissa acceptance criteria for the project 
confirm project sponsorship and stakeholders define major phases and deliverables  
confirm the project scope and objectives define a timeline including start, end and intermediate dates 
identify business expectations in cost and time terms draft a high level plan 
determine required and available resources create a formal Project Document  
identify any constraints develop a Project Charter  
develop the business case develop a mission statement 
create the Project Team prepare deliverables for review 
define project roles and responsibilities carry out an end-of-phase review  
clarify the project’s control and reporting structure get agreement to continue to Phase 2 

Fig. 12.26 Typical project management activities in Phase 1

identify the main parts of the project refine the detailed task list 
identify the tasks in each main part of the project develop an initial Project Schedule and budget 
include activities for externals: software vendors, consultants conduct risk assessment with team members 
include activities for issue and risk management discuss the Schedule with sponsor and stakeholders 
include activities for communica eludehcStcejorPehttsujdanoit
include activities for training review assignments with each team member 
include project meetings assign resources 
include management decision-taking activities carry out an end-of-phase review  
for each task, estimate time, identify resources and dependencies get agreement to continue to Phase 3 

Fig. 12.27 Typical project management activities in Phase 2

Project Document is developed to describe the project in detail. A Business Case
may be created to show expected costs and benefits of the project.

12.2.4.2 Phase 2 Project Management Activities

Phase 2, “Planning”, is the phase in which the project is planned. As for the Initia-
tion phase, the activities carried out in this phase vary from one project to another.
Examples of possible Phase 2 project management activities are shown in Fig. 12.27.

12.2.4.3 Phase 3 Project Management Activities

Phase 3 is “Monitoring and Controlling of Execution”. It includes the Project Man-
agement activities that are carried out while the project is being executed (Fig. 12.28).
There’s a lot going on in the project at this time (for example, design and build of
solutions). But from the Project Management view, there are relatively few tasks in
Phase 3.

review project progress monitor risks, take action as necessary prepare deliverables for review. 
update project status report progress to Steering Committee carry out an end-of-phase review 
ensure quality keep stakeholders informed get agreement to continue to Phase 4 
identify and manage issues revise plan as required hold project meetings 

Fig. 12.28 Typical project management activities in Phase 3
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close-out final tasks and issues transition to support/service mode capture lessons learned 
conduct final project review conduct project retrospective document lessons learned 
conduct sponsor sign-off complete and archive project documents celebrate success 

Fig. 12.29 Typical project management activities in Phase 4

Human Resources  Procurement  Integration Quality  Time  
Communications  Stakeholder Management Risk Management Scope  Cost  

Fig. 12.30 Project management knowledge areas

12.2.4.4 Phase 4 Project Management Activities

In Phase 4, “Closing”, the project is brought cleanly to an end. Typical project
management activities in this phase are shown in Fig. 12.29.

12.2.5 Project Management Knowledge Areas

According to the Project Management Institute, project management knowledge
draws on ten areas (Fig. 12.30).

The subjects of most of these areas are self-explanatory from their names. Two
names that may not be so clear are Integration and Procurement. The Integration
area addresses subjects such as coordination and control of project planning and
execution, and management of changes to the plan. The Procurement area covers
subjects such as acquisition and management of products and services needed for
the project from outside the company.

12.2.6 Project Management Tools and Templates

Many techniques, tools and templates are available to help people manage projects
and achieve project success. The following are among those most frequently used.

12.2.6.1 PERT, PERT Chart

PERT (Program Evaluation and Review Technique) is a technique used to represent
and analyse the tasks of a project. A PERT chart is a graphical network model that
depicts a project’s tasks and the relationships between those tasks.
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12.2.6.2 Gantt Chart

A Gantt chart is a horizontal bar chart that shows project tasks against a calendar.
Each bar represents a named project task. The tasks are listed vertically in the left-
hand column. Time is on the horizontal axis. The start date and the end date of each
task are shown.

12.2.6.3 Project Management Software

Project management software can be used by the Project Manager for a variety of
purposes. For example, to plan and schedule project activities, allocate and manage
human resources, support decision-taking, manage costs and budgets, document and
communicate project progress.

12.2.6.4 Deliverables Checklist

A Project Deliverables Checklist shows the required project deliverables and the
targeted delivery date for each deliverable.

12.2.6.5 Roles and Responsibilities Matrix

In each project, it’s important for everybody to understand their roles and responsi-
bilities. They should also understand those of the other participants. The purpose of
the Roles and Responsibilities Matrix for a particular project is to define the roles
and associated responsibilities for that project.

12.2.6.6 Risk Log

A risk is an event that, if it occurs, can impact a project. A Risk Log is a table (e.g. in
Excel) showing open and resolved risks of a project. There’s a row for each risk. The
columns of the table contain basic information about the risks. Examples of column
headers are Risk number; Risk name; Risk description; Risk author; Risk type; Risk
severity; Risk likelihood; Date that Risk identified; Risk assigned to: Deadline date;
Date of Resolution; Risk status; Actions taken.

12.2.6.7 Risk Matrix

ARiskMatrix is a simple two-dimensionalmatrix. It’s used to provide visibility about
a risk, and to help ranking of risks and decision-making. The horizontal axis of the
Matrix shows the Probability (P) of a Risk occurring. The y-axis shows the Severity
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(S) of the risk if it occurs. The matrix shows predefined risk levels corresponding to
a small number of values of P and S.

Usually four or five possible values of Risk Probability are included in the matrix,
for example, Certain, Likely, Possible, Unlikely and Rare. And usually four or five
values of Risk Severity are included in thematrix, for example, Catastrophic, Critical,
Marginal and Negligible. Usually, the matrix shows a small number of risk levels,
for example, Low, Medium, High.

12.2.6.8 Risk Management Software

Risk management tools provide IS support to project managers in their task to iden-
tify, describe, classify, prioritise, document and track risks. Probabilities and levels
can be set. Risks can be assigned for response, and responses tracked. KPIs can be
calculated. Reports can be generated.

12.2.6.9 Issue Log

An Issue is an event that has occurred and can have an impact on the project. An
Issue Log is a table (e.g. in Excel) showing open and closed issues of a project.
There is a row for each issue. The columns of the table contain basic information
about the issues. Examples of column headers are Issue number; Issue name; Issue
description; Issue author; Issue type; Issue priority; Date that Issue raised; Issue
assigned to; Deadline date; Date of Resolution; Issue status; Actions taken.

12.2.6.10 RACI Diagram

RACI is an acronym for Responsible, Accountable, Consulted, Informed. A RACI
matrix communicates to everybody in the project, for every task, who is responsible,
who is accountable, who has to be consulted and who has to be informed.

12.2.7 KPIs for Project Management

A Key Performance Indicator (KPI) is a quantifiable attribute of an entity or activity
that helps describe its performance. KPIs for project management (Fig. 12.31) help a
company to set targets for project management activities and measure their progress.
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cost performance / variance from planned budget customer satisfaction phase achievement accuracy 
time performance / deviation from planned cycle time deliverables delivered percentage of milestones missed 
time performance / deviation from planned workdays scope changes requirements performance 

Fig. 12.31 KPIs for project management

there can be very many projects and sub-projects in a PLM Initiative PLM Initiatives run over a very long period 
successful PLM involves significant organisational change PLM addresses a very wide scope 
generic Project Managers may be out of their depth in the details of PLM PLM addresses many hard issues  
confusion between PLM and Project Lifecycle Management (PLM) PLM addresses many soft issues 

Fig. 12.32 Special characteristics of project management in the PLM environment

12.2.8 The Importance of Project Management in PLM

Project Management is important in PLM because cross-functional, enterprise-wide
projects such as PLM Initiatives are known to have high failure rates. It’s not easy to
get people from many different parts of a company to work together. Good Project
Management will help make it happen.

Many of the reasons for failure are linked to poor project management. There
are many types of failure. Examples include failure to deliver on promises, failure
to keep within budget, failure to report meaningfully, failure to develop accurate
specifications and failure to get people to change their behaviour.

12.2.8.1 What’s Special About Project Management in the PLM
Environment?

Although the project management of all enterprise-wide projects is challenging,
PLM Initiatives have many special characteristics (Fig. 12.32) that can exacerbate
the situation.

12.2.8.2 What Happens if You Don’t Do Project Management
in a PLM Initiative?

It’s unlikely that a company would try to carry out a PLM Initiative without some
form of Project Management. The question should perhaps be “What happens if you
don’t do Project Management in a PLM Initiative well?”

Many PLM Initiatives fail. Some sources cite failure rates as high as 50%. Failure
is rarely due to the quality of a particular new process or the functionality of a new
application. Usually, it’s due to the way that these are implemented, which in turn is
a consequence of the way the project is managed. The likely consequences of poor
Project Management in the PLM Initiative are serious (Fig. 12.33).
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projects come in late management is unhappy the Project Manager is fired 
projects lead to incorrect results the PLM Initiative fails Team Members resign 
projects give partial results the Project Manager resigns Team Members are fired  
PLM is seen as a failure PLM is seen as bureaucratic Team Members are reassigned 

Fig. 12.33 Consequences of poor project management in the PLM Initiative

12.3 Project Reality in a Typical Company

Project Management fits in the Management and Organisation component of the
PLM Grid (Fig. 12.34).

12.3.1 Generic Issues with Projects

In a typical company, theremay bemany issueswith projects in the PLMenvironment
(Fig. 12.35).

Companies define the scope of their projects, and name them as they like. Often
the name is misleading and creates confusion as to the real objective. Often project
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Project Management guidelines ignored scope creep insufficient team resources 
unclear scope and business need poor communication accountabilities ignored 
inappropriate support technology unclear objectives benefits not achievable 
uncommitted sponsor and stakeholders poor project start-up team members run wild 
project takes on a life of its own overrun project fracture 
expected benefits not clearly defined weak business case lack of governance 

Fig. 12.35 Issues with projects in the PLM environment

objectives aren’t clearly defined. Again the result is confusion. There is often duplica-
tion or overlap of activities between different projects. Boundaries between projects
are rarely defined. Project Governance may not be clearly defined. Roles and respon-
sibilities may be vague. As a result, nobody feels really responsible for the project.
If any problems arise, no-one’s there to put things right. There may be no KPIs in
some projects. In other cases, the wrong performance measures are used to measure
progress.

Sometimes, the Project Management processes in a company haven’t been
defined. If they have, there may be no management commitment to ensure that
they’re followed. The processes may be poorly defined, and poorly documented with
a resulting lack of clarity about what should be done. There may be no training about
processes. There may be no management system to ensure that Project Management
processes are continually improved.

12.3.2 Generic Issues with Project Plans

Just as there are generic issues with projects, there are also generic issues with project
plans (Fig. 12.36). As time passes, and the project evolves, project plans will change,
resulting in several versions of the plan. But there may be no management system for
changes to project plans. As a result, some people may work to the latest version of
the plan, while others continue to work to the previous version, leading to perplexity
and omissions.

Project plans may be poorly defined, and poorly documented. They may be so
unclear that they can’t be understood by people working in the project.

A project plan may be split into several parts, each the responsibility of a different
person. As these people focus on developing their part of the plan, they may ignore
its interplay with other parts. In the part that they are developing, they may include

confusion about terms such as milestone estimates are not fact-based wide variation in task sizes 
insufficient time allocated for planning over-ambitious timeframes estimates made without justification 
wide variation in level of detail planned no review of plans interdependencies not understood 
planners ignorant of company goals plans are for too much too soon estimates are best guesses 
planners ignorant of people’s skills poor financial estimates in plans estimates not based on history 
planners ignorant of people’s availability contingency not included using different versions of the plan 
planners ignorant of project objectives planning process not defined plans made without enough data 

Fig. 12.36 Generic issues with project plans
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Fig. 12.37 Objections to
project plans

"Product Development is innovation. You can’t make plans about Innovation" 
"I have no time to make a plan, I’m overloaded with project work" 
"My project tasks depend on other people’s efforts, so I can’t plan them" 
"All this bureaucratic planning stifles innovation and the real work" 

activities that are already in other parts of the plan. This can lead to needless effort
across the project.

To develop and document the plan quickly, ProjectManagersmay use their Project
Management jargon. However, that will make it more difficult for other people, not
trained in Project Management terminology, to understand what’s happening. And
busy Project Managers may not have time to define the purpose of each task in the
plan, or its scope, or even make sure that it has an owner.

Another issue that project plans may face is resistance from conscientious objec-
tors, who object to project plans on grounds of freedom of thought and action
(Fig. 12.37).

12.3.3 Interaction with Other Activities

The Project Management activities of the PLM Initiative aren’t an island isolated
from the rest of the Initiative and the rest of the company. They’re at the heart of the
Initiative and bring together all the other activities. In addition to the PLM Initia-
tive, most companies will also have several other initiatives running. For example,
Innovation, Digital Transformation, Digitalisation and Cost Reduction initiatives.
Company initiatives address many different subjects, and include many improve-
ment activities. Each initiative will have its plans. It’s not unusual to find duplication
or overlap of activities between different initiatives. To avoid potential problems, it’s
important to identify the other company initiatives and find out if and how they may
interact with the PLM Initiative. And then work out how to harmonise management
of overlapping and closely related activities.

12.4 Project Management Activities in the PLM Initiative

A PLM Initiative takes a company from its current PLM situation to a desired future
situation. All PLM Initiatives have to be managed.



432 12 PLM and Project Management

plan activities related to Project Management manage the Initiation phase 
develop a Project Management Glossary manage the Planning phase 
provide Project Management training manage the Monitoring and Controlling phase 
define KPIs for the project manage the Closure phase 

Fig. 12.38 Examples of activities related to project management

12.4.1 Project Management and Initiative Projects

In PLM Initiatives, there are many projects addressing business processes, product
data, PLM applications and organisational change. All of these will be managed by
the Project Management activities (Fig. 12.38) of the Initiative.

Most projects in a PLM Initiative will be cross-functional and include people from
across the product lifecycle. However, people coming from different backgrounds
may have very different understandings of the terms used in Project Management. So
it’s useful to develop a glossary that gives short definitions of these terms. This will
help everyone to understand the terms and should lead to a common understanding
of the subjects to be addressed.

Similarly, some of the people in the Initiative may know little about Project Man-
agement. Many of the members of the project team may not have participated before
in a cross-functional project. In such circumstances, it can be difficult for them to
know how best to execute their activities and go about their work. As a result, some
training about Project Management will be useful.

12.4.2 Working with Consultants

It can be difficult for a manager of a company’s PLM Initiative to manage people
who work for the company. It can be even more difficult to manage people who work
for partners. Many problems can arise with consultants. For example, they may lack
experience, theymay take longer than necessary on the job to get paidmore, theymay
do other tasks than the one they were hired to do, and they may produce non-value-
adding voluminous reports. And, to cover up their inadequacies, they may blame the
person who hired them for any difficulties that arise.

To avoid these problems, the project manager should, first of all, define exactly
what the consultant has to do, the number of days work, and themaximum that can be
paid. Proposals should be requested from several consultants. The project manager
should meet and test the consultant they’re going to work with. There’s no point
in meeting the consultancy’s salesperson. They’re not going to do the work. Simi-
larly, there’s no point in buying a brand name. In consultancy, all that matters is the
particular individuals who do the required work. The project manager should make
sure that the consultant really knows the subject, and should check out references of
previous similar consultancy work.
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The project manager should make sure that, every day, the consultant writes down
exactly what has been done that day. This way, the project manager can check that
the consultant is doing exactly what is wanted, and that the company isn’t paying
for work that’s not required. If there are several phases to the work, the project
manager may consider getting a different consultant for each phase. This should
prevent consultants from structuring the next phase so that they will have a lot of
work to do, as that would increase the cost of the project.

The project manager should make sure the consultant brings something useful,
such as knowledge or experience, to the rest of the team, and should make sure it
gets transferred. The project manager should make sure the consultant doesn’t start
managing the project team and changing the project plan. If possible, the project
manager should avoid hiring more than one consultant at a time. It’s much more
difficult to manage several. If the project manager does have to hire more than one,
they should be kept apart. The project manager should remember that they will find
themselves alone as soon as the consultant has spent the budget. If there are problems
after the consultant has gone, the project manager, and not the consultant, will be
blamed.

12.4.3 Reviewing Readiness

There are so many issues for a PLM Initiative Manager to address, that ‘wait’ and
‘think’ are among the best recommendations. Before rushing off to fight the first fire
that shows up, PLM InitiativeManagers should slow down and make sure they really
know where they are and where they’re going. They will never succeed if they don’t
start from the right place and don’t know where they’re going. They can test their
readiness with some questions (Fig. 12.39).

Questions like these are helpful. As Rudyard Kipling put it:

1  your objectives are they clear and documented?  
is there consensus about the objectives? 

2  your targets are there clear targets for this year?  
are there approximate targets for coming years? 

3 project plan is it documented and agreed?  
has it been communicated? 

4 plan tasks are they clearly defined?  
are you sure they aren’t open to misinterpretation? 

5 plan tasks (2) are you sure no-one has redefined them without telling you?  
are you sure they don’t conflict with other tasks? 

6 project team do team members have the required skills? 
will team members work hard?  

7 the sponsor does the Sponsor have the power for you to win through?  
are you sure the Sponsor’s support won’t waver? 

8 the budget is your budget clear and agreed?  
is there enough money in case something goes wrong? 

9 the scope has the project scope been clearly defined?  
are you sure you can handle the scope? 

10 training has everyone been sufficiently trained?  
are you sure that no-one will cut your training budget? 

Fig. 12.39 Readiness questionnaire
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clear Business Case and Objectives motivated Project Team agreed project acceptance and success criteria 
good Project Sponsor good Risk Management one Project Manager throughout the project 
good planning, a good project plan early success good communication between participants 
well defined roles and responsibilities avoiding project creep good grip of roles and responsibilities 
experienced Project Manager appropriate KPIs closing the project with a clear cut-off 
including 15% contingency in plans common vocabulary structured approach to learning from experience 

Fig. 12.40 Success factors for project management in the PLM environment

I keep six honest serving-men

(They taught me all I knew);

Their names are What and Why and When

And How and Where and Who.

You can learn a lot from good questions if you take the time to answer them.
Initiative Managers should be able to answer ‘Yes’ to each question. If they can’t,
then before rushing to the next meeting or conclave or caucus, they should just wait
a moment. They should take some time to plan what’s really needed for the next
few months instead of trying to solve whatever appears to be the very urgent, very
important task for the next few hours. There will always be another very urgent, very
important task waiting after this one. Solving one very urgent, very important task
after another is rarely the most effective way to work. Take the time to organise and
plan your work. You’ll probably find that the number of very urgent, very important
tasks decreases, and you’ll have the time you need for the tasks that are on the critical
path to your objectives.

12.4.3.1 Success Factors for Project Management

Project Management activities in the PLM environment are likely to be challenging.
Some success factors for these activities, drawn from experience in many Initiatives,
are shown in Fig. 12.40. Understanding these can put, and keep, the Initiative on a
good track.

12.4.3.2 Benefits of Project Plans

The benefits of a good project plan can also be identified from experience in many
Initiatives. Some examples are shown in Fig. 12.41. A good project plan is one of
the most important components of a PLM Initiative.

a better understanding of future activities leads to more accurate costing  leads to more realistic time-scales 
a basis for identifying best practices  gives early warning of task slippage details resource requirements 
shows project milestones and deliverables stops things slipping off the radar keeps all aware of progress 

Fig. 12.41 Benefits of a good project plan
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12.5 Learning from Experience

From experience in many PLM Initiatives, lessons have been learned about success
factors and potential pitfalls. It’s good to be aware of both, and to avoid the latter.

12.5.1 From the Trenches

The following examples show the kind of issues related to project management that
arise in PLM Initiatives.

12.5.1.1 Workshops on Christmas Day

One company that I was working with received a proposal for assistance from a
consultancy that included a file with more than 3000 lines of detailed project plan.
The Project Manager was impressed and said this showed that the consultant was
taking the project very seriously. I had my doubts, believing that few projects benefit
from 3000 lines of project plan. I looked at the plan and saw most of it had been
created with copy and paste, and hadn’t even been given a reasonability check. The
Project Manager was less impressed with the proposal after I’d shown how (on lines
1734–1924) the consultants would be working seven days a week throughout the
project, and had even planned (line 2457) to hold workshops with the company’s
Subject Matter Experts on December 25.

12.5.1.2 Changing Horses in Midstream

As part of their process of selecting an adviser for a project, many companies ask
consultants to participate in a “Beauty Contest”. At one particular company, the
Project Manager who organised the event had a background in Project Management
and Process Improvement, which probably helped us win the Contest. However, by
the time the PLM project actually started, about 6 weeks later, this person had left
the company, to be replaced by two Project Managers. One of these had a pure IS
background, the other a pure Engineering background. Neither had experience in
Project Management, or in Process Improvement. The project was planned to run for
a year, but after another 6 weeks, we were out. The change of Project Manager had
resulted in a change of project.
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12.5.1.3 Kill Jimmy Meetings

It’s really important to keep the same project manager throughout a project. A good
ProjectManager is the life and soul of a project. Replace themwith someone else, and
expect to lose not just time but also good teammembers. In one company thatwewere
workingwith, I knew that Jimmy, the ProjectManager, wasn’t happywith theway the
Steering Committee was behaving. As is often the case, the role and responsibilities
of the Steering Committee hadn’t been clearly defined. According to Jimmy, his
monthly meetings with the Committee had become “Kill Jimmy” meetings. One
Monday morning he arrived in the office, and announced that he’d resigned and his
last day was Wednesday (he had vacation days due). It took several months to get
the project back on course. Fortunately, the Steering Committee realised what had
happened, and the monthly meetings became “Support Mary” meetings.

12.5.1.4 Non-participating Project Members

In an automotive company, the PLM Project Manager had a different problem with
the Steering Committee. Several members of the project team didn’t contribute to the
project. When the Project Manager asked why, they replied that their departmental
managers (members of the Steering Committee) had told them not to. When the
Project Manager raised the subject at the next Steering Committee, he was assured
that everyone was fully committed and expected to contribute to the full. However,
several members of the project team continued not to contribute.

12.5.1.5 Revolving Door Project Managers

Project Managers in a PLM Initiative may have a short life. In an extreme case,
one PLM Initiative that I was working with had 5 Project Managers in less than
18 months. That’s an average life of less than 4 months. Not surprisingly, it became
increasingly difficult to find the next Project Manager. And, not surprisingly, the
project didn’t progress as quickly as expected.

12.5.1.6 The Project Manager Who Wasn’t

In one assignment, with a machine manufacturer, the PLM Project Manager found a
solution to the pressure of being a PLM Project Manager. First though, some impor-
tant information. The company had several thousand employees and was present in
more than 40 countries. And the project was in its initial phase, which only addressed
the main R&D and Manufacturing site. The solution that the PLM Project Manager
had found was to say that he wasn’t the PLM Project Manager. He and the other
team members knew each other well and worked well together. The first phase of
the project was completed successfully. However the next phase involved roll-out to
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other sites. The role of PLM Project Manager would become very visible. So he left
the company.

12.5.1.7 Moving the Goalposts

In another assignment, the PLM Project wasn’t making headway as quickly as
expected. There were so many details to address that progress wasn’t as fast as
everyone wanted. The PLM Project Manager thought he was being blamed for not
moving forward fast enough. To speed things up he changed the end-of-phase criteria
to make acceptance more likely. The phase was accepted, but the Project Sponsor
found out what had happened. And took him off the project.

12.5.1.8 An Unsupportive Sponsor

The relationship between the Project Sponsor and the Project Manager is important,
but can also be a source of problems. On one assignment, our first invoice was paid
promptly, but not the second. It turned out that the ProjectManager wanted us towork
on the project, but hadn’t succeeded in convincing the Project Sponsor to provide
funding. The project was terminated.

12.5.1.9 Happy Birthday, Dear Project

In one company, the project was so far behind target, that the Project Sponsor sent
the Project Manager a “birthday card” on the first anniversary of the original end
date.

12.5.1.10 Hierarchical Problems

Working with another company, the Project Sponsor had chosen a Project Manager
who was relatively junior in the hierarchy. Although he worked well, many hierar-
chically more senior team members wouldn’t take direction from him. The project
ground to a halt.

12.5.1.11 Get Dirty Quickly (1)

“Get Dirty Quickly” was the project management mantra of one Project Sponsor we
worked with. Instead of wasting time on planning, he wanted the team members to
start working andmaking progress. After a fewmonths, the project stopped. It hadn’t
made any progress. Maybe this approach works if project objectives are clear and



438 12 PLM and Project Management

team members are trained to work this way. However, in this case, the objectives
weren’t clear and the team hadn’t been trained.

12.5.1.12 Get Dirty Quickly (2)

In one project, the Project Manager was so keen on making rapid visible progress
that he purchased an expensive machine without fully analysing the requirements.
The machine was installed, and ready to go, but never used. The Project Manager
was replaced.

12.5.1.13 Get Dirty Slowly

In another project, the Project Manager was so unwilling to make mistakes that, by
the time the decision to buy a particular machine had been taken, the machine was no
longer available. The Project Manager was replaced. A significant part of the project
was repeated.

12.5.1.14 Would You Repeat that, Please?

Sometimes, it’s not clear how companies create their PLM project plans. One auto-
motive company selected a PDM system and installed licences. Then the Project
Manager contacted us and asked us to help them implement PDM. Another organ-
isation took a similar approach. After their PDM project team had selected a PDM
system, the Project Manager asked us to give the team some training about PDM.

12.5.1.15 Project Management Fracture

Sometimes Project Management fracture occurs in a PLM Initiative. The Project
Sponsor gets increasingly concerned as milestones are missed, and project team
members are overloaded with planned work as well as trying to catch up on tasks
that are running late. Meanwhile, the Project Manager organises meetings to explain
the finer details of ProjectManagement to the team. In one project, this led the Project
Sponsor to tell the Project Manager, “all this Project Management theory is great,
but from now on, please focus on the real work”.

12.5.1.16 Sinking Project

Another issue that arose in a projectwas thatmost of the teammembers didn’t have the
skills to make the project succeed. During the first two phases, we repeatedly warned
the Project Manager about this, and that he needed to find a solution. Plugging the
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lack of commitment from the Project Sponsor  expected deliverables not detailed and documented 
no clear project objective poor planning, unrealistic plan 
project so big that it’s unmanageable insufficient resources (time, people, money, ...) 
project scope too wide no formal management of changes to the project 
wrong make-up of the project team poor risk management 
wrong Project Manager, weak project leadership poor project control and reporting 
Project Team roles not detailed and documented  over-reliance on output of project management software 
poor communication between project participants scope changes 
vague task descriptions in the project plan Steering Committee role and responsibilities not defined 

Fig. 12.42 Pitfalls of project management

holes, we managed to keep the project afloat. He didn’t look for a solution, let alone
find one. Early in Phase 3, the Project Sponsor stopped the project.

12.5.2 Pitfalls of Project Management

Project Management is an essential activity in PLM Initiatives. From experience in
many Initiatives, lessons can be learned about success factors (Fig. 12.40). Experi-
ence can also be used to identify the potential pitfalls for Project Management in a
PLM Initiative (Fig. 12.42). It’s good to be aware of them, and then avoid stumbling
into them.

12.5.3 Top Management Role with Project Management

12.5.3.1 Guidance About Goals and Changes

Top management sets the project goals. The Project Manager is expected to make
sure that the goals are achieved. It’s important that the Project Sponsor takes the time
to make sure that the Project Manager really does understand the goals. And if the
Project Sponsor makes any changes to the goals, it’s important that these are fully
understood by the ProjectManager. The goals of the Initiative need to be articulated in
a clear, confusion-free and concise manner. Clear goals will be better understood by
the Project Manager. They also make it easier for top management to track progress
and make sure the goals are achieved.

12.5.3.2 Encourage Project Planning

It may seem unnecessary to create a project plan. However, as President Eisenhower
put it, “In preparing for battle, I have always found that plans are useless but planning
is indispensable.” Planning is useful. Discussing what’s needed, and anticipating
what could happen, helps to avoid pitfalls, focus on important activities and carry



440 12 PLM and Project Management

them out in the most effective way. Good planning reduces waste as it identifies
exactly what is needed for each task.

Planning is important, even though it’s very unlikely that activities will occur
100% according to plan. As Robert Burns put it in 1785,

The best laid schemes o’ mice an’ men

Gang aft agley,

An’ lea’e us nought but grief an’ pain.

12.5.3.3 Only Start with a Good Chance of Success

Top management shouldn’t start the project unless it’s very clear, at launch time, that
there’s a good chance of success. Project failure will waste time and money, disrupt
everyday business and demotivate a lot of people. If it’s not clear that the project
will succeed, then wait a while. Situations change and will be looked at differently.
Come back to the subject of PLM when the likelihood of success is higher.

12.5.3.4 Create a Suitable Organisation

Topmanagement should make sure that the project is correctly organised and staffed.
Top management is much better equipped to do this than the people in the project.

12.5.3.5 Get Involved and Stay Committed. Take Responsibility

In today’s highly competitive global environment, many business executives feel
that they’re already overloaded with responsibility and work. They may not want to
get involved with a subject such as PLM that can seem unclear in both scope and
potential benefit. And the enterprise-wide character of PLMmay lead them to decide
that it doesn’t lie in their particular domains of responsibility. However, due to the
enterprise-wide scope of PLM, it’s at the top management level that action has to be
taken if the expectations of PLM are to become reality.

Top management involvement and commitment are key success factors in a PLM
Initiative. Top managers should track project progress, and ensure the project stays
on track, on time, on budget and on scope. If things aren’t working, they should
take action to put the project back on track. If the project faces a major issue, top
management must take responsibility and take charge.

12.5.3.6 Support and Develop the Project Manager

The Project Sponsor should select a suitable Project Manager, then provide feedback
and support. They should create a partnership with the Project Manager so they
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both know what needs to be achieved and how to achieve it. The Project Sponsor
should create a shared understanding about goals, and inspire the Project Manager to
success. The Project Sponsor will only benefit by developing the Project Manager’s
capabilities to solve problems and make decisions. The more the Project Manager
can do, the less the Project Sponsor will need to do.

12.5.3.7 Champion the Project at the Executive Level

The Project Sponsor should sell the project to stakeholders at executive level, and
convince them of the PLM vision and strategy. Information about the Initiative and
its goals should be shared. The Project Sponsor should network on behalf of the
Initiative with Steering Committee members and other executives.
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Chapter 13
Executive Activities in PLM

13.1 This Chapter

13.1.1 Objective

The objective of this chapter is to give a basic introduction to executive roles and
activities as they relate to a company’s PLM environment and PLM Initiative. This
introduction will help those in a company’s PLM Initiative to understand executive
topics and to participate more fully in the PLM Initiative. It’s important to understand
the activities in a PLM Initiative that are the responsibility of executives. For various
reasons, there are many things in a PLM Initiative that only executives can do. For
example, they will best understand the company’s objectives, and the corresponding
targets. There are also many things that other people will expect executives to do,
and if executives don’t do them, then they won’t get done. This chapter also aims to
give students, who are taking a PLM course, a basic understanding of the roles and
activities of executives in the PLM environment.

13.1.2 Content

The first part of the chapter introduces the roles of executives in general. It high-
lights ten roles of executives. The second part of the chapter focuses on the roles of
executives in the PLM environment. In particular, it describes the roles of the CEO,
the PLM Initiative Sponsor, the PLM Initiative Steering Committee and the PLM
Initiative Leader. The third part of the chapter describes terms that are likely to be
used by executives in the context of PLM. Terms such as mission, vision, objectives,
strategy and plan. The fourth part of the chapter addresses objectives, vision and
strategy in more detail. The fifth and final part of the chapter outlines the financial
justification of a PLM Initiative, another subject of executive interest.
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13.1.2.1 Skills

This chapter will give students, who’ve been assigned this book, a basic understand-
ing of the roles of executives in the PLM environment. They’ll learn why executive
involvement is important. They’ll be able to explain, communicate and discuss exec-
utive roles and activities in a PLM Initiative.

13.2 Ten Roles of Executives

“Role” has two different meanings. One of these meanings is the function that some-
one has in a particular situation. With this meaning, there are four main executive
roles in a PLM Initiative. These are those of the CEO, the PLM Initiative Sponsor,
the PLM Initiative Steering Committee and the PLM Initiative Leader.

The other meaning of “role” is the expected behaviour associated with a particular
position. With this meaning, in my experience, executive roles in PLM Initiatives are
similar to executive roles in any other situation. There are ten roles expected of an
executive (Fig. 13.1).

13.2.1 Maintain Awareness and Provide Vision

The first role of the executive, the first expected behaviour, is to maintain awareness
and provide vision. Executives need to know both where the company is, and where
it’s going. Executives are expected to know why the company exists, where it is now
and where it’s been. This requires them to maintain constant awareness of the com-
petitive landscape, customers, markets, new industry and technology developments,
improvement opportunities and so on. Executives are also expected to know where
the company is going, and why. They need to create and communicate the company’s
vision and overall direction.

1 Maintain awareness and provide vision 6 Ask questions, give answers
2 Set business objectives and values 7 Identify and develop leaders
3 Oversee company governance 8 Monitor progress and measure outcomes
4 Lead 9 Take decisions and corresponding action
5 Represent and communicate 10 Hold accountable and provide recognition

Fig. 13.1 Ten executive roles
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13.2.2 Set Business Objectives and Values

Knowing where the company is, and where it needs to go, executives can set business
objectives and define core values. Objectives have to be defined in such a way that
the corresponding outcomes can be measured. Otherwise, nobody would know if the
objectives have been achieved. Goals may be defined in different ways, for example,
as percentage performance improvements.

13.2.3 Oversee Company Governance

The next role of the executive is to oversee company governance. The governance
of a company includes all of its governing structures and processes. This includes
designing the company in such a way that it meets its objectives and achieves its
mission. It includes developing strategies and launching corresponding activities. It
includes theway that actions, policies and roles are structured and applied. It includes
the definition of roles and the relationships between them. It includes the supervisory
and overseeing activities of making sure that the company operates as intended.

13.2.4 Lead

The next role of the executive is to lead. There are several facets to the executive role
of leadership. One is to motivate and inspire. Another is to be a role model, to show
the way, to lead by example, not by theory. Another facet is to guide and direct the
work of others. Other facets of the leadership role are to have a positive, enthusiastic,
confident attitude and to launch key activities for the company’s future.

13.2.5 Represent and Communicate

Another executive role is to be a figurehead, a spokesperson, a representative. An
executive represents the company in many situations, both within the company and
externally. Externally, they may represent the company in situations with sharehold-
ers, suppliers, industry organisations, local and national government and so on. The
executive has a role to communicate with awide range of people and entities, keeping
them informed as appropriate.
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13.2.6 Ask Questions, Give Answers

Executives have a role of asking questions and a role of providing answers. Executives
need to ask questions to find out what’s happening. Indirectly, asking questions
encourages others to keep aware. Good questions will help them see new ways of
solving problems and making progress. Executives need to give answers. Again, this
can help people to move forward in specific circumstances. It’s also important to
reinforce understanding of vision, goals and values.

13.2.7 Identify and Develop Leaders

Identifying and developing leaders is another key role of executives. Executives need
to look for, and to find, more leaders to help the company achieve its current goals
and to continuously succeed. Most of those found will need to be further developed.
Executives need to put in place mechanisms to ensure continuous development of
their leadership skills.

13.2.8 Monitor Progress and Measure Outcomes

Executives have roles to set objectives and develop strategies, and to launch important
company activities. They also have a role to monitor the progress and measure the
outcomes of these activities. After activities have been carried out, the outcome needs
to bemeasured to evaluate the success of the company inmeeting business objectives.

13.2.9 Take Decisions and Corresponding Action

Executives have roles to set objectives, launch activities and measure activity out-
comes. Once the outcome is clear, executives need to decide what to do next. They
need to make informed decisions quickly. They need to take appropriate action when
the actual outcome differs from the requirement. And make sure it happens.

13.2.10 Hold Accountable and Provide Recognition

Executives have a role to hold company employees accountable for their actions.
This may be through reward and recognition, or through something less pleasant.
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13.3 Executive Roles in PLM

The previous section looked at executive roles in general. And it looked at “role”
with the meaning of expected behaviour. This section looks at executive roles in
PLM Initiatives and in the future PLM environment. And it looks at “role” with the
meaning of particular functions.

13.3.1 Roles in the Future PLM Environment

In the future PLM environment, responsibility for the company’s products will be
with the Chief Product Officer (CPO). The CPO will have the responsibility to
develop the strategy and plan for products and product-related policies (for example,
for platform products, modular products and part re-use), and to achieve the targets.
The CPO will report to the CEO, as do the CFO and the CIO. In the future company
organisation, there’ll be one executive responsible for each key part of the business.
Finance will be the responsibility of the Chief Financial Officer (CFO). Information
will be the responsibility of the Chief Information Officer (CIO). The CIO will be
responsible for the IS architecture and infrastructure that enables effective product
lifecycle management. Aligning information technology decisions with the PLM
needs of the business will help drive the company forward.

13.3.1.1 Product Family Teams

In the future PLM environment, there’ll be cross-functional Product Family Teams.
Each of these Teams will focus on a single product family, so will have a great
understanding of the activities related to that product family. The Team will see how
these activities can be improved and where most value can be added. The business
processes that the Teamwork inwill be continuously improved. Information flowwill
be organised to meet the needs of the process. The Teamwill become more and more
competitive. Its products will be closer and closer to customer requirements. Because
they’ll focus on one product family, Teammemberswill know their products in depth.
Through training and experience, they’ll know how to make a valuable contribution
to the product. A Product Family Team will be led by a Product Manager. Product
Managers will report to the CPO.

13.3.2 PLM Initiative Roles

The leading roles in the PLM Initiative will be the CEO, PLM Initiative Sponsor, the
PLM Initiative Steering Committee and the PLM Initiative Leader.
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13.3.3 CEO

CEOs expect PLM to increase revenues and earnings by bringing better products to
market faster, and by extending the lives of mature products. They look to PLM to
provide visibility and control over products, ensuring that there are no unwanted sur-
prises. They look to PLM to maximise product value over the lifecycle, to maximise
the value of the product portfolio and to reduce risk.

More than 30% of a company’s business processes may be within the scope of
PLM. More than 30% of the people in the company may work in these processes.
So it’s not surprising that CEOs want to play a role in PLM Initiatives.

CEOs aren’t expected to be interested in all the low-level technical details of
a PLM Initiative. They’re likely to want to be involved with high-level business
issues. For example: selecting or confirming the Initiative Sponsor; defining or con-
firming business objectives; signing off the PLM Initiative Charter; confirming the
governance; confirming the PLMVision; and authorising the investment in the PLM
Initiative.

Then, throughout the PLM Initiative, the role of the CEO could include: having
regular meetings with the Initiative Sponsor; maintaining awareness, and ensuring
progress is being made; being informed when each phase is completed; authoris-
ing any major changes in scope; being available for discussions with the Initiative
Sponsor on an as-required basis.

13.3.4 PLM Initiative Sponsor

The PLM Initiative Sponsor, a senior executive, will have the most senior role in the
Initiative. The sponsor will have ultimate authority, and be responsible and account-
able to the CEO for the delivery of the benefits planned for the Initiative. Throughout
the Initiative, the sponsor will lead the Initiative and keep the focus on achieving the
business objectives. The sponsor will represent the PLM Initiative, and communi-
cate with stakeholders. In particular, they’ll communicate and work with the Steering
Committee. The sponsor will ensure the governance framework and mechanisms are
documented, communicated and applied. They’ll confirm the Initiative’s objectives,
ensure Initiative funding is available, agree the plan and ensure Progress Indicators
are in place. They’ll report progress to the CEO. They’ll provide direction, advice
and support to the Initiative Leader.

During the Initiation and Planning Stages of the PLM Initiative, the sponsor will
set, or confirm, the Initiative objectives. They’ll: appoint the PLM Initiative Leader;
ensure the Initiative governance is in place; agree the initial plan and expenditure;
oversee the development of the PLM Initiative Charter; and ensure Initiative Progress
Indicators are defined.

During the Execution Stage of the PLM Initiative, the sponsor will: ensure risks
and issues are described, tracked, addressed and resolved; keep aware of progress;
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assist with major issues, problems and conflicts; address proposed scope changes;
chair meetings of the Steering Committee; and review deliverables at the end of each
phase of the Initiative.

13.3.5 PLM Initiative Steering Committee

The PLM Initiative Steering Committee will be made up of high-level executives
from the key organisations involved in the development and support of products
across the product lifecycle. As well as the CPO, it will include representatives
from departments such as Marketing, R&D, Engineering, Manufacturing, Service,
Recycling, IS, Quality and Finance. The PLM Initiative Steering Committee will
provide business and technical input for the Initiative. It will support the sponsor
in the overall direction and management of the Initiative. It will advise on scope-
related matters. Its members will: allocate resources to the Initiative from their parts
of the company; support the Initiative in achieving its objectives; resolve any Initiative
issues related to their parts of the company; support the sponsor in decision-making;
and participate in approving progress from one Initiative phase to the next.

13.3.6 PLM Initiative Leader

The PLM Initiative Leader will lead the PLM Initiative with the aim of introducing
highly effective and successful PLM. They’ll work closely with the CPO and the
CIO. The PLM Initiative Leader will be given authority by the sponsor to lead the
Initiative on a day-to-day basis. They’ll be responsible to the sponsor for on-time, on-
budget achievement of the Initiative’s goals. Initially, they’ll need to understand the
Initiative’s goals, and its time, cost and other resource constraints. Then they’ll need
to prepare the Initiative governance and the PLM Initiative Charter. The Initiative
Leader will: clarify the activities required to achieve Initiative objectives; prepare
the Initiative plan, detailing expected deliverables; identify potential Initiative Team
members; build Initiative Teams; and assign Teammembers to tasks. During the Exe-
cution Stage of the PLM Initiative, the Initiative Leader will: manage the Initiative
on a day-to-day basis; manage and lead the Initiative Team; on-board Team mem-
bers; manage training activities for Team members; and motivate and coach Team
members. The Initiative Leader will hold Team meetings; monitor progress against
plans; develop and maintain detailed plans; record and manage risks and issues; pro-
vide status reports to the Initiative Sponsor; prepare Steering Committee meetings;
participate in Steering Committee meetings; and document deliverable and phase
acceptance.
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13.3.7 Governance

There’s not an international standard set of roles for PLM Initiatives, so the roles
for each PLM Initiative have to be defined, documented and communicated. They’re
part of the governance for the Initiative.

The Initiative governance is the overall set of rules, roles, rights, policies, proce-
dures, structures and responsibilities that governs the Initiative’s activities. It’s the
management, organisational and operating framework for the Initiative. It describes
the main organisational entities in the Initiative (e.g. Steering Committee, Initia-
tive Team) and the relationships between them. It describes the participants in the
PLM Initiative (e.g. Stakeholder, Initiative Leader, Subject Matter Expert) and the
relationships between them. It describes the Initiative’s stages.

Most of the Governance’s policies will describe how things should be done. But
there should also be policies addressing what to do if things go wrong.

13.4 Executive Vocabulary

It can be confusing trying to develop a coherent approach to PLM because of the
different ways in which some keywords such as vision, mission, objectives, strategy
and plan are used and understood. This section explains their use here. The overall
hierarchy of objectives, visions, strategies and plans is shown in Fig. 13.2.

The mission is at the highest level. It’s the special task or purpose of a company. It
describes the purpose of a company. However, it doesn’t say what has to be achieved
to carry out this task. Or how it will be achieved. The objectives are closely linked
to the mission. They express at a high level what must be achieved to carry out
the mission. The strategy describes the way to achieve the objectives. It defines how
resources will be organised. It defines the policies that will apply for themanagement
and use of resources. After the strategy comes the plan. Once the strategy has been
defined, it’s possible to start planning detailed activities and resources. After the plan
comes the implementation.

Fig. 13.2 From mission to
plan
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13.4.1 Mission

Webster’s New World Dictionary defines a mission as “the special task or purpose
for which a person is apparently destined in life”. In the business context, it can be
defined as “the special task or purpose forwhich a company is destined”. For example,
the following text appeared in a document “Our Mission and Our Commitment”
produced by the Coca-Cola Company:

In February 1989, Coca-Cola formulated its mission for the 1990s. The mission reads:

We exist to create value for our share owners on a long-term basis by building a business that
enhances The Coca-Cola Company’s trademarks. This also is our ultimate commitment.

As the world’s largest beverage company, we refresh the world. We do this by develop-
ing superior soft drinks, both carbonated and non-carbonated, and profitable non-alcoholic
beverage systems that create value for our Company, our bottling partners and our customers.

This is a mission statement. It describes the purpose of the company.
There’s a big difference between strategy and mission. A mission describes the

purpose. Whereas a strategy describes the way to achieve objectives.

13.4.2 Objectives

According toWebster’s NewWorld Dictionary, objectives are “the aim or goal aimed
at or striven for”.

13.4.3 Vision

TheOxford English Dictionary defines a Vision as: “Amental concept of a distinct or
vivid kind; an object of mental contemplation, especially of an attractive or fantastic
character, a highly imaginative scheme or anticipation”.

Webster’s New World Dictionary gives a similar definition of Vision: “A mental
image especially an imaginative contemplation”.

In the industrial context, a Vision will be a mental image of something in the
future. A Vision describes the future state of something, so it’s very different from a
strategy which describes the way to achieve objectives. It’s also very different from
a mission. A mission describes a purpose.
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13.4.4 Strategy

Originally the word “strategy” was used in a military context. The word itself comes
from the Greek word for a General. In many dictionaries, “strategy” still has a pri-
marily military definition. According to Webster’s NewWorld Dictionary, “Strategy
is the science of planning and directing large-scale military operations, specifically
(as distinguished from tactics) of manoeuvring forces into the most advantageous
position prior to actual engagement with the enemy”. This is the original context
of military strategy, preparation for a battle. In the nineteenth century, views of war
changed. Carl vonClausewitz, a leading influence onGerman strategy, sawwar as the
continuation of diplomacy. War became more than a question of battles. It affected
everything a country did. This wider view of military strategy can be seen in other
definitions. For example, according to the Encyclopaedia Americana, “Strategy in its
general sense is the art and science of developing and employing the political, eco-
nomic, psychological and military forces of a nation”. Another definition of military
strategy is “In warfare, strategy is the science or art of employing all the military,
economic, political and other resources of a nation to achieve the objectives of war”.

The following definition reflects the fact that strategy is no longer confined to
the military environment. “A strategy is a general method for achieving specific
objectives. It describes the essential resources and their amounts which are to be
committed to achieving those objectives. It describes how resourceswill be organised,
and the policies that will apply for the management and use of those resources”.

13.4.5 Plan

The Oxford English Dictionary gives two definitions of a Plan. The first one is: “A
diagram, table or program indicating the relations of some set of objects or the times,
places etc. of some intended proceedings”. It then gives an example of the use of this
meaning in 1807 by J. Nightingale:—“A local preacher’s plan is a paper properly
divided and subdivided into columns and squares onwhich the names of all preachers
are inserted, the respective places of their preaching appointments, and the dates of
the month”.

This is the definition of a plan as a graphical display in which activities and
responsibilities are shown.

The Oxford English Dictionary also gives the following definition of a Plan:
“A formulated or organised method according to which something is to be done; a
scheme of action, project design; the way in which it’s proposed to carry out some
proceeding”. Webster’s New World Dictionary gives a similar definition of a Plan:
“A detailed method, formulated beforehand, for doing or making something”.

This definition defines a plan as a detailed method of doing something. Clearly,
this isn’t a mission (which is a purpose), or a vision (which is a mental image), or
an objective (which is an aim). However both “strategy” and “plan” describe how
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to do something. The main differences are that a strategy is at a much higher level
than a plan, and that the strategy is broad-brush. It’s “a way to achieve objectives”.
Whereas a plan is “a detailed method”.

13.4.6 Tactics

The word “tactics” comes from the word “taxis” used by the Greeks to describe a
military formation led by a “strategus”. It was used in the seventeenth century to
mean “the art of disposing any number of men into a proposed form of battle”. Once
decided, military strategy directs tactics, the use of weapons in battle. Strategy and
tactics impose demands on logistics, the use of resources.

13.4.7 Policy

A policy is a general rule or set of rules laid down to guide people in making their
decisions. For example, when faced with a situation of Type A, then do X.

A policy is a general guideline that will help people in the company to make
decisionswithout continually referring back to topmanagement for guidance. Typical
subjects of policies include the use of technology, supplier relationships,management
span, quality, investment in new equipment, recruitment, salaries and benefits, and
training. Policy statements could address areas such as those shown in Fig. 13.3.

A strategy addresses the key areas where the organisation will strive to gain a
competitive advantage. A strategy has to be simple and concise, otherwise it will
be impossible to implement successfully. A strategy doesn’t aim to describe all the
detailed issues that may arise in the product lifecycle environment. The issues which
aren’t explicitly addressed in the strategy document can be addressed with policy
statements.

Subject Questions addressed by policy statements

Technology
leader or follower?
maturity level for use?
develop proprietary technology or use commercially available technology?

Quality
prevention or inspection?

Suppliers
long-term relationships or decisions based solely on contract price?

Equipment
purchase authorisation levels?

Culture
management-driven or worker empowerment?

Fig. 13.3 Some questions addressed by policy statements
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13.4.8 Key Performance Indicators

Key Performance Indicators are parameters used to measure and quantify an impor-
tant feature of an entity. It’s often said that you can’t manage what you can’t measure,
and without KPIs it’s difficult to describe an entity, set targets and monitor progress.
For each KPI there’s a current value and there can be target values for the future. For
example, the current value of the headcount metric could be 50 people and the target
for 2025 could be 100 people.

The following text is from the 1993 Annual Report of Varian Associates, Inc. It
illustrates some of the KPIs being used. It shows the past, current and target values.

Our goal remains to make Varian a world-class organisation that delivers world-class results.
Although we are by no means at that stage - yet, noteworthy progress is being made. The
following examples illustrate how we are moving ahead with each of the five key concepts
that drive our strategy to achieve Operational Excellence.

Customer Focus. On-time delivery has moved up from around 50% in 1989 to nearly 90%,
with several of our operations now routinely delivering everything on time.

Commitment to Quality. Our cost of quality (scrap, rework, warranties, etc.) continues to
fall and is now approaching 10%, a quality cost saving of well over $20 million annually
over the past two years.

Fast, Flexible Factories. Cycle time in our factories has been slashed by two-thirds, from
around 150 days to an average of 50 days.

Fast Time to Market. Product development cycles have been compressed on the order of
50-60%, reducing a process that often took years down to a matter of months in many cases.

Organisational Excellence. Our organisations are flattening out, replacing slow-moving
bureaucracies with more flexible structures where only one or two layers separate a business
unit’s general manager from its manufacturing employees on the line.

13.4.9 Coherence

The mission, objectives, vision, strategy, plan and KPIs need to be coherent. They
need to fit together. That way, the end result of the chain from company objectives
through PLM objectives, vision, strategy, plan and implementation will be that the
PLM objectives are met, and correspond to company objectives.

13.5 Objectives, Vision, Strategy

13.5.1 Objectives

Knowing where a company is, and where it needs to go, executives set objectives.
These have to be defined in such a way that the targeted outcomes can be measured.
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Otherwise, no one would know if they had been achieved. In the PLM context, one
objective could be to reduce Time to Market. But that sentence alone is vague. There
also needs to be a definition of exactly how Time to Market is measured. And there
needs to be a target, such as an annual reduction of 10%.

A company’s PLM objectives express at a high level what’s expected from PLM,
what must be achieved. They’re a statement of what the company wants to achieve,
what it’s aiming at. At the highest level, the objective of PLM is to increase product
revenues, reduce product-related costs, maximise the value of the product portfo-
lio and maximise the value of current and future products for both customers and
shareholders.

The PLM objectives need to be aligned with business objectives. Defining the
objectives, “where the business should be in the future”, is an executive responsibility.
Only executives have the necessary strategic business focus to define PLMobjectives.
The PLM Initiative looks at the long term, it’s related to future company performance,
it may have high costs, and there’s a need to prioritise activities. Only executives have
the knowledge and experience to make the right decisions.

Based on its objectives and input from executives, a company could develop the
following annual objectives for PLM: Cost of Quality (COQ) reduction of 10%;
cost reduction of 5%; Time to Market (TTM) reduction of 10%; introduction of at
least one significantly innovative product; 5% organic growth in value of the product
portfolio; 15% growth in value of the product portfolio by acquisition.

Figure 13.4 shows some important reasons for developing and setting objectives.
Objectives have some special characteristics (Fig. 13.5). These are worth remem-

bering when selecting and defining objectives.

A company’s objectives for PLM drive all its PLM activities. 
The process of developing the objectives helps get to common shared agreed objectives.
Objectives show what a company is going to do to. They express and communicate expected outcomes
Objectives focus attention on what a company wants to achieve, everyone will have clear targets in sight
Objectives are a starting point for measuring progress
Objectives are a starting point for developing a strategy, and then a plan 

Fig. 13.4 Reasons for developing and setting objectives

Specific defining exactly what the objective is in a particular situation  
Quantified otherwise they’ll be vague and of little value
Measurable so they can be quantified and used to track progress
Documentable so they can be written down as the basis for discussion, agreement and communication
Timely the objective is to achieve something within a given time
Consistent if there’s more than one objective, they mustn’t contradict each other 

Fig. 13.5 Characteristics of objectives
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13.5.2 Vision

APLMVision is a high-level conceptual description of a company’s product lifecycle
activities at some future time. It’s difficult to look further into the future than a few
years. So it’s appropriate to develop a vision of what PLM will look like five years
in the future.

A PLMVision represents the best possible forecast of the desired future situation
and activities. A PLM Vision outlines the framework and major characteristics of
future activities. It provides a Big Picture to guide people in the choices they have to
make, when strategizing and planning, concerning resources, priorities, capabilities,
budgets and the scope of activities. There’s a saying, “a ship without a destination
doesn’t make good speed”. Without a PLM Vision, people won’t know what they
should be working towards, so won’t work effectively.

Companies need a clear PLM Vision so they don’t drift along, going wherever
external forces are pushing them.People in the companyneed a clear agreedPLMdes-
tination that everyone can work towards. A PLMVision for the company will enable
all PLM participants and decision-makers to have a clear, shared understanding of
the objectives, scope and components of PLM. It’s a good basis for future progress.
A PLMVision is a focal point for everybody in the company that says: “this is where
we’re going”. The Vision is a useful basis for communication about PLM between all
those involved with PLM, such as executives, IS managers, Product Managers, prod-
uct developers, service staff, recycling managers and other stakeholders. It allows
everybody to “work from the same book” and “sing from the same page”.

13.5.2.1 Basic Points About the PLM Vision

A PLM Vision will be company-specific. Without knowing a particular company
in detail, it’s not possible to say what its PLM Vision should be. For example, the
Vision of an organisation that produces millions of identical electronic components
would be expected to be different from that of an organisation that makes customised
forgings.

A PLM Vision is built on the assumption that the company wants to carry out its
product lifecycle activities as effectively as possible. Organisations don’t proactively
set out to perform badly.

A Vision must make sense to others. It has to be unambiguous and easily under-
standable. It must be believable and realistic, although it may appear to be at the
limits of possibility. It must relate to the world of its readers, so that they can find a
place for themselves within it. The Vision has to be as realistic and clear as possible.
Otherwise, it’s not going to be useful.

Although a Vision may sound as if it’s ghostly and immaterial, the PLM Vision
needs to be concrete, clear, complete, consistent and coherent. It needs to be under-
standable and meaningful to different types of people in the company. It needs to
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provide people at different positions in the company with different levels of detail.
A Vision that’s incomplete isn’t going to result in much progress.

The PLM Vision helps communicate to many different people an overview of
what PLM is, and what it will be, why it’s important, and how it will be achieved.
The Vision has to be communicated to everybody likely to be involved in the future
product lifecycle activities or impacted by them. It wouldn’t make sense to have a
Vision that’s only accepted or understood by its inventor.

There has to be a consensus about the Vision. A shared Vision helps everybody
to move forward along the same road towards a successful situation and effective
lifecycle activities.

The purpose of the Vision is to document and communicate the focus, require-
ments, scope and components of PLM. It communicates the fundamental “what’s,
why’s and where’s” of PLM, and provides a framework against which decisions
can be taken. The Vision will make it easier to carry out all the activities that are
needed across the product lifecycle to successfully develop and support products.
It will guide people through PLM strategy setting and planning, and help with the
deployment of PLM.

A PLM Vision is the starting point for developing a PLM Strategy, and for devel-
oping and implementing improvement plans. In the absence of a shared Vision,
people won’t have a common picture of the future to work towards, so plans and
improvement initiatives might be unconnected or even in conflict.

A Vision should be built by a team of people working part time on this task over
a period of a few months. It doesn’t involve the acquisition of any equipment or
the implementation of any software. It’s a relatively low-cost activity, much less
expensive than real-life implementation. Once the Vision exists, it can be used as
a support for simulation of various options, again at much lower cost than real-life
implementation.

The Vision is the best estimate for the future. It’s the most likely Vision out of an
infinite number of possible Visions. It’s unlikely that the Vision will be the reality
in 5 years. Most likely, new opportunities will arise over the 5 years and lead to a
different reality. And, during the 5-year period, the company will be in intermediate
states on the way to the Vision, rather than in the Vision state itself.

13.5.2.2 Position of the PLM Vision

APLMVision isn’t an independent stand-alone entity. It has to fit with the company’s
overall vision of its future, its mission and its objectives. Upstream of the Vision are
the company’s objectives, vision, strategies and plans.

The PLM objectives result from the requirements of the company. They express
at a high level what’s expected from PLM. In some companies, PLM objectives may
not be provided by top management, or may not be quantified. In such cases, it’s up
to PLM management to develop them and get them confirmed by top management.
Some examples are shown in Fig. 13.6. Sometimes, at the beginning of the visioning
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“we want total control of our products across the lifecycle from cradle to grave”
“the environmental footprint of our products must be the lowest in the sector”
“we want to be among the fastest product developers in our industry”
“our PLM activity must rank among the 100 most successful in the world”
“we want to eliminate four low-margin products in the next five years, and then be 
introducing 6 new and 10 upgraded products each year in the US”

Fig. 13.6 Potential objectives for PLM

process, there may not be any stated objectives, and these will only become clear as
the vision is developed.

One of the first steps towards the PLM Vision is to understand the scope, range
and content of product lifecycle activities. The internal and external influences on
PLM need to be clarified. Then the Vision of the future PLM environment can be
developed. This will provide a picture of the environment, scope, performance and
behaviour of the product lifecycle activities that are expected in the future.

The PLM Vision will include a description of the future PLM Strategy, the way
that PLM resources will be organised in the future. It will include policies for the
future management and use of PLM resources. It will act as a guide to everyone in
the organisation who is involved in making decisions about the future. It will set the
scene for all the improvement initiatives that will follow.

Once the PLM Vision and PLM Strategy have been agreed, a suitable Implemen-
tation Strategy has to be developed to achieve it. Once the Implementation Strategy
has been defined, it’s possible to start planning detailed implementation activities.
The resulting plans will address topics such as applications, modifications to the life-
cycle processes, information and organisational structures. Individual projects will
have to be identified, and their objectives, action steps, timing and financial require-
ments defined. The relative priorities of these projects will have to be understood.
The projects will have to be organised in such a way that they result in the Vision
being achieved within the allowed overall budget and time scale. When planning is
complete, implementation can take place.

The process of developing a PLMVision, the PLMStrategy and the related Imple-
mentation Strategy and plan, is easier to describe than to execute. In practice, it
requires a lot of work with, initially, little to show for all the effort. When all the
work has been carried out, there should be a very clear and simple link between
Vision and implementation. In fact, it should look so simple that people who didn’t
participate in the process won’t believe that it really was so difficult, and took so
much time and effort.

13.5.2.3 Reasons for a PLM Vision

You may be wondering if it’s really necessary to have a vision. So here’s an example
to demonstrate its importance. Imagine you ask me to book your next vacation. Sure,
I say. But since you’ve told me nothing, I have no idea of what you’re thinking of.
Lake Jocassee perhaps? No? So tell me, are you thinking of a vacation by the sea, in
the mountains, perhaps a city break? I don’t know. Youmay not have a great vacation
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unless you can share with me a high-level description of your vacation activities! Oh,
OK, you’d like a vacation by the sea. Well, that gives me some idea. But what are
you thinking about? Underwater, diving, lying on the beach, swimming, going out
on a boat, fishing or cruising in the Antarctic? And how do you want to get there?
And are you going alone? And when do you want to go? Summer, winter?

It’s the same with a company saying they’re going to implement PLM. Unless
they develop and communicate a vision of what they want to do, nobody will know
what the expectations are, and it’s likely that everyone will see things differently.

There are also other reasons for developing a PLM vision. A vision gives all PLM
participants and decision-makers a clear, shared understanding of the objectives,
scope and components of PLM. The vision is a Big Picture that will help people
visualise the future. Developing the vision helps get consensus. It helps show what’s
missing, andmakes sure that everything is included. The vision gives everyone a clear
agreed PLM destination to work towards. The vision creates a framework against
which decisions can be taken. Without the vision, people wouldn’t know where
they’re going, or what changes may be made, so wouldn’t be able to take reasoned
decisions about what they should do in the future.

Once the vision is developed, it should answer the questions that people will have
had about PLM. Questions such as: What’s in PLM?What’s not in PLM?What will
PLM look like for us? How will it differ from today’s world? What resources will
be needed? What products will be managed?

Questions like these show how important it is to create and communicate a clear
picture of the future PLM environment. Otherwise many of these questions are likely
to go unanswered. And it’s unlikely the vision will be achieved.

Visions have some special characteristics (Fig. 13.7). These are worth remember-
ing when developing a vision.

And now a look at what can happen in the absence of a PLM vision (Fig. 13.8).
And now some reasons for executive involvement with visioning (Fig. 13.9).

A PLM vision describes, within the bounds of its mission, a company’s aspirations for the future. 
As it’s difficult to look accurately very far into the future, many companies develop a vision of what PLM will 
look like five years in the future. 
A PLM vision is a best estimate for the future. It’s unlikely it will correspond exactly to reality in the future.
A PLM vision must be documented. 
A PLM vision must be concrete, clear, complete, consistent, consensual and coherent. 
A PLM vision must be unambiguous, believable, realistic and easily understandable. 
A PLM vision must be company-specific. It’s specific to an individual company because it depends on the 
circumstances and resources of the company, and on its particular product-related environment. 

Fig. 13.7 Characteristics of PLM visions

Without a PLM vision, people won’t know to what they should be working, so they won’t work effectively
Without an agreed PLM vision, individual employees may have their own, conflicting views of PLM. These are 
unlikely to lead to required performance levels
Without an agreed PLM vision, decisions about PLM will be taken on an individual, uncoordinated, day-to-day 
basis
Without a PLM vision, a company will drift along. It won’t have an agreed destination towards which everyone can 
work. 

Fig. 13.8 In the absence of a PLM vision
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Executives need to be involved to ensure the strategic business focus is taken into account. Upstream of the PLM 
vision is the company’s business strategy. PLM needs to be aligned with business objectives. In most companies, 
only executives have a sufficiently broad understanding view of these.
It’s an executive role to take the lead and show the way. 
The Initiative is cross-functional, tough and risky. Without executive support and involvement it’s likely to fail. If 
things aren’t working out, likely only executives can put the Initiative back on track.

Fig. 13.9 Reasons for executive involvement with PLM visioning

13.5.2.4 Example of a Company’s PLM Vision

The following is a very brief overview of the relevant parts of a company’s vision
and objectives.

Our company is under pressure in a highly competitive, fast-changing, globalised
business environment. Going forward, our company has three strategic objectives:
profitability; growth and innovation. We aim to reduce costs by 3% per year. We aim
to increase revenues by 10% per year. We’ll grow organically and by acquisition. In
5 years’ time, we want to sell products and services in more than 100 countries. Our
objective is to have 40% of our customers in the US, 35% in Europe and 25% in the
Asia Pacific region. We want to increase our customer base by 30%. Our target is to
sell 3.7 million units. During the next 5 years we plan to introduce 30 new products.
The company R&D expenditure is planned to increase six points to 4.0% of revenues.
Our products will be more complex, with more electronic and software components.
Our products will be structured with platforms and modules. More options and more
customisation will be offered. The products are expected to be smarter, connected
and operate on the Internet of Things. Our products will respect the environment.
They’ll increasingly satisfy our customers, who will acquire and use more of them.
We want to be known as a technology leader and a leader in our industry. We’ll be
on the leading edge for new technologies such as those of Industry 4.0.

We’ll adopt a strategy of Managed Complexity and Change (MCC). We’ll focus
on managing our portfolio of products, our product deployment capability, customer
requirements, product architecture, supplier management, system integration, final
assembly and customer feedback.We’ll work in a collaborative, Extended Enterprise
environment, and outsource to the best development, realisation and support part-
ners. We won’t make commodity parts and assemblies. However, we may develop
and realise strategic or complex components, aswell as those using new technologies.
We’ll define major assemblies for our products, but detailed product design will be
outsourced. Ten of our partners will provide more than 50% of the parts for our prod-
ucts. These partners will also do a lot of product development work. We’ll balance
costs between dollar, euro and yuan regions. We’ll maintain some manufacturing
facilities for strategic activities. However, as much as 80% of product manufacturing
will be outsourced. Product support activities will be distributed across the world,
wherever customers are located. Customers will be able to buy our products on all
continents as well as online from our e-catalogue and our online shops.

Due to global pressures and company plans, wewon’t be able to work in the future
aswe did in the past. In the expected future fast-changing, highly competitive product
environment, we’ll need to have great products that leave competitors far behind.
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We’ll need a great product deployment capability. We’ll need to be continually in
control of our products. Our products will have to be ideated, developed, supported
and managed in a different way.

We’ll have a Product Lifecycle Management (PLM) approach to products.
The business processes that make up the overall product lifecycle will be defined

and documented. They’ll take account of international and industry standards, and
ensure required compliance. Our products and processes will respect the environ-
ment. Once the business processes and tasks are clear, we’ll define information
requirements, our needs for product data and its management. When our product
data is clearly defined, we’ll identify the information systems, and the interfaces
between them, that we need for people to do their everyday work. We’ll assign peo-
ple to the tasks on the basis of their skills, knowledge and competence. Our people
will need to have the right skills, be properly trained, communicate well, and under-
standwhere they fit in the process. A significant investment in trainingwill be needed.
The percentage of female and minority employees will be increased. They’ll help us
understand our customers better and advance our products and services better.

13.5.3 Strategy

A good, well-defined and well-communicated PLM Strategy is important. Perhaps
half of a company’s resources will be in the scope of PLM. But what’s the best way to
organise them to achieve the PLM objectives? What’s the best strategy? How would
you proceed in developing the PLM Strategy? You might look to see how strategies
are developed in general, what’s important, and what lessons have been learned. One
source of lessons learnedmight be case studies from industry. Another area that could
be worth looking at is the development of military strategies. One reason for this is
that the events were so large in scale that their description isn’t deformed by one
or two individuals trying to present their behaviour favourably. Another is that they
took place sufficiently long ago for there to be general agreement on objectives and
strategies. And most people will be familiar with the events described. And they’ll
have a general understanding of the overall issues. By looking at historical events, it’s
possible to see how strategies are developed and implemented, to see their results,
and to see how and why they change. The lessons learned can then be applied to
PLM Strategies.

13.5.3.1 Military Strategy

Histories of modern military strategy often start with Napoleon. Between 1796 and
1815, he dominated most of Europe. For hundreds of years before, no one had
achieved such domination. Napoleon had several strengths. After 1804, he was both
Emperor of France and commander of the French army, so he controlled both the
national and the military strategies. No other general at the time had such freedom.
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Napoleon also became very experienced. He fought more battles than other generals.
Napoleon fought in the name of Liberty. Many of the generals he defeated were
fighting in the name of despots. Until Napoleon’s time, battles were often formal
events requiring mutual agreement to fight and long set-up time. Napoleon, however
didn’t just bring his army to a place opposite the opposing army and wait until his
enemy was prepared for battle. He carefully selected battlegrounds advantageous to
his forces, rapidly concentrated all his forces for battle at a position where his enemy
was weak, and forced his enemy to fight by threatening lines of communication and
supply.

Carl von Clausewitz sawmany of the Napoleonic battles and wrote about military
strategy in “On War”. One of his theses was that “war is nothing but a continuation
of political intercourse with the admixture of different means”, in other words, an
extension of diplomacy. This leads to the concept of total war involving not only a
country’s army, but also civilians and economic resources. It also implies political
direction in military matters.

For Von Clausewitz, as for Napoleon, victory in war resulted from the destruction
of the enemy’s forces on the battlefield rather than themere occupation of territory. To
achieve this he identified three targets. These were the enemy forces, their resources
and their will to fight. According to Von Clausewitz, defensive warfare offered a
stronger position than offensive warfare.

Antoine-Henri Jomini, a contemporary of von Clausewitz, and a staff officer
of Napoleon, put forward his ideas of strategy in “Summary of the art of war”.
Unlike von Clausewitz, he favoured a strategy of occupation of territory rather than
destruction of the enemy. By the time of the American Civil War (1861–1865),
the effects of the Industrial Revolution were becoming apparent. Steam power was
widely used. Accurate long-range infantry rifles had been invented. The use of steam
power for rail and water transport changed the military equations of space and time.
As long-range rifles could wipe out a concentrated attacking force before it could get
to grips with a well-entrenched enemy, the tactic of frontal attack with concentrated
forces was abandoned. It was, however, used by Lee at Gettysburg, and the disastrous
result ended any hopes of victory for the South.

At the time of the American CivilWar, Prussia was growing in strength in Europe.
The Prussian commander VonMoltke agreed with von Clausewitz that battles are the
primary means of breaking the will of the enemy. But he didn’t agree that defensive
warfare offered the best position. He favoured the offensive. Speedy decisive action
with superior forces. This strategywas used successfully against theDanes,Austrians
and French. His successor, von Schlieffen, took this approach one stage further with
his strategy of annihilation, a decisive battle from which the enemy couldn’t escape.
While the Prussian generals were focusing on military strategies that focused on
victory by offensive action and decisive battle, other strategists such as Delbrück
and Mahan were looking at strategy in wider contexts. Delbrück proposed a strategy
of exhaustion inwhich the enemywasworn down by territorial occupation, blockade,
destruction of crops and destruction of commerce. Mahan proposed a change in US
naval strategy away from coastal protection and commerce raiding to command of
the seas.
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Some of the results of these strategies were seen in the First World War. Appar-
ently, the effect of advances in technology, which had already been clear in the Civil
War, hadn’t been fully understood by the strategists. The introduction of the machine
gun and field artillery had tilted the balance in favour of the defender, yet both the
French and German commands favoured offensive strategies. Von Schlieffen’s plans
for an annihilating attack against France were watered down by his successors. The
initial German attack in August 1914 failed to achieve its objectives. By November
1914, the opposing armieswere facedwith trenchwarfare inwhich awell-entrenched
defender held the upper hand. A long series of indecisive but costly battles followed.
None of the commanders appeared to grasp the futility of their offensive strategies.
One of the worst examples occurred at the Battle of the Somme on 1 July 1916. After
a week’s preparatory bombardment (alerting the Germans to a major offensive) the
British infantry attacked on a 15-mile front. Theymoved in formation, and at walking
pace, towards the German positions. By the end of the day, the British had 60,000
casualties, 20,000 of them dead.

The trench warfare lasted for 4 years, becoming a war of attrition in which the
naval blockade of Germany eventually played a large part in the Allied victory. By
the SecondWorldWar, new technologies were available, providing the possibility for
a very mobile attack capable of overcoming strong defences. As von Clausewitz had
foreseen, war then became as much a test of civilian morale and economic strength
as of military prowess.

The following sections help to illustrate military strategies in specific contexts:
the American Civil War; France; the English Channel; the Soviet Union; and the
Pacific Ocean. They show related success and failure factors, and provide the basis
for some “Lessons Learned”. These are useful input when developing strategies in
the context of PLM.

13.5.3.2 The American Civil War

TheAmerican CivilWar started at Fort Sumter on 12April 1861. TheNorthwouldn’t
accept that the Union could be divided. The Southern states believed the Union no
longer protected their rights and interests. The objective of the North was to prevent
the Confederate States from seceding from the Union. The objective of the South
was to attain independence.

The population of the North was 21 million. The population of the South was
9 million, of which 3.5 million were slaves. Over 80% of the factories were in the
North. So was 95% of arms production. About 75% of railroads were in the North.
The South couldn’t hope to achieve its objective by conquering the North, but in view
of its objective didn’t have to. Its strategy aimed to convince the North that forcing
the South to remain in the Union wasn’t worth the cost and to bring about foreign
intervention in its favour.

Whereas the Confederate president Jefferson Davis suggested a purely defensive
strategy tomeet the South’s objectives, others such as Robert E. Lee initially believed
the South had to carry the war to the North and defeat the Federal armies on their
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own ground. After the defeat at Gettysburg in July 1863, the South didn’t have the
resources for an offensive strategy, and with no sign of foreign intervention, it went
on the defensive.

To achieve its political objective, the North had to conquer the South. It had to
invade, capture and control vital areas and cities. It had three major military aims.
The first was to isolate the South. The second was to cut the South into two parts,
East and West of the Mississippi. The third was to capture Richmond, the South’s
capital. In spite of the South’s long coastline, the first aim was largely achieved by
1863. The second aim was achieved in July 1863 when Ulysses S. Grant captured
Vicksburg after a long siege, cutting the Eastern part of the South off from supplies
in the West.

After the failure of the attack on Petersburg and Richmond on June 1864, the
North changed its aim to strike at the Confederate Army and the remaining sources
of supply. Sherman’s army of over 100,000 marched south into Georgia. In spite
of occasional defeats, such as at Kennesaw Mountain, it was far too strong for its
Confederate opponents. Atlanta was captured on 1 September. The resulting March
to the Sea in November and December 1864, followed by the march up through the
Carolinas, cut Lee’s army in Virginia off from supplies in the South. Lee surrendered
at Appomattox Court House in Virginia on 9 April 1865.

Inmanyways, theAmericanCivilWarwas the firstmodernwar. About 2.5million
men served in the two armies. The casualties were horrific. About a quarter of the
participants died. And a quarter were wounded. There were over 25,000 casualties at
Antietam on 17 September 1862. At Gettysburg there were nearly 50,000 casualties
on 1–3 July 1863.

13.5.3.3 France

The battle of Crécy in 1346 is remembered as the end of the medieval age of chivalry
and for Edward III’s use of the longbow. At Crécy, the English under Edward III took
up a position with some 4,000 men-at-arms in the centre and 5,000 longbowmen on
the wings. Between themwas a sloping valley. The French force under Philip VI was
twice the size of the English army. As it advanced up the valley, heavily armed French
knights mounted on their war horses were cut down by concentrated long-distance
arrow fire from both sides.

Six centuries later, the experience of the First World War with its static trench
warfare in Northern France and its huge losses seemed to show the superiority of
the defensive over the offensive. By the end of the war, a superiority of at least three
to one was believed necessary for a successful offensive. After the war, a strategy
based on defence underlay France’s construction of the Maginot line of fortifications
between France and Germany. This system of massive self-contained forts ran from
near the Franco-Swiss border in the south to Montmédy, south of the Ardennes
and the Franco-Belgian border in the north. The French considered the Ardennes
impassable to tanks, so not a potential invasion route.
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While the French drew the conclusion of the superiority of the defensive from their
experience in the First World War, the Germans developed the blitzkrieg, a dynamic
war based on the speed of aircraft and tanks. The strategy developed by Guderian
was for tanks, concentrated in armoured divisions, to create gaps in the enemy front
lines, sweep past, loop round and create an isolated pocket in which enemy troops
would be surrounded and captured by motorised infantry. The ground attack would
be supported by dive bombers attacking supply and communication lines.

In 1939, theGerman tankswere concentrated in 6 armoured divisions, whereas the
French tanks were distributed throughout various infantry and cavalry units. In 1939,
France’s 800,000 standing army was thought to be the most powerful in Europe. The
Allied forces were superior to the German forces in terms of numbers and industrial
backing. However, their generals had once again prepared to fight the previous war.
Germany attacked Holland, Belgium, Luxembourg and France on 10 May 1940.
Most of the French army was assigned to defending the Maginot line. The main
German attacks into France were elsewhere, either through Belgium or through the
Ardennes. By 14 June 1940, the Germans were in Paris, and on 22 June 1940 an
armistice was signed. The Germans lost 50,000 men in achieving the surrender of
about 2 million French soldiers.

13.5.3.4 English Channel

From the early 1500s to the end of the Second World War, the military strategy of
England was built on the control of the seas. Providing the English navy controlled
the seas, no foreign army could land in England, England didn’t have to support a
large army, and it was free to participate as it pleased in European politics and in
developing a global empire. Its navy ensured necessary imports of food and other
supplies, and could sever an enemy’s access to the markets of the world. Examples
of the success of this strategy include the Spanish Armada of 1588, and the Battle of
Britain in 1940.

In 1534, Henry VIII broke with the Pope and set up the (Protestant) Church of
England.HisCatholic daughterMary,who reigned from1553 to 1558,wasmarried to
King Philip of Spain. After her death, Henry’s Protestant daughter Elizabeth reigned
from 1558 to 1603. Due to the weakness of France at this time and the wealth taken
from the New World, Spain was the strongest power in Europe. For various reasons
(such as Elizabeth’s support of Protestants in the Netherlands, England’s refusal to
recognise the monopoly of Spanish trade, and the desire to wipe out heresy), in 1588
King Philip of Spain sent his army and navy in the SpanishArmada to attack England.
The Spanish navy was expected to gain and hold supremacy in the English Channel
long enough for the Duke of Parma’s army stationed at Dunkirk to cross the Channel
to England. However, the technologically and numerically superior English fleet
defeated the Spanish Navy in the English Channel, making the invasion impossible.

In June 1940, after the fall of France, and the evacuation of some 300,000 troops
from Dunkirk, Britain stood alone against Hitler’s Germany. Its army was vastly
inferior to the German army. To conquer Britain, the German army had only to cross
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the 22miles of the English Channel between France and England. However, Britain’s
navy was much stronger than the German navy. On 2 August 1940, the Luftwaffe
chief Göring issued the Eagle Day directive with the plan of attack to destroy British
air power and gain air supremacy over the Channel, and open the way for the invasion
fleet of Operation Sea Lion. Germany’s strategy was to render Britain’s airfields and
support installations unusable so that British planes couldn’t fly and the German
invasion fleet would be able to cross the Channel escorted by the German air force.
Germany’s air force was much stronger than Britain’s. Initially, the British had some
600 fighters, Germany about 1300 bombers and 1200 fighters.

During the summer of 1940, German planes attacked Britain’s airfields until they
were nearly useless and there were fewBritish planes and pilots left. At the beginning
of September, the British retaliated by bombing Berlin. As a result, Hitler ordered the
Luftwaffe to switch its attacks from airfields to London and other cities. This change
of strategy allowed Britain to repair its airfields, produce more planes and train more
pilots. Although the British lost 900 planes in the Battle of Britain, Germany lost
1700, and by the end of September 1940, the British were shooting German bombers
down faster than they could be replaced, with the result that the invasion plan was
abandoned.

13.5.3.5 Soviet Union

Germany’s overall objectives at the beginning of the SecondWorldWarwereGerman
domination of Europe, a continental empire embracing all Europe including the
European part of the Soviet Union, and equal rank for Germany with Britain, Japan
and the US.

A non-aggression pact was signed between Germany and the Soviet Union in
1939. This was seen as a matter of expediency by Germany which expected to fight a
war with the Soviet Union in 1943. However, the events of 1939–1941 led Germany
to attack the Soviet Union much sooner. Operation Barbarossa began on 22 June
1941. By 27 June 1941, Guderian’s tanks had advanced the 200 miles to Minsk and
300,000 prisoners had been taken. By 16 July, they had advanced another 200 miles
and were at Smolensk, taking another 200,000 prisoners. At this point, they were
200 miles from Moscow. They had plenty of time to make decisive gains before the
start of the Russian winter.

However, Hitler and the German High Command then disagreed on strategy. The
High Command wanted to continue the attack (in a north-east direction) for Moscow
on the assumption that the main Soviet armies would be brought to the defence of
Moscow, and defeated there. Hitler wanted to attack Leningrad (which was to the
north-west) and Stalingrad (which was to the south-east) on the assumption that the
destruction of these cities named after such important Communist leaders would be
the end of Bolshevism.

The resulting arguments led to time being wasted, a division of forces, and attacks
in all three directions. It wasn’t until October that the main attack on Moscow was
renewed, and not until December that the German Army reached Moscow. By then,
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the Russian winter had started, the Soviet commanders had prepared their first major
counteroffensive, and theGermanArmywas forced to retreat, having failed to achieve
any of its objectives.

The following year, 1942, saw a limited German offensive in the South of the
Soviet Union. It began on 28 June with Rostov, the first major objective, being
captured on 23 July. Hitler then divided his forces, with one army under Kleist
aimed at the oil fields of Caucasia, and the other under Paulus aimed at Stalingrad.
Thedouble objective and the resultingdivisionof resourceswere to lead to defeat. The
available manpower and fuel resources were insufficient to achieve both objectives.

13.5.3.6 Soviet Union

In the early part of the twentieth century, Japan’s objective was predominance in
Asia. It was militarily successful in wars with Russia, Korea and China. However,
by the 1930s, it hadn’t achieved its objective. Soviet Russia was getting stronger.
And half of the Japanese army was tied down by growing Chinese resistance. US
influence in Asia was growing. The colonial powers of Britain and the Netherlands
still controlled huge areas of Asia.

The war in Europe offered Japan a chance to achieve its objectives. In September
1940, it joined with Germany and Italy in the Tripartite Pact, hoping to neutralise its
conflicts with the Soviet Union (which had a non-aggression pact with Germany),
paralyse US influence and exploit the colonies of the European powers. During the
next year, its opponents (the Allies) increased diplomatic and trade pressure with the
result that war became increasingly likely.

Japan’smilitary strategywas based on control of the seas. Provided it could control
theWestern part of the Pacific Ocean, it could achieve its objective of predominance.
The Eastern part of the Pacific Ocean is almost devoid of islands (hence air and sea
bases) so any attack on Japan from that direction would be difficult.

In 1941, the Allies had about 300,000 troops in Asia. They were widely dispersed,
had little combat experience, and were supported by obsolete planes. The Japanese
army alone was over 1,000,000 strong. It was well-equipped and had been battle-
hardened in China. The Japanese expected it to achieve victory quickly. Then a
defensive ring would be built, from Burma in the west to the Gilbert Islands in the
east, to keep out the British and Americans.

The Japanese attacked Pearl Harbor on 7 December 1941. The US fleet there was
destroyed. By June of 1942, Japan controlled most of the Western Pacific. Its control
extended from the Aleutian Islands in the North, down past the Kuril Islands, parts
of China, Korea, Indochina, Siam, Burma, Malaya, the Dutch East Indies, Borneo
and New Guinea to the Solomon Islands. Its control of the surrounding seas allowed
it to move troops and resources from one country to another. This made it difficult
for an enemy to bring together the forces that could start to take back the conquered
territory. And made it almost impossible to attack Japan by air.
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To defeat Japan, the US developed a strategy to first destroy Japanese naval
supremacy in the Western Pacific and then make use of US airpower. This strat-
egy took the strategy of “control of the seas” one step further to include control of
the air over the sea. On 4 June 1942 a Japanese force led by 4 aircraft carriers attacked
Midway, one of the few islands in the Pacific it didn’t control. The US Navy, having
broken the Japanese Navy’s code, was waiting for them and Japan lost all 4 aircraft
carriers. Midway was saved from invasion, and from then on, the Japanese were on
the defensive and the initiative passed to the US. American forces moved across the
Pacific to Japan in a series of battles (Gilbert Islands, …, Saipan, …, Iwo Jima, …
Okinawa) following the same outline strategy. The battles took place within range of
existing American airbases and were in places suitable for runways and anchorages.
The attack would begin with a heavy air attack to destroy the defending Japanese
air forces. Then a heavy air attack would bombard Japanese troops. US aircraft car-
riers would prevent Japanese reinforcements. Landing craft would bring US troops
ashore. After fierce fighting, they would take control. Engineers would land to build
runways and port facilities. The next attack would be prepared.

13.5.3.7 Lessons Learned

Lessons can be learned from the above examples of the application of different
military strategies, and related success and failure factors (Fig. 13.10). These lessons
learned are useful input when developing strategies for PLM.

History repeats itself. In the above brief descriptions of military strategy, there is a
certain amount of repetition. In completely different eras and geographical locations,
countries have had similar objectives and strategies. For example, both England and
Japan had strategies based on “control of the seas”. Both Germany and the US had
strategies based on “control of the air”.

Over time, strategies change. As the environment and the resources change, strate-
gies change. A strategy that may succeed at one time and in one place may be dis-
astrous under other conditions. It is sometimes said that Generals prepare to fight
the last war. This can be seen in France in the First World War where the French
generals’ desire to attack stemmed from Napoleon’s strategies. But the conditions
created by the development of machine guns and artillery meant that a defensive
strategy was appropriate. By the time of the Second World War, the value of defence
had been understood and the Maginot line created. However, the resources available
had changed again, and a strategy based on defence led to a French defeat a few
weeks after the start of the German offensive. It can also be seen how the Prussian

Fig. 13.10 Lessons learned history repeats itself
over time, strategies change
a strategy can be offensive or defensive
a small range of simple strategies
the choice of strategy depends on the objectives
there’s a hierarchy of strategies
it’s dangerous to change strategy during implementation
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control of the seas attack in overwhelming strength divide the enemy’s resources
control of the air attack with overwhelming speed cut the enemy’s communication lines
control of a land region destroy the enemy’s will to fight cut the enemy’s supply lines
impregnable defence blockade siege

Fig. 13.11 A small range of simple strategies

and German strategists ranged from defensive to offensive strategies through the
nineteenth Century in response to the changing environment.

A strategy can be offensive or defensive. In most cases, it seems that an offensive
strategy is necessary. There are occasions, though, such as in the First World War,
where a defensive strategy based on blockade, and sapping the strength of the enemy,
is successful.

The range of strategies is small. They’re simple strategies. Potential strategies are
shown in Fig. 13.11. There are strategies of control, and there are others ranging
from offence to defence. These strategies all appear simplistic and are described in a
few words. This is because strategies have to be simple. Otherwise, few people will
be able to understand them. And even fewer will be able to implement them.

The choice of strategy depends on the objectives. There’s always a choice of
possible strategies. No strategy is going to be right under all conditions. The only
way to judge whether a strategy is right or wrong, is whether or not it results in the
objectives being met.

Countries have a hierarchy of strategies. A country will have a strategy for a
particular battle. There will also be a strategy for a series of battles such as those of
the US in the Pacific after Midway. At the same time, the US was also fighting in
Europe so had a strategy there. The strategies in Europe and in the Pacific fitted into
an overall strategy.

It’s dangerous to change strategy during implementation. Once the decision has
been taken to select a particular strategy, it’s dangerous to organise or use resources
differently. Lee’s attack at Gettysburg didn’t correspond to the South’s strategy of
defence, and led to the South’s defeat. The hesitation of the German Army in front
of Moscow led to the eventual attack taking place in much worse conditions in the
Russian winter of 1942. It also gave the Soviet Union the time to regroup its forces.

13.5.3.8 Principles of Military Strategy

Military strategy has been studied for thousands of years to understand the “rules” for
a successful war. Commanders and military observers have tried to identify strategic
constants. These are principles of strategy that remain valid despite technological
and environmental change. One of the earliest attempts was Sun-tzu’s 13 principles
of strategy written down in “The art of war” about 400 BC. Sun-tzu stressed the
importance of taking account of political considerations. Many of his ideas were
used more than 2,000 years later by the Chinese communist armies.

By the 1980s, the Soviet, UK and US military were more or less agreed on the 11
principles of military strategy shown in Fig. 13.12.
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1 objective keep the basic objective uppermost in mind. Don’t be distracted by less 
important matters

2 offensive a defensive strategy is sometimes appropriate, but in the long run, victory 
can only be achieved with an offensive strategy

3 unity of command/co-operation modern warfare brings together different types of forces (army, navy, air 
force). To succeed, they have to work together under a unified command

4 concentration of force/effort in battle, concentrate forces and aim them against an enemy weak point
5 economy of force/effort use minimum force to achieve an objective. Any additional force is wasted
6 manoeuvre/flexibility the strategy shouldn’t be rigid. It should allow different options to be followed 

depending on the evolution of events
7 surprise aim to outwit the enemy, striking when and where least expected
8 security take action to prevent the enemy achieving surprise
9 simplicity complex strategies aren’t well-understood, don’t get properly implemented, 

and lead to defeat
10 maintenance of morale one’s own forces may be defeated if their morale, or the morale of their 

civilians, is low
11 administration a successful result in battle or in war requires enormous administrative and 

logistic support

Fig. 13.12 Eleven principles of military strategy

13.5.3.9 Manufacturing Strategy

The history of war goes back thousands of years, providing many examples of strat-
egy. Another area where examples of strategy are numerous is in manufacturing
operations. Like armies, manufacturing organisations need a strategy to meet their
objectives, and to manage and use their resources. Their resources include people,
machines, methods, materials and money.

For thousands of years, progress in increasing manufacturing productivity was
slow.However, a fewhundredyears ago,mechanisationmadepossible a leap forward.
The machines introduced in the Industrial Revolution led to an organisation of work
that differed from the previous approach. Adam Smith in “The Wealth of Nations”
(1776) described the new system in a pin factory, “One man draws out the wire;
another straights it; a third cuts it; a fourth points it; a fifth grinds it at the top for
receiving the head; to make the head requires two or three distinct operations; to put
it on is a peculiar business; to whiten the pin is another; it is even a trade by itself to
put them into the paper; and the important business of making a pin is in this measure
divided into about 18 distinct operations”.

Workers were assigned to a particular position at which they carried out a specific
task. The owner supervised the workers making sure they worked at the pace of the
machines. This led to a division of labour between the owner and the workers. The
owner couldn’t watch over all the workers all the time, so a hierarchy of supervisors
and managers was developed.

In the nineteenth century, machine tools changed the environment again. They
enabled strategies of mass production with the characteristics shown in Fig. 13.13.
In mass production, tasks can be performed by unskilled workers, often immigrants

high volumes long production runs managerial staff with specialised skills
mechanisation sub-division of labour simplification and standardisation of common parts 
supervisory staff low skill level of workers organised material flow through various stages of manufacturing

Fig. 13.13 Characteristics of mass production
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or agricultural workers leaving the land, since much of the skill is in the machine and
the organisation. Manufacturing enterprises grew to such a size that a large hierarchy
of supervisors and managers became necessary. The increasing size and complexity
of operations called for a large management staff including accountants, engineers
and personnel managers.

The next step, introduced to manufacturing by Henry Ford at the beginning of
the twentieth century, was the assembly line. Its concepts had been developed in the
meat-packing industry in Cincinnati and Chicago, where overhead trolleys moved
carcasses from one stationary worker to another. Each worker did one task, at a pace
dictated by the line, minimising unnecessary movement and increasing productivity.
Ford applied these methods to the manufacture of cars, reducing the price of cars,
bringing it within reach of more people. According to Ford, the assembly line was
based on the planned and continuous progression of a commodity through the shop,
the delivery of work to a worker (instead of leaving it to the worker to find it) and an
analysis of operations into their constituent parts.

Frederick Taylor brought a scientific approach to these principles. A new dis-
cipline, industrial engineering, appeared. Taylor broke each job down into its con-
stituent parts, analysed them to find out which were essential, and timed the work-
ers with a stopwatch. With superfluous motion eliminated, the worker, following a
machine-like routine, became much more productive.

However, in the years after the introduction of scientificmanagement, its disadvan-
tages, due primarily to neglecting the human element, began to appear. Elton Mayo,
a social scientist, carried out experiments at the Hawthorne plant of the Western
Electric Company in Cicero, IL to see how changes in lighting affected productivity.
He found that productivity rose even when lighting conditions didn’t change. Just
by involving the workers, a new attitude was created. This result led to strategies of
worker involvement.

Mass production increased the trend to an international division of labour. Facto-
ries often needed raw materials from other countries. Saturation of national markets
led to a search for customers overseas. Some countries became exporters of raw
materials and importers of finished goods, while others did the opposite.

The introduction of computers in Manufacturing in the mid-twentieth century led
to strategies of Shop Floor Automation (NC machines, CNC machines, robots and
Flexible Manufacturing Systems). It also led to the introduction of MRP and ERP
systems for planning and control of manufacturing and logistics.

In the 1960s and 1970s, Total Quality and Just in Time (JIT) strategies were
introduced to cut out the waste in Manufacturing. Stocks were reduced, and non-
value-adding activities eliminated. Assembly lines were simplified by focusing on
a particular product line. Later in the twentieth century, these ideas were extended,
and Lean Manufacturing strategies were developed.

The skills needed by assembly-line workers are easily acquired. Standards of
living in many developing countries exporting raw materials are so low that wages
can be kept below those of already industrialised countries. As a result, developing
countries can adopt strategies of industrialisation and export ofmanufacturing goods.
In response, manufacturers in developed countries outsource, getting parts made in
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mass production scientific management automation lean manufacturing Factory of the Future

Fig. 13.14 Strategies in the manufacturing environment

low-cost countries. In the early 1990s, original equipment manufacturers (OEMs)
in the electronics industry faced pressure to get products to market faster than their
competitors. They took to outsourcing in a bigway,with parts orwhole productsmade
or assembled in developing countries. This started with the outsourcing of printed
circuit board assembly to electronics manufacturing services (EMS) providers, and
eventually led to an EMS industry which offers design, manufacturing and related
services to the OEMs.

The logical ultimate in the evolution of strategies seems to be the re-configurable
Factory of the Future, based on Industry 4.0 technologies, and producing customised
products in a batch size of one. This implies elimination of all manual labour and
the introduction of flexible manufacturing and assembly machines with automatic
controls providing accuracy and quality beyond human skill levels.

From the above, it can be seen that, just as in the military environment, there are
many possible strategies (Fig. 13.14) and, when resources and technologies change
in the manufacturing environment, strategies also change.

13.5.3.10 Company Strategy

Both military and manufacturing strategies change in response to the changing envi-
ronment of resources and technologies. The strategies that companies adopt are also
subject to change. Two main strategies have been used by companies to meet their
objectives. One of these is the low-cost, “cost-leadership” strategy. The other is a
high-value strategy based on differentiation.

A cost-leader aims for the lowest product cost in a particular industry. This usually
requires a high market share and a high volume of standard products. It implies sub-
stantial capital for large continuous-flow production runs and facilities. By selling a
low-cost product in large numbers, the costs of product development and manufac-
turing equipment are spread over a large number of products and become relatively
insignificant. Usually, it’s the manufacturing cost that’s most important, so this type
of company focuses on reducing the cost ofmanufacture. This implies strong abilities
in facility engineering, manufacturing engineering and purchasing.

High-value differentiation strategies are based on having a product or service that
differs significantly (for example, by virtue of its design, or technology, or customer
service) from those of competitors. Higher prices can be charged because of the
uniqueness of the product and the few available alternatives. To make the product
special usually requires skills in identifying customer needs, and in defining the
product correctly.

Other strategies include “niche”, “trend-leader” and “follower”. A niche strategy
serves a particular market segment, or a particular type of customer, or particular
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geography, or particular part of a product range. Within a given niche, a company
can hope to succeed with either a cost-leadership or a differentiation strategy.

A company with a trend-leader strategy will constantly innovate in an attempt to
lead the market and be the first to produce a particular product or service, and gain
the associated benefits. This type of leader is unlikely to be a cost-leader, due to
the difficulty of getting products to market first. Instead, revenue is generated from
sales to customers who are anxious to be “early adopters”, and are willing to pay the
additional costs this entails. This strategy requires good product development skills
so that a market-leading product can be brought to market quickly.

A “follower” is a company that enters the market when the leader has moved on
to the next generation of products, or when the leader can be attacked through cost
or quality features. A follower could aim to be a cost-leader. The follower doesn’t
aim to sell to one of the few early adopters of the product (who often represent less
than 10% of the market) but aims to sell to the main market (the other 90%). For a
follower, it’s less important to have skills to develop new products than to be able
to understand and improve what has already been developed. This calls for skills in
reverse engineering and in reducing product costs.

The above description of strategy may seem theoretical. In reality, the strategies
of many companies don’t fall nicely into one of the frequently mentioned categories
(Fig. 13.15). Many companies pick and mix, taking elements of different strategies
to create their own strategy.

The strategies mentioned above are all described in a few words and appear
simplistic. That’s because strategies have to be simple. Otherwise, few people would
understand them. And even fewer would be able to implement them.

Behind the high-level name of a strategy, there’s always a lot of detail. For exam-
ple, “High-value differentiation” is short and clear. It would be further detailed,
perhaps as in Fig. 13.16. “Lowest-cost competitor” is also short and clear. It would
be further detailed, perhaps as in Fig. 13.17.

cost leadership high-value, differentiation niche leader follower

Fig. 13.15 Frequently mentioned strategies in the business context

unique product premium features customisation capability
technological leadership first to market perceived by customers as the market leader

Fig. 13.16 Details of a high-value differentiation strategy

simple product or service follower standardisation re-use

Fig. 13.17 Details of a lowest cost competitor strategy
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13.5.4 PLM Strategy

A strategy is a general method for achieving specific objectives. It describes the
essential resources and their amounts which are to be committed to achieving those
objectives. It describes how resources will be organised, and the policies that will
apply for the management and use of those resources.

This general definition leads to requirements for a PLM Strategy (Fig. 13.18).
In the PLM context, the context of managing a company’s products across the

product lifecycle, the resources that should be addressed in the PLM Strategy are
those shown on the PLM Grid (Fig. 13.19). These are products; business processes;
product data; the PDM system; PLM applications; equipment; methods; people;
organisation; and objectives.

The PLM Strategy shows how the PLM resources are organised and used at a
particular time. Definition of the strategy is an activity of the “Management and
Organisation” component of the PLM Grid.

show how to achieve PLM objectives
show how PLM resources will be organised, managed and used
describe policies governing use and management of PLM resources

Fig. 13.18 Requirements for a PLM Strategy
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13.5.4.1 Basic Points About the PLM Strategy

APLMStrategy describes how resources will be organised and used. PLMStrategies
aren’t generic. They’re specific to individual organisations because they depend on
the particular circumstances and resources of the individual organisation, and on its
particular environment.

A PLM Strategy will be company-specific. Without knowing a particular organi-
sation in detail, it’s not possible to say what its strategy should be. For example, the
PLM Strategy of an organisation that develops and manufactures high-performance
aircraft engines can be expected to be different from that of an organisation that
develops low-cost plastic toys.

PLM Strategies change. Today’s PLM Strategy describes how PLM resources are
used in today’s environment. A PLM Strategy for the future shows how they’ll be
used in the future.

The PLM Strategy has to be documented and communicated to everybody likely
to be involved in the future environment or impacted by it. It wouldn’t make sense
to have a Strategy that nobody, apart from its developers, knows about, understands
or approves.

The PLM Strategy shouldn’t be changed frequently. It can take several years to
implement a new PLM Strategy. And it can take several years for the effects of a new
PLM Strategy to become apparent.

Today’s PLM Strategy describes how PLM resources are used in today’s environ-
ment. A PLM Strategy for the future shows how the PLM resources, the product-
related resources mentioned above, will be used in the future. A PLM Strategy for
the future is the strategy that corresponds to the vision.

There are several reasons why a good, well-defined, well-communicated strategy
is important (Fig. 13.20).

There are several reasons why executives need to be involved in strategy devel-
opment (Fig. 13.21).

A good strategy shows how objectives will be achieved
A good strategy provides the best chance of achieving the Vision
A good strategy makes sure resources and capabilities are used to their best
A good strategy is a framework to take decisions and action
A good strategy is a communication tool informing everyone what’s happening
A good strategy enables planning decisions to be taken in a coherent way
A good strategy includes Key Performance Indicators and targets to track progress

Fig. 13.20 Reasons why a good strategy is important

The strategy answers the question, "How can we achieve the objectives?" It sets the direction for the 
company. Executives represent the company. They know what they want, and how they want to do it. 
Executives are more aware of company issues than those at a lower level; lower level people may not 
even be conversant with the issues faced at the top.
Participation by executives in strategy development enriches insight and strengthens decisions. It builds 
ownership and commitment, and helps get consensus at the top level.

Fig. 13.21 Reasons why executive involvement in strategy development is important
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13.5.5 Implementation Strategy

To achieve the PLM Vision, two strategies need to be developed (Fig. 13.22). These
are the PLM Strategy and the Implementation Strategy.

The PLM Strategy shows how PLM resources will be organised in the future,
envisioned environment. The Implementation Strategy shows how resources will be
organised to achieve the change from today’s environment to the future environment.
The Implementation Strategy is sometimes referred to as a Change Strategy or a
Deployment Strategy.

The Implementation Strategymay be referred to as a Change Strategy as it enables
the company to change from its current PLM Strategy to its future, envisioned PLM
Strategy. It’s a strategy for change. So it’s called a Change Strategy. The Change
Strategymay include statements such as “we’ll change everything at once”, or “we’ll
make changes one step after the other”, or “these are the changes we’ll make”.

There are always different ways (strategies) to reach a future situation. For exam-
ple, Path 2 here is a strategy of the “Big Bang” type, with everything changing in
Year n (Fig. 13.23). Path 1 is a “Continuous Improvement” strategy, many changes
made one after the other. Path 3 is a phased strategy with a small set of changes being
introduced in each phase.

Typically, the PLM Vision will be 5 years in the future, and the Implementation
Strategy will be developed for a similar period. It may then be reviewed annually, but
if initially defined correctly, shouldn’t change significantly during this time period.

A good, well-defined and well-communicated Implementation Strategy is impor-
tant (Fig. 13.24).

The PLM Strategy
The PLM Implementation Strategy 

Fig. 13.22 The two strategies to be developed

Current PLM
Situation

Year 0 Year n

Future PLM
Situation

Path 1

Path 2

Path 3

Fig. 13.23 Alternative ways forward
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provides the best chance of achieving the PLM Vision and future PLM Strategy
makes sure resources and capabilities are used to their best during implementation
makes sure everybody knows what’s happening during the implementation phase
makes sure everybody is working towards the same target
enables implementation planning decisions to be taken in a coherent way

Fig. 13.24 Benefits of the Implementation Strategy

Fig. 13.25 Timing of
project phases

Phase Activity Y1 Y2 Y3 Y4 Y5

Prepare Phase 1
Execute Phase 1 activities
Prepare Phase 2
Execute Phase 2 activities
Prepare Phase 3
Execute Phase 3 activities
Prepare Phase 4
Execute Phase 4 activities
Prepare Phase 5
Execute Phase 5 activities

The Implementation Strategy is the starting point for developing and implement-
ing the Implementation Plan. It helps everybody to move forward along the same
road towards the new environment. However, the Implementation Strategy is just the
starting point. It isn’t the end of the road. A detailed Implementation Plan will also
be needed. It’s a good idea to develop the Implementation Plan for the first year of
the Implementation Strategy at the same time as the strategy itself. This will help to
make sure the two are synchronised.

13.5.6 Plan

The PLM Implementation Strategy addresses the use of resources to change from the
current environment to the future environment. It’s the starting point for developing
and implementing the PLM Implementation Plan (Fig. 13.25).

The PLM Implementation Plan shows the detailed activities and resources needed
to get to the future environment. It usually addresses a multi-year timeframe. It
addresses all the product-related resources thatwill change. It containsmanyprojects.
Each of these is defined and detailed in terms of objectives, action steps, timing and
financial requirements. The relative priorities of projects are described.

13.5.7 KPIs

Key Performance Indicators (KPIs) help the company set targets for its implemen-
tation plans, and measure the progress it’s making towards the objectives. For each
KPI there’s a current value and there can be target values for the future (Fig. 13.26).
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Rate of introduction of new products +100% Lifecycle control over products 100%
Revenues from extended product life +25% Lifecycle visibility over products 100%
Costs due to recalls, failures, liabilities -75% Part reuse factor x 7
Revenues from new services on existing products +40% Cost of materials and energy -25%
Number of significantly innovative new products per year x 3 Recycling of products +90%
Development time for new products -50% Product traceability 100%

Fig. 13.26 Possible targets for KPIs in a PLM Initiative

number of new products per year % of information on electronic media cost of rework
number of times data is recreated cost as % of company sales new product revenue
number of projects started per year number of patents parts count
number of projects completed per year revenue per engineer R&D spend ($)
number of projects abandoned per year spend as % of earnings Time To Market (months)
number of defects per product family number of product families response time to RFQ
spend on product development % of business processes defined new product ramp-up time 
ratio of PLM support staff to value-adding % of products annually obsoleted level of part reuse
difference between planned and actual span of control number of customers

Fig. 13.27 Examples of KPIs in the PLM environment

Companies need relevant KPIs to allow them to understand and quantify their
current PLM performance, and that of their competitors. KPIs provide parameters
that help an organisation to set targets for its implementation plans, and to measure
the progress it’s making towards achieving the Vision.

A Key Performance Indicator is a parameter that characterises an entity, be it
a company, a person or a product. It’s often said that you can’t manage what you
can’t measure. KPIs help an organisation to set targets for its annual improvement
plans and to measure the progress that it’s making. Without KPIs, it’s difficult to
describe an entity, set targets, monitor progress, or track results. KPIs help a company
to understand its PLM performance, the performance of its competitors and the
behaviour of its customers. There are many KPIs in the product lifecycle that can
be used. A balanced set of KPIs is required to enable successful management of
products across the lifecycle.

Some of the many KPIs in the PLM environment are shown in Fig. 13.27.
PLM helps achieve improvements in many areas such as Financial Performance,

Time Reduction, Quality Improvement and Business Improvement.
In the area of Financial Performance, possibleKPIs and targets could be to increase

the value of the product portfolio by 20%, or to reduce costs due to recalls, failures
and liabilities by 75%.

In the area of Time Reduction, possible KPIs and targets could be to reduce time
to market by 50%, or to reduce engineering change time by 80%.

In the area of Quality Improvement, possible KPIs and targets could be to reduce
defects in the manufacturing process by 25%, or to reduce customer complaints by
50%.

In the area of Business Improvement, possible KPIs and targets could be to
increase the rate of introduction of new products by 100%, or to increase product
traceability to 100%.
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13.6 PLM Initiative Justification

Every year, companies have the opportunity to invest in a variety of new and ongoing
short-term and long-term projects. These could include introducing new products,
improving manufacturing productivity, developing the corporate image, improving
working conditions, improving processes and implementing newapplications. Some-
one, somewhere, has to select the most suitable projects. Different projects will
require approval from different levels of management. In general, the less money
and time the project needs, the lower the level at which approval is given.

Top management has a difficult task in choosing which projects to fund. Most
of the projects will appear very important. They will often involve a large initial
investment, have a major effect on the company in the long term, and have the
potential for creating major upheavals. Top management is unlikely to understand
the projects in detail, so will be heavily influenced by the people proposing projects,
and the written proposals. Even if a proposal appears to be very profitable, it may
lose out to a proposed project that appears even more attractive. Even if it’s presented
very well, it may lose out to a proposal that’s presented even better. The project may
not be accepted because top management has a poor opinion of some of the project
team members.

When a proposal for a PLM Initiative is presented to management, it should con-
tain a financial justification that shows the required investment and running costs,
the expected benefits, the expected return, the risks associated with the investment,
and the effect of the investment on other areas of the company. Without such a justi-
fication, top management will be unable to decide either if the project is worthwhile,
or if it’s a better choice for investment funds than other projects.

To understand such justification, it’s useful to know some basic project justifi-
cation vocabulary. Terms such as cash flow, book value, net income, discounting,
tax, income, payback, net present value, return on investment. A company’s annual
report is a good place to start getting this understanding. Its vocabulary of revenues,
earnings and income is familiar.

Somewhere at the back of the annual report are the financial statements. Usually,
there are three important sets of figures. These are the Income Statement (or profit
and loss account), the Balance Sheet, and the Statement of Source and Application
of Funds (or Statement of Changes in Financial Position, or Cash Flow Statement).

The Income Statement doesn’t give a cash view. It’s prepared on the basis of
matching the annual sales and expenditures of the company. Matching is a standard
accounting practice used to try to give a fair view of what’s really happened in the
year under review, and to remove effects that really belong to other years. Generally,
it’s fairly easy to identify sales made during a year. It’s more difficult to identify the
costs incurred during the year. If an expensive machine or system has been bought
during the year, and is expected to be used over 5 years, then it wouldn’t be correct
accounting practice to include the total cost of themachine in the year’s profit and loss
figures, with nothing included in the following years. Correct accounting practice
would be to match some fraction of the machine’s cost (known as the depreciation)
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against sales in each of the 5 years. Depreciation is an annual charge representing
the gradual inclusion of a one-off investment in a project over the project’s lifetime.

As a result of the matching process, there’s a difference between the situation
(known as the book view) as it appears in the Income Statement, and the reality of
the company’s finances (the cash view). If the equipment cost $10,000 in 2014, then
the cash view would identify a cash outflow of $10,000 in 2014. On the assumption
that the company is making an outright purchase of the equipment (the calculations
are different for leasing and rental), it pays 100% of the price in the first year, and will
pay nothing in the following years. The book view, though, would see a depreciation
charge of $2,000 each year from 2014 to 2018. In different ways, each view is correct
in particular circumstances. You just need to remember whether you’re dealing with
a book view or a cash view.

The financial statements of a company show the cost of sales. For a manufactur-
ing company, this is primarily made up of material expenses and production-related
expenses. The financial statements also show the net income. This is (very roughly
speaking) the result of subtracting the cost of sales, administrative expenses, depre-
ciation, tax, interest on loans and other expenses, from the annual revenues. As the
calculation of net income involves subtracting depreciation from net sales, it’s a book
value. In the example above, $2,000 a year would be subtracted from the annual sales
for five years to represent the depreciation of the machine.

Since depreciation is subtracted from net sales before the tax charge is calculated,
it affects the tax paid. The more that can be subtracted in the way of depreciation, the
lower the tax charge. To prevent abuse of this deduction, the amount of an investment
that can be depreciated, and the period of depreciation, are governed by law. Various
methods of depreciation are allowed, but once a company has chosen a particular
method, it’s expected to retain it for consistency in the presentation of its results.
Computer software is often depreciated over 3 years. Under the straight-line depre-
ciation method, the amount of depreciation is constant each year. For software, it
would be one-third of the price each year for 3 years.

As the net income shown on the Income Statement is calculated after making
allowance for depreciation, and different companies allow for depreciation in dif-
ferent ways, the real meaning of the net income is not immediately obvious to a
layperson. To make things a little more transparent, the Statement of Source and
Application of Funds was introduced. This looks at the change in the company’s
cash position over the year. It shows the Source of Funds (cash inflows such as sales
and interest income), and the Application of Funds (cash outflows such as taxes paid
and the purchase of fixed assets).

Depreciation doesn’t appear on the Statement of Changes in Financial Position.
Going back to the example above, all $10,000 of the cost of the machine would be
included in the Application of Funds of that year, and nothing in the other years.

For financial evaluation of individual projects, it’s better to work with a cash view
than a book view, and to be able to see the exact movements of cash into and out of
the project.
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Cash inflows resulting from the project are primarily increased sales. There may
also be some tax credits to consider. Cash outflows include payments for equipment,
labour, sundries, operating expenses and taxes.

The difference between the total cash inflows resulting from a project and the
total cash outflows is called the cash flow of the project. A positive cash flow for a
project indicates that, over its lifetime, cash inflows resulting from the project will
exceed cash outflows.

13.6.1 Time Value of Money

As the effects of the PLM project will be spread over several years, it’s necessary to
take account of the “time value of money”. This term describes the fact that $100
received this year doesn’t have the same value as $100 received in previous or future
years. This is best explained by an example. Assume that $100 received this year
can be invested at a fixed 10% annual interest rate. Then, in 1 year, it will be worth
$110, and in 5 years it will be worth $161.051. It will be worth $61.051 more than
$100 received in 5 years’ time. The time value of money has to be considered when
calculating the costs and benefits that occur in different years of a PLM project.

With a 9% interest rate, would $147 received in 5 years’ time be worth more than
$124 received in 3 years’ time? The answer isn’t immediately apparent because there
are so many variables. To make the values in project calculations easier to compare,
all future values are converted to their value in the present (Year 0 of the project). This
technique of working backwards from a future time at which a value is known, to find
its present value, is called discounting. Often, the cost-justification of a project will
look at performance over 5 years. The initial investment in the project is assumed to
take place in Year 0. The resulting cash flows take place in Year 1, Year 2, Year 3,
Year 4 and Year 5.

In the above example, it was seen that $100, invested at a fixed 10% annual interest
rate, will be worth $161.051 in 5 years. When discounting, the calculations are
carried out the other way round, starting from a known future value, and calculating
the equivalent present value. For example, assuming the same constant 10% annual
interest rate, $100 received next year has a present value of $90.90, and $100 received
in 2 years has a present value of $82.64. Similarly, with this discount rate, $165.01
received in 5 years’ time has a present value of $100.

To calculate the present value of cash inflows of a 5-year project, an expected
interest rate has to be chosen. This rate will be used to discount the cash flows. It’s
often called the discount rate. For example, a company might decide that a project
should generate a rate of return of 20% per year.

If the expected annual cash flows received at each year end are $110,000 (Year
1), $130,000 (Year 2), $160,000 (Year 3), $220,000 (Year 4) and $280,000 (Year 5),
their present values are calculated by discounting them by 20% to give $91,666 (Year
1), $90,278 (Year 2), $92,593 (Year 3), $106,096 (Year 4) and $112,526 (Year 5). At
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this 20% discount rate, there’s a big difference between the sum of the present values
of the cash inflows ($493,159) and the sum of the undiscounted flows ($900,000).

A similar calculation could be carried out for the cash outflows of the project. If
these are expected to be $700,000 (Year 0), $302,000 (Year 1), $340,500 (Year 2),
$377,000 (Year 3), $416,500 (Year 4) and $354,000 (Year 5), their present values,
also calculated by discounting them by 20% would be $700,000 (Year 1), $251,667
(Year 1), $236,458 (Year 2), $218,171 (Year 3), $200,858 (Year 4) and $142,265
(Year 5).

Once the discounting calculations have been carried out for cash inflows and
outflows, it’s easier to see whether the project is going to meet management require-
ments. The calculations are simple. It’s much harder to develop reasonable values
for the cash inflows and outflows. Before coming to that subject though, there are a
few other standard calculations to understand.

Several methods are used to express, in understandable and comparable terms,
the profitability of different projects. Four of them will be outlined: Accounting Rate
of Return (ARR); Payback time; Net Present Value (NPV); Discounted Cash Flow
Return On Investment (ROI).

The ARR is obtained by expressing, as a percentage, the ratio of the accounting
income (including depreciation) generated by the project to the total investment. This
is a quick calculation, but its inclusion of depreciation means that it’s not all that
useful from the project cash-flow point of view.

Payback time is the time required for a project’s revenues to equal the cash outlay.
If the investment in the project is $1,000,000 and the annual revenue is $400,000,
then the payback time will be 2.5 years. Payback is a quick and dirty calculation. It
doesn’t take account of the time value of money, or of revenues occurring after the
payback period. It gives a quick, approximate feeling for a project’s viability.

13.6.2 NPV and ROI

The Net Present Value (NPV) of a project at any given time is calculated by sub-
tracting, from the investment, the sum of the discounted cash flows up to that time.

NPV = −I +
∑

t=1,n

(Rt − Ct)

(1 + DR)∗∗t

where I = investment in Year 0; n = project lifetime in years; Rt = revenue in Year
t; Ct = costs in Year t; DR = discount rate

For example, if I = $1000, DR = 20%, n = 2 years, R1 = $850, R2 = $1050, C1
= $250, C2 = $300 then

NPV = −1000 + 500 + 520.83 = $20.83
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When the NPV is positive, the discounted cash flows are greater than the initial
investment, so the project is earning more than the discount rate in use (in this case
more than 20%). If the NPV turns out to be negative, then the project is making less
than the discount rate in use.

In some cases, particularly whenmaking comparisons between several competing
projects, it may be enough to know the NPV. In other cases, it may be more useful
to know the exact return of the project (also known as the Internal Rate of Return,
or the ROI). This is the discount rate that corresponds to the Net Present Value of
the project being equal to zero, i.e. the investment is exactly equal to the sum of the
discounted cash flows. Once again, a simple calculation is all that’s needed. Putting
NPV = 0 in the above equation, and solving for DR,

I =
∑

t=1,n

(Rt − Ct)

(1 + DR)∗∗t

so DR = 21.6, i.e. the rate of return of the project is 21.6%.
Even when all the cash flows of a project have been identified, and the ROI

calculated, questions of the type “but what if …?” still remain. Sensitivity analysis
and risk analysis try to answer them. Sensitivity analysis identifies the items that
critically affect the project calculations. Risk analysis provides a range of possible
values for the outcome of the project, rather than a single value.

Sensitivity analysis is used to look at each cash flow item individually, and answer
the question “what would be the effect on the project’s ROI if all other items have
been estimated correctly, but this particular one has been over-estimated or under-
estimated by x percent?” Each item can be checked in this way, and usually, it’s found
that there are a few items that have much more influence on the ROI than the others.
For example, a 10% variation in one item may lead to a 10% change in the ROI,
whereas the same variation in another item may only lead to a 1% change. When the
analysis has been carried out, the items that have the most influence (are the most
sensitive) should be re-examined to make sure that they’re based on as reliable and
accurate information as possible.

Risk analysis is carried out to estimate the probability that the ROI will be met.
One way of doing this is to assign probabilities to expected values for each cash flow
item. Thus, instead of assuming that the value for a particular cash flow item will be
$7000, it could be estimated that there’s a 5% probability that it will be $5000, 10%
that it will be $6000, 70% that it will be $7000, 10% that it will be $8000, and 5%
that it will be $9000. Similar probabilities could be calculated for the other items.
The ROI would then be calculated as a function of these probabilities. The result
would show the range of values for the ROI, and the probability associated with each
value.
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13.6.3 Cost-Justification

There are three major areas of cost-justification to describe. These are costs, benefits
and the overall approach. They will be addressed below in the specific context of a
PDM system.

Identification of the costs associated with a project is usually not too difficult.
Costs are generally divided into initial investment costs (Year 0) and ongoing costs
(Year 1, and following years). Typical initial investment costs are shown in Fig. 13.28.
Typical costs in the following years are shown in Fig. 13.29.

Apart from the costs of PDM directly related to the PDM system, there may be
other, more indirect costs (Fig. 13.30).

In addition to the above costs, there’s another set of costs that needs to be under-
stood. These are the costs of doing business without PDM. Reduction of these costs
is a source of potential benefits. Some of these costs are shown in Fig. 13.31.

The figures for these costs, in the absence of PDM, should either be known, or can
be estimated fairly easily. However, the situation is different for the benefits expected
from the PDM project.

There are only two types of benefits possible, those that result in a reduction in
costs (Fig. 13.32) and those that result in increased revenues. The six costs mentioned
above correspond to the first category.

initial investment in the PDM system (software) awareness training and education
initial investment in complementary software (if required) consultancy costs
initial investment in PDM system infrastructure system selection costs

Fig. 13.28 Typical initial investment costs

further investment in the PDM system (software) PDM system (software) maintenance costs
further investment in complementary software complementary software maintenance costs 
further investment in PDM system infrastructure communication charges
costs for customising the PDM system loading data in the PDM system
PDM system management and operations cleaning product data
development of new working procedures development of interfaces
on-going training and education modification of existing procedures
participation in conferences and user groups on-going consultancy

Fig. 13.29 Typical sources of costs after the initial investment

cost of retraining personnel cost of feasibility studies prototyping costs
cost of headcount reduction cost of restructuring product information planning costs

Fig. 13.30 Costs not directly related to the PDM system

labour costs IT costs costs of introducing new products
quality costs field support costs costs of modifying existing products

Fig. 13.31 Some costs that could be reduced with PDM
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reduce the number of product developers reduce costs of holding products reduce quality costs
reduce product development support staff reduce costs of storing information reduce warranty costs
reduce costs of materials used in products reduce documentation costs reduce penalty costs
reduce finished stocks and work in progress reduce energy consumption reduce rework costs

Fig. 13.32 Benefits that result in a reduction in costs

13.6.4 Identification of Benefits

The major difficulty in PDM cost-justification is the identification of the benefits.
These can be thought of as having a multi-level structure with the overall business
benefits at the top level, and the more detailed benefits at the lower levels. The overall
business benefits result from the addition of all the detailed benefits. At the highest
level of the structure is the “overall business benefit resulting from PDM”. It may be
expressed in broad terms such as “increased grossmargin”, or “improved competitive
position”. For a particular company, it might be expressed more quantitatively as
“gross margin increased by 1%”, or “we will become the most competitive player in
the make-to-order market”. To calculate the “overall business benefit resulting from
PDM”, the “costs of PDM” have to be subtracted from the “benefits of PDM”.

One of the major objectives of PDM cost-justification is to convince top man-
agement that it makes sense to invest in PDM. Most top managers will be interested
primarily in the “overall business benefit resulting from PDM”, not in the low-level
benefits. If they see a clear overall benefit, then they will probably at least consider
the investment. Of course, in a particular case, there may be reasons (such as lack of
funds) why they don’t make the investment. Most top managers will rely on lower
level managers to see that the calculations leading up to the “overall business benefit
resulting from PDM” have been carried out correctly. They’ll expect finance man-
agers to have checked the mathematics of the calculations, and, to a certain extent,
they’ll assume that the finance managers agree with whatever figures have been used
in the calculation. The “overall business benefit resulting from PDM” results from
simple calculations carried out on “costs of PDM” and “benefits of PDM”. These
calculations may be carried out in spreadsheets.

In addition to the “costs of PDM” and the “benefits of PDM”, the “time value”
of costs and benefits has to be considered in the calculation. The “time value of
money” plays an important role in PDM cost-justification. Cost-justification of a
PDM project takes account of costs and benefits over several years. As a particular
cost (or benefit) may appear as $100, or $110, or $121, or $133.10, depending on
the timing assigned to it, there’s a plenty of scope for massaging the figures. The
“overall business benefit resulting from PDM” resulting from the calculations can
be improved by delaying “costs of PDM”, and bringing forward “benefits of PDM”.

The “benefits of PDM” can be divided into two parts. One of these is the “increase
in revenues resulting from the introduction of PDM”. The other is the “decrease in
costs due to the introduction of PDM”.

At the top level, there are about ten ways in which PDM can increase revenues.
These are shown in Fig. 13.33.
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1 increase the number of customers. For example, by reducing the overhead activity of product 
developers, PDM allows them to develop products for new customers

2 increase the product price paid by customers. For example, by increasing product quality, PDM 
enables customers to be charged increased prices

3 increase the range of products that customers can buy. For example, by improving product 
structure management, PDM enables more customer-specific variants

4 increase the number of products of a particular type that a customer buys. For example, by 
increasing product quality, PDM allows customers to dispense with second sourcing

5 increase the percentage of customers re-ordering. For example, by increasing product and 
service quality

6 increase the frequency with which customers buy. For example, by getting products to market 
faster and more frequently

7 increase the service price paid by customers. For example, by using PDM to improve the 
quality of existing services

8 increase the range of services that customers buy. For example, by using PDM to support 
additional services

9 get customers to pay sooner. For example, by developing and delivering products faster
10 sell surplus capacity. For example, with much overhead burden removed, product developers 

will have more time available for value-adding tasks. This may be sold to other companies

Fig. 13.33 Some ways in which PDM can increase revenues

13.6.5 Project Calculations

The benefits and costs occur over several years, and the results of the calculations
will probably be reported in several tables. In Fig. 13.34, the annual “benefits of
PDM” and “costs of PDM” are not discounted (for example, the $1 million benefit
entered in Year 1 is the actual benefit expected in that year.) The Net Present Value
is $M 3.0. The payback time is 2 years.

In Fig. 13.35, the annual costs and benefits are discounted to take account of the
decreasing value of money. A discount rate of 10% has been used. The same $1
million benefit is still expected in Year 1, but its discounted value ($909 thousand) is
now used in the calculation. The Net Present Value is $k 1790.6. The IRR is 41.05%.

In these calculations, the initial investment is made in Year 0. The initial benefits
occur in Year 1. All benefits are assumed to occur at the end of the year in which

All figures in $M (undiscounted)
Year 0 Year 1 Year 2 Year 3 Year 4 Year 5

benefits of PDM 1.0 1.0 1.0 1.0 1.0
costs of PDM 2.0
annual cash flow -2.0 1.0 1.0 1.0 1.0 1.0
cumulative cash flow (undiscounted) -2.0 -1.0 0.0 1.0 2.0 3.0

Fig. 13.34 Undiscounted costs and benefits

All figures in $k (10% discount rate)
Year 0 Year 1 Year 2 Year 3 Year 4 Year 5

benefits of PDM 909.0 826.4 751.3 683.0 620.9
costs of PDM 2000.0
annual cash flow -2000.0 909.0 826.4 751.3 683.0 620.9
cumulative cash flow (discounted) -2000.0 -1091.0 -264.6 486.7 1169.7 1790.6

Fig. 13.35 Discounted costs and benefits
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All figures in $k (41.05% discount rate)
Year 0 Year 1 Year 2 Year 3 Year 4 Year 5

benefits of PDM 708.9 502.6 356.3 252.6 179.1
costs of PDM 2000.0
annual cash flow -2000.0 708.9 502.6 356.3 252.6 179.1
cumulative cash flow (discounted) -2000.0 -1291.1 -788.5 -432.2 -179.6 -0.5

Fig. 13.36 Discounted costs and benefits, NPV close to zero

they appear. The benefits that appear in Year 1 are assumed to occur at the end of
Year 1, which is why they’re discounted.

The Cumulative cash flow row shows the cumulative cash flow at the end of each
year.

The Net Present Value shows the value (in Year 0) of all the discounted costs and
benefits of the project in the time period examined. When the Net Present Value is
negative, the rate of return of the project is less than the discount rate chosen for the
calculation. When the Net Present Value is positive, the rate of return of the project
is more than the chosen discount rate.

The Internal Rate of Return (IRR) is the discount rate that corresponds to the Net
Present Value being zero. When the NPV is zero, the discounted benefits are equal
to the discounted costs. For the project shown in the above table, it can be calculated
that for the Net Present Value to be zero, the discount rate has to be about 41.05%.

This is illustrated in Fig. 13.36, where the discount rate used was 41.05%, and
the resulting Net Present Value is $k −0.5, which is close to zero.

In Fig. 13.34, the payback time is visible. The payback time is the time it takes
for a project’s benefits to equal the initial investment. With undiscounted values,
the payback time for this project can be seen to be 2 years. In Fig. 13.35, where
discounted values are used, the payback time is not visible. But it can be estimated
to be about 2.3 years. The payback time increases as the discount rate is increased.
This is because the benefits are increasingly devalued, so take longer to equal the
costs. Usually, the payback time is only quoted for the simplest case (illustrated in
Fig. 13.34), that of undiscounted costs and benefits.

The IRR is often quoted. Sometimes it’s also referred to as the ROI (Return on
Investment).

To make the calculation showing the discounted cash flow calculation more com-
plete and understandable, the row of undiscounted benefits of PDM can be included
(Fig. 13.37).

All figures in $k (10% discount rate)
Year 0 Year 1 Year 2 Year 3 Year 4 Year 5

benefits of PDM (undiscounted) 1000.0 1000.0 1000.0 1000.0 1000.0
benefits of PDM 909.0 826.4 751.3 683.0 620.9
costs of PDM 2000.0
annual cash flow -2000.0 909.0 826.4 751.3 683.0 620.9
cumulative cash flow (discounted) -2000.0 -1091.0 -264.6 486.7 1169.7 1790.6

Fig. 13.37 Inclusion of undiscounted benefits
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All figures in $k (10% discount rate)
Year 0 Year 1 Year 2 Year 3 Year 4 Year 5

increase in revenues due to PDM (undiscounted) 500.0 500.0 500.0 500.0 500.0
reduction in costs due to PDM (undiscounted) 500.0 500.0 500.0 500.0 500.0
benefits of PDM (undiscounted) 1000.0 1000.0 1000.0 1000.0 1000.0

benefits of PDM (discounted) 909.0 826.4 751.3 683.0 620.9
costs of PDM 2000.0
annual cash flow -2000.0 909.0 826.4 751.3 683.0 620.9
cumulative cash flow (discounted) -2000.0 -1091.0 -264.6 486.7 1169.7 1790.6

Fig. 13.38 Further extension of the calculation

The benefits of PDM can be of two types. The first type is an increase in revenues
resulting from the introduction of PDM. The second type is a decrease in costs due
to the introduction of PDM. To make the calculation more complete, these two types
of benefit can be introduced as separate rows. Figure 13.38 results from assuming
that half the benefit of PDM comes from an increase in revenues, and the other half
comes from a decrease in costs.

The calculation can be further detailed by including the individual components
of the “Costs of PDM” and the “Benefits of PDM”.
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Chapter 14
PLM and the PLM Initiative

14.1 This Chapter

14.1.1 Objective

The objective of this chapter is to give a basic introduction to PLM Initiatives. This
will help those involved in a company’s PLM Initiative to participate more fully
in the activities of the Initiative. This chapter also aims to give students a basic
understanding of the aims and activities of a PLM Initiative.

14.1.2 Content

This chapter addresses the launch, roll-out and continuation of a PLM Initiative. The
first part of the chapter addresses the steps that lead up to a PLMInitiative. The second
part addresses the launch of the Initiative and some post-launch activities. The third
part of the chapter builds on the experience of working in PLM Initiatives with many
companies. It shares lessons learned from this experience. Examples are given of
frequently occurring situations. Common features of PLM Initiatives are described.
Pitfalls are outlined. Top management’s role in the PLM Initiative is addressed.

14.1.2.1 Skills

This chapter will give students, who’ve been assigned this book, a basic understand-
ing of PLM Initiatives. They’ll learn about typical activities in an Initiative. They’ll
be aware of some companies’ experiences with PLM Initiatives. And they’ll be able
to explain, communicate and discuss a PLM Initiative.
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14.1.3 Relevance

Many things happen in aPLMInitiative. Previous chapters have focused separately on
the components of the PLMGrid (Fig. 14.1) such as business processes, product data,
PLM applications, Project Management and Organisational Change Management.
Projects in these individual areasmay be complex, involvingmany people, decisions,
roles, costs and dependencies.

In a PLM Initiative, activities related to all of the components of the PLM Grid
take place. Many of them overlap or run in parallel. When they are combined in a
PLM Initiative, the situation becomes even more complex. The whole is more than
the sum of its parts. It’s useful to understand the steps that companies take to create
a PLM Initiative and to see some of the resulting experience.

Computing and communication environment 
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Fig. 14.1 The PLM Grid
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14.2 Definition and Introduction

14.2.1 Definition

14.2.1.1 PLM Initiative

The PLM Initiative of a company is an initiativewith two objectives. The first of these
is to improve the product-related performance of the company. The other objective
is to put in place, or to improve, the capability to manage products across their
lifecycles.

14.2.2 From Components to the Initiative

Previous chapters looked at components of PLM (e.g. business processes, product
data, PLM applications, Project Management and Organisational Change Manage-
ment) as if theywere separate. For each component, typical improvement projects and
activities were outlined. In all, more than a hundred such projects were mentioned.
Figure 14.2 shows just 32 of them, so about 70% of them aren’t shown.

Even with just these 32 projects, it can be expected that many questions will be
asked (Fig. 14.3).

The answer to the question “can we copy another company’s Initiative?” is “No”.
All PLM Initiatives are different, their details depend on all sorts of factors that are
specific to particular companies.

define Use Cases cleanse product data map the current process manage the Planning phase
mentor executives migrate product data define product data KPIs define new business processes
create workflows manage project risks manage the closure phase align change expectations
prepare new roles plan roll-out strategy model the future process maintain PLM applications
coach Team Members define Initiative KPIs plan roll-out activities develop a process glossary
define process KPIs implement a PDM system plan training activities develop new reward systems
plan OCM activities harmonise applications restructure product data manage Initiative start-up
select a PDM system develop an OCM glossary communicate about changes create new job descriptions

Fig. 14.2 Typical activities for particular components

what do we start with? how much overlap is there? how long will the Initiative run?
can we prioritise? how can we best use our team? do executives understand the Initiative?
what have we done? can we conjoin some projects? do we have a watertight business case?
which can run in parallel? are there fixed dates to meet? can we copy another company’s Initiative? 

Fig. 14.3 Some questions about activities in the PLM Initiative
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14.2.3 Different Companies, Different Initiatives

PLM Initiatives will be different in different companies because companies are in
very different situations when they start their Initiatives (Fig. 14.4).

There isn’t a single, off-the-shelf, PLM Initiative that will fit all companies. With-
out knowing the exact situation within a company, it’s not possible to know what
its Initiative should entail. This can be demonstrated by considering two companies
(Company A, Company B) of similar size and supply chain position supplying sim-
ilar products to similar OEMs in their industry. Company A reports that it’s reduced
its Engineering Change time by 80% by implementing a new PLM application.What
reduction do you think Company B can achieve by implementing that PLM applica-
tion?

The answer, of course, is that it’s impossible to give a meaningful answer. What
really happened in Company A? Is the 80% reduction due to implementing an appli-
cation or was it due to improving the business process? Was the process previously
manual or already automated? Does the reduction apply to all products or just to
one? Does it apply to all sites of Company A or just to one site? And how does the
environment in Company B relate to that in Company A? Has Company B already
implemented that PLM application? In which case it may already have achieved a
90% reduction in Engineering Change time.

The PLM Initiative in one company may be different from that of another just
because of the different span of activities. One company may only provide design
services, and focus on the development phase of a product. In its view, the main
activity of PLM may be the use of 3D CAD applications. Another company, such
as an aircraft manufacturer, may be involved with its products across their entire
lifecycle, which could be more than 50 years. In addition to applications, it may have
a much wider scope of PLM, also including business processes and product data.

14.2.3.1 Differences Between Industries

PLM is used in a wide range of industries. There are many differences between these
industries, and they have different PLM needs and priorities. As a result, although
PLM applies in many industries, it’s implemented and used differently in different
industries.

For example, in the automotive sector, companiesmust bring innovative newprod-
ucts tomarket frequently. Theymust also cut costs and improve productivity. Product
Development is seen as a key activity to achieve these targets. As in the aerospace

companies have different products, such as threshing machines and cat food
companies have different positions in the supply chain, such as an OEM or a Tier 2 supplier 
companies are at different maturity levels of PLM implementation
companies have different levels of PLM awareness, and different skills 
companies have different business objectives, and different reasons for starting the Initiative

Fig. 14.4 Different situations when starting a PLM Initiative
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50% faster product development better management of variants improved collaboration with partners
reduced data transfer time less time to communicate changes standardisation of processes across sites

Fig. 14.5 Some benefits of PLM in the automotive industry

industry, the definition of product geometry data has high priority in automotive
companies. Collaborative Product Development plays an important role because of
the high level of outsourcing and offshoring. Other components of PLM help max-
imise the reuse of components, parts and assemblies. Automated workflows speed up
processes such as Production Part Approval Process (PPAP) and Advanced Product
Quality Planning (APQP) and ensure compliance. European Directives are leading
car companies to manage the end of life of the product better. Companies across all
tiers of the automotive industry implement PLM to cut time to market, reduce costs
and increase new business achievement rates (Fig. 14.5).

Companies with long lifecycle products, such as aircraft and power plants, focus
on configuration management to support future access to data about the products.
These products are often highly complex, with electronic, software and electrome-
chanical components. There are regulatory requirements for data retention and audit-
ing. In aerospace companies, configuration management plays an important role.
Workflows speed up design reviews and change management. Collaborative Prod-
uct Development is important in this industry as development work is often shared
between several companies in different countries. Conformance with European Avi-
ation Safety Agency (EASA) and Federal Aviation Administration (FAA) require-
ments is needed.

In many high-tech industries, companies aim to be market leaders by bringing
innovative new products to market before competitors. They need short development
cycles and maximum reuse of existing parts. PLM brings many benefits (Fig. 14.6).
In the consumer electronics industry, the focus is on managing the BOM across
the Extended Enterprise. Companies have to take account of fast-changing global
and local trends. There’s an increasing need to meet environmental regulations and
compliance requirements such as those resulting from the Restriction of Hazardous
Substances (RoHS) and Waste Electrical and Electronic Equipment (WEEE) Direc-
tives introduced by the European Union. The RoHS regulations, for example, require
electronics companies to provide proof that they have complied with regulations lim-
iting the amount of six hazardous materials, including lead, in their products.

In industries such as industrial equipment, factory automation and heavy vehicle,
reliability is important for customers. Products, such as plastic injection moulding

reduced product development time increased outsourcing global access to product data
improved document management reduced product change cycles enhanced history tracking

Fig. 14.6 Some benefits of PLM in high-tech industries
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machines and bulldozers, are often complex and engineered-to-order. Configura-
tion Management is a key issue. Typical targets for PLM are change cycle reduc-
tions, reduced time to volume production, reduced rework costs and management of
customer-specific products.

In the pharmaceutical industry, the focus is on discovering new compounds, and
managing clinical trials. Idea Management is important, as is conformance with
regulations. Typical targets for PLM include more new products, extended product
lifecycles, reduced document control costs and improved product data visibility.

In the chemical industry, conformance with REACH, the EU regulatory frame-
work for the Registration, Evaluation and Authorisation of Chemicals is needed.
In the Nuclear Power industry, safety and security are all important. Regulations
depend on the country. In the US, for example, regulations are set by the Nuclear
Regulatory Commission. In the UK, it’s the Nuclear Installations Inspectorate. The
medical equipment industry needs to bring innovative products to market rapidly
and demonstrate compliance with Food and Drug Administration (FDA) regulations
requiring correctly controlled documents, drawings and data management proce-
dures. In the fashion industry, short time-to-market, fast response to change and
collaborative working between designers in one country and factories in others are
all important. Companies in the utility sector have to meet stringent environmental
regulations. With many small subcontractors involved in developments, exchange of
product data between different applications is a key issue.

Thus, although companies in different industries have similar objectives for PLM,
the exact requirements may differ. PLM isn’t “off-the-peg”, “one size fits all”. Func-
tionality and implementation priorities depend on the specific market needs and
objectives of each company.

14.2.3.2 Different Scope of Initiative

The scope of a PLM Initiative may vary greatly from the Initiative of one company
to that of another. In some cases, the PLM Initiative may address the entire PLM
Grid (Fig. 14.1). In other cases, the Initiative will only address some parts of it, or
perhaps just one part. In theory, it would always be best to address the entire Grid.
However, in practice, there are often good reasons why this option isn’t appropriate.
For example, a company may not have the time, or the resources, or the need, to
look at all areas. Or, it may already have looked at some areas. Or, it may be that top
management wants to limit the Initiative to a few clearly defined areas.

14.2.3.3 Different Starting Points for PLM

The way forward will be different for different companies. They’ll be approaching a
PLM Initiative from different starting positions (Fig. 14.7). Some may already have
experience of PLM, some may not. As a result, they’ll have different questions about
PLM.
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looking at PLM for the first time expanding an implementation from PDM to PLM
creating a PLM business case responding to competitive pressures 

Fig. 14.7 Different starting positions before a PLM Initiative

what is PLM? where does PLM fit with other initiatives in our company?
how and where should we start with PLM? our CAD and ERP vendors have different PLM concepts. Who’s right?
what should our PLM concept include? how can we improve our chances of success for PLM?

Fig. 14.8 Initial questions about PLM

what should we include in the business case? what figures are realistic?
how can we quantify the value of PLM? how do we calculate ROI?

Fig. 14.9 Questions about a PLM business case

A company looking at PLM for the first time may have many general questions
(Fig. 14.8). More experienced companies may already have the answers to such
questions.

A company that already has some experience with PLM may be creating a busi-
ness case for PLM. It may have already answered initial questions about PLM. At
this stage, it’s likely to have more questions including some very specific questions
(Fig. 14.9).

A company at this stage, of creating a business case, could be looking for the best
way to develop a justification of the PLM Initiative (Fig. 14.10).
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Fig. 14.10 Justification of a PLM Initiative
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what do we do next? how should we build a data model for the lifecycle?
where can we gain the biggest benefit? how do we address multiple applications resulting from acquisitions?
how can we get control of support costs? how can we automate our business processes?

Fig. 14.11 Questions when expanding from PDM to PLM

how can we produce more products faster? how can we support products world-wide?
how can we compete against low-cost producers? how can we innovate more great products?

Fig. 14.12 Questions oriented to improved business performance

Another company may be intending to evolve from departmental use of a PDM
application to an enterprise-wide approach to PLM. Expecting to expand its range
of activities, it’s likely to have some specific questions about business processes and
product data (Fig. 14.11).

Another company may be facing business drivers demanding much greater effec-
tiveness and efficiency. It may have a few questions about applications. Most of its
questions may address business issues (Fig. 14.12).

As the next section shows, the objectives of different companies may be very
different, and the resulting PLM Initiatives may address very different topics.

14.2.3.4 Different Objectives for PLM

The starting point for PLM should result from the objectives set by top manage-
ment. These are likely to be business objectives addressing cost, quality and time
(Fig. 14.13).

In addition to the business objectives, there may also be some operational objec-
tives for the PLM Initiative. These may be at the departmental level (Fig. 14.14).

The reasons to implement PLM differ from one company to another, and depend
on the particular position and objectives of the company. Many managers see cost
reduction as an important reason for introducing PLM.There aremany areas inwhich
costs can be reduced (Fig. 14.15).

reduce costs increase product revenues respond faster to changing markets
reduce product cost raise revenues of product-related services increase product innovation
reduce support costs improve time to market improve product quality

Fig. 14.13 Examples of business objectives for the PLM Initiative

optimise resources improve processes improve service improve development efficiency
ensure compliance improve decision-taking support distributed teams reduce the number of IS applications
automate release improve communication find information easily provide a single source of information

Fig. 14.14 Examples of operational objectives for the PLM Initiative
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product development costs personnel costs service costs
direct material costs prototyping costs Information System costs
warranty costs validation costs production costs

Fig. 14.15 Possible sources of cost reduction with PLM

improve conformance with requirements reduce return volumes reduce product faults in the field
prevent recurring product problems reduce complaint volumes reduce errors, rework, wasted efforts
reduce manufacturing process defects reduce COQ product data must be 100% correct

Fig. 14.16 Possible sources of quality improvement with PLM

reduce time to market reduce time to profit reduce project times
reduce time to volume reduce cycle times reduce project overrun time
reduce time to value reduce se-up times reduce engineering change time

Fig. 14.17 Possible sources of time savings with PLM

Quality Improvement is also an important reason for managers who are think-
ing of introducing PLM. They look to PLM to improve quality in many activities
(Fig. 14.16).

Time Reduction is another important reason for managers to introduce PLM.
They may see opportunities throughout the product lifecycle, not just in product
development (Fig. 14.17).

Business Process Improvement is an important reason for introducing PLM. In
many companies, managers are looking at streamlining and harmonising processes.
When companies re-engineer processes they have the opportunity to identify themost
effectiveway towork, removewaste activities and get Lean. The introduction of PLM
provides an opportunity for them to define and implement the best product-related
processes across the lifecycle.

Product innovation is becoming a prime concern for many companies. Increased
competition means they have to develop better products and develop them faster.
Executives may be frustrated by the low level of product and service innovation in
their companies. They want managers to develop new revenue streams and ramp
faster. They want to get increased revenues sooner. They’re looking for PLM to
increase the innovation rate without compromising creativity or quality.

Compliance is a concern for companies faced with more and more regulatory
requirements. Managing voluminous and often-changing regulations for different
products and services in different countries is a time-consuming task. PLM provides
product developers and compliance specialists with rapid access to the right informa-
tion. And it provides regulators the proof that their requirements have been met. The
proof comes in the form of documents. The templates, results, process descriptions
and workflows that are needed to demonstrate compliance can all be managed in the
PLM environment.

Mechatronic products contain mechanical, electrical, electronic and software
modules. Companies usually develop mechanical, electrical and electronic com-
ponents in a similar way, with similar processes and applications. However, in the
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improve business decisions manage product portfolios analyse product information across the lifecycle
provide traceability improve supply chain visibility provide feedback from each lifecycle phase
improve risk management manage engineering changes better enable better management of outsourced tasks

Fig. 14.18 Other potential improvement areas for PLM

past, the processes and applications used for software development have generally
been very different. Using two separate sets of processes and applications creates all
sorts of problems. It can lead, for example, to customers receiving control software
that doesn’t correspond to their product hardware. Managers look to PLM to provide
a better way to manage mechatronic products.

Collaboration has become increasingly important in the early 21st Century envi-
ronment of networked and fragmented research, development and support. Web and
collaborative technologies that support the PLM activity enable research and devel-
opment to be carried out in a well-managed way in multiple locations. They enable
product developers, sales people and service workers to interact with customers and
partners on a global basis. They allow product development and support to be car-
ried out on a 24/7 basis. Team members can be based anywhere yet work together
in spite of space, time and organisational differences. They don’t need to be co-
located. PLM enables them to achieve use and re-use of common parts, worldwide
engineering change management, and global information exchange, interoperability
and synchronisation.

Intellectual Property Management is a concern for many companies. Product
know-how is one of the most valuable resources in a company. It’s an increasingly
valuable resource for corporate growth, and must be kept secure. PLM provides
the “Intellectual Property Vault” for protection of product know-how in the face of
global competition and the potential risks from terrorism, blackmail and economic
espionage.

PLM is so pervasive in a company that it can also provide benefits in many other
areas (Fig. 14.18).

14.3 Getting Started with PLM

Executives and middle managers are aware of PLM and the need to do something
about it. They have many reasons for moving ahead with PLM (Fig. 14.19). They
see opportunities in many areas, but it may not be easy to get started on the best path
forward.
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the product is at the heart of business strategy. PLM enables a quantum leap in product innovation
PLM can meld collaborative Web tools and enterprise apps in a push for market-leading products
PLM is the final strategic building block for the CIO’s enterprise application architecture
PLM enables information automation and system integration with accurate and timely product data
PLM enables benefits for the 80% of the product-data consumer-base outside the R&D Department
PLM is the final plank of the Business Process Framework
PLM is a key lever for Innovation
PLM is a keystone activity of the Lean Enterprise
PLM is part of the foundations of the Extended Enterprise
PLM is a foundation stone for the company’s IoT and Industry 4.0 strategies
PLM increases earnings, getting better products to market faster, extending lives of mature products 

Fig. 14.19 Reasons for looking at PLM

14.3.1 Middle Managers, Executives

Due to the enterprise-wide scope of PLM, it can be difficult for middle managers to
launch PLM activities. They see the potential for major benefits, but find it difficult
to know where and how to achieve them. Middle managers are conscious, from their
everyday activities, of the need for PLM. However, it can be difficult for them to start
a PLM Initiative. Usually, they don’t have the required authority or responsibility. In
addition, they’re often overloaded with other activities and projects that have higher
priority and are already running. Frequently, the result is that they make little or no
headway with PLM. This can have many negative effects (Fig. 14.20).

Due to the enterprise-wide scope of PLM, it’s at the level of the VP (or business
executive of similar rank and power) that action has to be taken if the expectations of
PLM are to become reality. However, in the current highly competitive global envi-
ronment, many business executives feel that they’re already overloaded with respon-
sibility and work. Perhaps they’ve been given additional responsibilities extending
beyond their usual areas. For example, they may have been tasked with integrating
newly acquired companies, or with overseeing operations in China, Brazil, India,
Russia or South Africa. They may be involved in other projects, such as headcount
reduction and the introduction of Industry 4.0 techniques. With little time available,
they may not want to get involved with a subject such as PLM that can seem unclear
in both scope and potential benefit.

Another reason that executives may not be convinced that they should invest time
and effort in PLM is its enterprise-wide character. This may lead them to look at
PLM and decide it doesn’t lie in their particular domain of responsibility. A CIOmay
get the impression that PLM is mainly an issue for Product Managers and Product
Development Managers. But Product Managers may see PLM as being mainly a
question of applications, so lying in the IS area.

Another issue is that some experience-hardened business executives may be scep-
tical of claims for new breakthrough approaches and technologies. They may see

decisions about next steps for PLM are delayed problems arise with partners wanting to move ahead faster
achievements of PLM benefits is slow frustration of product developers and product managers
the company falls behind its competitors the company’s PLM progress stalls

Fig. 14.20 Effects of making limited headway
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PLM as just one more breakthrough among the many that are touted. It may be dif-
ficult to convince them that it will bring success, and is worthy of their attention.
Other executives may be looking for short-term improvements with an impact on the
financial figures in the next quarter. They’re likely to consider that PLM doesn’t fall
in that category.

Another difficulty is that, in many organisations, there’s not yet a corporate strat-
egy, plan or funding for PLM. There’s no PLM budget, and executives haven’t been
assigned to PLM, or set an annual target for PLM. As a result, none of the executives
feel any responsibility for PLM.

14.3.2 Company and Personal Dilemmas

Adilemma arises inmany companies as people see the need for, and the opportunities
of, PLM yet don’t see the expected resulting action. On one hand, there’s a feeling
in the company that PLM should be implemented. On the other hand, due to various
concerns, there’s little progress with implementation (Fig. 14.21).

In this situation, with PLM looking strategic, but not being acted on by high-level
executives, middle managers face a dilemma. Should they try to do something about
PLM, or should they forget about PLM and carry on with “business as usual”?

If they do try to do something about PLM, they may well be seen later as having
been instrumental in helping the company to achieve major benefits through PLM.
They may enable the company to seize new opportunities and solve long-running
problems. They’ll stand out from timeservers and self-seekers. Of course, on the
other hand, if they try to do something about PLM without support from above, they
could expose themselves to criticism for not doing what they’ve been told to do. They
could be blamed for not following the plans prepared by their bosses. Even worse,
they could be accused of lowering morale and productivity by pointing out areas of
weakness and making suggestions for improvement. Sometimes, such managers, not
sure how to proceed, start to make a list of reasons to justify why they don’t need to
do anything about PLM (Fig. 14.22).

Then they go back to work on everyday business. At the back of their mind, new
entries for the list appear. After a while, they go back to the list, and add a few more
reasons (Fig. 14.23).

Then such managers go back to work on their everyday business. At the back of
their mind, new entries for the list appear. After a while, they go back to the list, and
add a few more reasons (Fig. 14.24).

business executives are stretched with other tasks headcount reduction has led to a lack of resources
there isn’t a clear vision of PLM for people to aim at PLM responsibility isn’t defined
awaiting market improvement before starting new initiatives the company is busy with other projects 
PLM not falling into an individual department’s scope PLM looks too strategic and long-term

Fig. 14.21 Factors holding back PLM progress
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1 there are already many projects running in the company
2 PLM isn’t the only issue in today’s global industrial environment
3 the company has slimmed down. There aren’t enough people for a PLM project
4 few people have a broad enough overview to lead a PLM project
5 it’s not clear who should be responsible for PLM
6 business executives are overloaded with other tasks
7 the CFO has put new initiatives on hold
8 middle managers are stretched with other tasks
9 middle managers don’t have the authority to launch company-wide activities
10 people enjoy fire-fighting the present environment. Why rock the boat?
11 many people can’t see the potential improvements that PLM offers

Fig. 14.22 A first list of reasons justifying a lack of PLM action

12 managers of projects that overlap with PLM will fight it. They want to keep their projects
13 PLM will be massive, but it’s not clear exactly what it is, or what its scope will be
14 people talk of PLM in different contexts. This is confusing
15 people who don’t know about PLM find it difficult to understand how it can help them

Fig. 14.23 More reasons to justify a lack of action

16 executives don’t understand enough about products to see the need for change
17 the company is focused on short-term payback. PLM looks long-term for the CFO
18 PLM looks confusing and difficult to succeed with

Fig. 14.24 Yet more reasons to justify a lack of action

PLM isn’t in the company’s annual plan or budget there’s a lack of documented PLM Best Practice
there’s a lack of methodologies to implement PLM the CIO is concerned about expensive integration 

Fig. 14.25 Even more reasons to justify a lack of action

Then the managers go back to their everyday work. After a few weeks, they begin
to think about PLM again, and find some more reasons for the list (Fig. 14.25).

Having made such a list, the manager realises that it might be better to try to do
something about PLM. Otherwise, they could be accused of being negligent. Or of
not offering the company the opportunity to make major gains with PLM. Of course,
themanagermay then think that PLMwill come one day anyway, and for themoment
it’s probably not required, as top management hasn’t asked for it. And of course, they
can comfort themselves with the thought that there’s no way they can do it on their
own. So they might just as well wait until their boss tells them to do something about
it. And of course, if they did try to do something about PLM, they would expose
themselves to criticism for doing something that wasn’t in their job description. So
they may think that the best way forward is to get on with that small improvement
project which was planned the previous year, even though it probably won’t lead to
significant results.
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in previous years, the company had many performance improvement projects, for example, to implement 
new application software, define business processes, and take on board Concurrent Engineering
in spite of all the past projects, there’s a problem related to some of the company’s products. There’s a lot 
of discussion about how to solve it. The usual way to solve it would be to launch an improvement project 
when middle level managers start looking at the details of the proposed improvement project, they see 
many causes for the problem. And these involve several processes and several departments
they realise that what’s needed is some kind of overall joined-up PLM approach that addresses the 
problem in a wider context of many applications, processes, and methods 
they think about starting a project to develop an overall PLM Vision and Strategy
they look round the organisation for someone to lead such a project, but find that, after all the downsizing, 
offshoring and outsourcing, nobody has the time to do it
they look outside the company, and are quoted more than $50k by consultants for a PLM Strategy
they discuss if they really should spend $50k on a voluminous report, or if they should invest in licenses for 
a new application that will make everyday work easier
they decide to buy the new licenses and start the improvement project, even though they think it would be 
better to address the problem in a project with a wider scope
they continue to think about how to find the resources to develop a PLM Vision and Strategy
while thinking about this, some more product-related problems (such as lack of product innovation, product 
configuration errors, field failure reports being lost) occur, and get their attention
when they look at these problems, they see that these problems don’t have a clearly-defined stand-alone 
scope, but involve several processes, several applications and several departments
this confirms the feeling that what’s really needed is some kind of overall joined-up PLM approach
however, another review of availability shows there’s nobody available to lead an initiative, and none of the 
business executives have been given the responsibility for PLM
they start some more small projects to address the latest product-related problems

Fig. 14.26 A repetitive situation for middle managers

14.3.3 Not Progressing

These dilemmas have arisen for many managers in many organisations. They lead
to a repetitive situation, akin to going round in circles (Fig. 14.26).

14.3.4 Getting to the Start Line

Many companies face a dilemma over PLM. On one hand, it’s clear that PLMmakes
sense and that it’s necessary. It’s clear that PLM makes sense and that it’s gaining
in importance and acceptance. On the other hand, it’s not clear what to do about it,
how to do it, or who should take action.

However, it’s clear that, at some stage, the person who will have to take action is
a top-level executive with the authority and responsibility to address a subject that’s
enterprise-wide and addresses products, processes and applications. Someone who’s
responsible for ensuring the company improves business performance and makes
money for shareholders. In other words, a top-level executive.

It’s clear that the top-level executive may not have the time to get deeply involved
with PLM. However the executive can set up and sponsor a company-wide PLM
Initiative under the leadership of a senior manager. It’s also clear that the action will
include the launch of a PLM Initiative, the development of a PLM Strategy and the
deployment of PLM. And presumably it’s clear that before the top-level executive
can launch the Initiative, someone else will have to explain the case for PLM to them,
very clearly and concisely, and in language they understand (Fig. 14.27).
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1 PLM manages the product all the way across its lifecycle. (There’s been nothing available to do this in a 
coherent way, and that’s caused problems)

2 PLM provides visibility about what’s happening to the product across the lifecycle. (It will be clear what’s
happening with products and projects)

3 PLM gets products under control across the lifecycle. (Which means that executives will be in control, face less 
risk and have more influence)

4 In the past, products were to a certain extent managed across the lifecycle, so a lot of the components needed 
for PLM already exist. (Which means that PLM doesn’t involve starting from new, but building on what already 
exists)

5 The benefits of PLM are measurable and visible on the bottom line. (Typical targets for PLM are to increase 
product revenues by 30% and to decrease product maintenance costs by 50%)

6 PLM is holistic. (PLM doesn’t just address one resource, and improve use of that resource while reducing the 
effectiveness of other resources)

7 There’s currently not an off-the-shelf solution for PLM. (Which means that each company must define its own 
solution for PLM)

8 With PLM, one person will be responsible for all the products, which will be visible and under control. (Instead 
of having unclear multiple responsibilities) 

9 The company should launch a PLM Initiative. (PLM enables the company’s product-related objectives to be 
achieved)

Fig. 14.27 Potential contents of the presentation to the top-level executive

In many companies, the explanation will be given in the form of a PowerPoint
presentation which will be prepared and presented by one or more people who report
to that executive. And the objective of the presentation will be to help the top-level
executive take action.

The objective of the presentation isn’t to explain all the details of PLM to the exec-
utive. Thepresentation shouldn’t be long. It could include about 20 slides (Fig. 14.28),
and take about an hour to present.

After initial discussions betweenmiddle managers, the possibility of making such
a presentation can be discussedwith a key executive. A draft presentation can be built.
The subject can be discussed again with the executive, this time with the help of the
slides.More feedbackwill help improve the presentation.Other peoplewill be invited
to join the discussion. Before long, the executive will be making the presentation to
other executives, and the company will be on the way to PLM.

Discussing and creating a presentation doesn’t take long. And the timeline for the
above activities doesn’t have to be long either (Fig. 14.29). Three months should be
enough.

Fig. 14.28 Structure of the
presentation to the top-level
executive

1 Title of the presentation 1 slide
2 Contents of the presentation 1 slide
3 Objective of the presentation 1 slide
4 This is PLM 8 slides
5 PLM: our benefits and opportunities 4 slides
6 Three ways to move forward with PLM 3 slides
7 Ten step approach to PLM Launch 2 slides

Fig. 14.29 Timeline for
preparing to launch the PLM
Initiative

Month 0 Meet with the executive
Month 0 Create draft presentation 
Month 1 Show presentation to executive
Month 1 Improve the presentation
Month 1 Present the presentation again to the executive
Month 2 Discussions with other executives
Month 3 Define and launch the PLM Initiative
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14.4 Approaches to a PLM Initiative

14.4.1 Standard Approach

Some clearly defined steps are frequently found in PLM Initiatives (Fig. 14.30).
However, many companies take a pick-and-mix approach to these steps. The contents
and structure of the resulting Initiative often dependonwhat they’ve already achieved.

The resulting Initiatives will all be multi-step but the details will be different in
different companies. Some examples are shown in Fig. 14.31.

14.4.1.1 Standard Approach, Different Steps

With so many differences between the needs and situations in different companies,
it’s not surprising that the steps taken in the resulting PLM Initiatives will be very
different (Fig. 14.32).

For a truly enterprise-wide PLM Initiative, the first step may be to develop and
communicate a Vision of the proposed new environment, including a future PLM
Strategy, so that everyone knows where they’re going. The step after that could be to
define an Implementation Strategy to achieve the PLM Vision. Then an Implemen-
tation Plan could be developed. Once the plan has been implemented, the benefits
can be harvested.

At the other extreme, a company’s approach to PLM may be limited to depart-
mental cherry-picking. In this case, the Vision, and even the Strategies, may not be
needed. In all cases though, a plan will be needed to show what has to happen, when
it should happen, and who does what to make it happen.

carry out a Feasibility Study develop the PLM Implementation Strategy
understand the Current Situation develop the PLM Implementation Plan
develop the PLM Vision build a Financial Justification of the Initiative
develop the PLM Strategy develop the PLM Initiative Charter 

Fig. 14.30 Frequent steps in a PLM Initiative

Path 1 Path 2 Path 3

Launch the PLM Initiative Launch the PLM Initiative Carry out a PLM Audit
Understand the Objectives of PLM Carry out a Feasibility Study Review PLM Vision/Strategy
Understand the Current Situation Understand the Current Situation Review Audit Results
Understand the Principles of PLM Strategy Develop the PLM Strategy Review Implementation Strategy
Understand the Future Situation Develop the Implementation Strategy Adjust the Implementation Plan
Develop the PLM Strategy Develop the PLM Implementation Plan Implement the Plan
Develop the PLM Implementation Strategy Implement the Plan 
Develop the PLM Implementation Plan
Implement the Plan

Fig. 14.31 Different paths to implementation
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Fig. 14.32 Different steps taken in different companies

it’s an information strategy it’s about managing products across lifecycles
it’s about reducing time to market it’s to improve innovation, we had it in my previous company
it’s to produce and support our products better it’s to manage CAD data, so first we need to select a PDM system
it’s to implement a single database worldwide it’s like Configuration Management, forget it, we already do it
I’ve read blogs about PLM, I’m totally confused I’ve heard a lot about it but, to be honest, I don’t know what it is

Fig. 14.33 Differing views among Initiative Team members

we need to get the CIO involved upfront so we fit the IS architecture we need to hire a good consultant
we’ll start by selecting a PDM system, and take it from there first we’ll define a data model
we need the business to define its requirements we already have PLM
we should start with a business process landscape let’s start with a Feasibility Study

Fig. 14.34 Differing views on getting started with the PLM Initiative

14.4.1.2 Getting Alignment of Views

Afrequent activity inmany companies is to get alignment on a commonviewof PLM.
At the beginning of the Initiative, people in the company may have very different
views of PLM (Fig. 14.33).

Not only may Team members have different views of PLM, they will probably
also have different views on how to get started with the Initiative (Fig. 14.34).

14.4.1.3 Feasibility Study

The range of possible PLM Initiatives is very wide. The PLM Initiative of a particular
company may fall anywhere in the range between “supremely strategic” and “totally
tactical”. For a company with little knowledge or experience of PLM, a feasibility
study can be a goodway to find outwhat type of approach, andwhat level of response,
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Cost

Benefit 

4. Implement a 
supremely strategic 
enterprise-wide 
ini a ve aiming for 
new products and 
lifecycle control

3. Make totally tac cal 
improvements across 
several func ons

2. Make opera onal 
improvements in a specific area

1. Do nothing

Fig. 14.35 From totally tactical to supremely strategic

is appropriate. Figure 14.35 shows four options that can be evaluated in the Feasibility
Study.

Different options have different costs and different benefits. Evaluating different
options will make it clear to everybody what the PLM Initiative is going to address,
what it’s likely to cost, and what it’s expected to achieve. It’s important to make clear
to everybody concerned just what the PLM Initiative is expected to achieve. The
results of the different approaches are very different. There’s a danger that peoplewill
expect strategic results froma tactical approach and a tactical investment.Major gains
come from long-term strategic approaches, not from short-term tactical projects.
However, this goes against the philosophies of “getting something for nothing” and
“getting something for nothing, fast”.

In the Feasibility Study, the activities carried out for each of the four options are
similar (Fig. 14.36).

The Feasibility Study should lead to the selection of one of the Options. The
results of the Feasibility Study should be documented in a Feasibility Study report
(Fig. 14.37).

The Feasibility Study may lead to the identification of the need for some specific
actions (Fig. 14.38).

document the objectives and the scope of the option
identify the benefits of achieving the objectives, and estimate their financial value
identify the activities and effort required to achieve the objectives, and estimate their cost
create the business case 
create an outline plan for implementation of the activities identified

Fig. 14.36 Activities for each of the options
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Feasibility Study : Options for our PLM Activity

Table of Contents 

1. Executive Summary and Recommendations 

2 Introduction 
2.1 Background to the Study 
2.2 Approach for the Study 

3 Current Situation 
3.1 Business Objectives
3.2 Current PLM Activity 

4 Description of the Options 
4.1 Option A    Do Nothing  
4.2 Option B    Departmental Improvements 
4.3 Option C    Cross-functional approach 
4.4 Option D    Strategic enterprise-wide initiative 

5 SWOT Analysis 

6 Conclusions and Proposed Next Steps 

Appendix   Detailed Information

Fig. 14.37 Contents of a Feasibility Study report

better understand the product lifecycle manage product development projects better
better understand activities across the lifecycle define the roles in the product lifecycle
use a PLM phase/gate methodology across the lifecycle define end-of-life needs
position and quantify each product in the lifecycle define product grouping
train people to work effectively in a lifecycle environment use a PDM system across the lifecycle
maintain and reuse product development knowledge define information needs across the lifecycle 

Fig. 14.38 Actions identified in a Feasibility Study

14.4.1.4 The Current Situation: Steps and Structure

A very good understanding of the activities and the resources in the product lifecycle
is an important component of a PLM Initiative. This understanding must be based
on factual information, not on guesses and opinions. If you don’t know the current
situation, you may be missing key information that you need before making your
proposal for the future situation. If you don’t know what you have, or what the
problems are, it’s going to be difficult to know what you’re going to improve, or fix,
and why. There are probably things that you need to remove before you add new
things. There could be many things that work very well. You may not want to change
them, because changing themmight impair performance, not improve it. If you don’t
know the current situation, you may miss easy improvement opportunities. If you
know what you do badly, you can make sure you don’t do it again in the future, and
don’t propose the same wrong things for the future. And, to successfully implement
change, you need to communicate it to, and convince, many people. You need to
communicate a clear documented message. If you can’t even explain how things are
today, it’s unlikely that anyone’s going to believe your suggestions for the future.

Understanding and documenting the Current Situation is a 14-step activity
(Fig. 14.39).
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1. Start the Current Situation activity 

2. Confirm the objectives 
3. Confirm the scope 
4. Clarify the reporting requirements 
5. Clarify the methods to be used 
6. Provide training if required 
7. Identify the information needed to document the Current Situation 
8. Develop the approach to get this information 
9. Create the report structure 

10. Get the required information 
11. Review the information 
12. Write the report 
13. Finalise the report 
14. Present the report 

Fig. 14.39 Steps to understand and document the current situation

surveying lifecycle participants holding meetings of study groups carrying out interviews
documenting real-life examples reviewing documentation modelling and mapping

Fig. 14.40 Possible activities when describing the current situation

Fig. 14.41 Example of the
contents of the Current
Situation report

The Current Situation Report

Table of Contents 

Executive Overview 

Section 1 Objectives 
Section 2 Methods  
Section 3 High-level Findings 
Section 4 Details for each Component  
Section 5 Next Steps 

Appendix 1 Interview Schedule 
Appendix 2 Additional Details

Figure 14.40 shows some of the methods that may be used in the activity of
describing the current situation.

Two documents should result from the activity of describing the current situation,
the Current Situation Report and a PowerPoint presentation. One of the dangers
when describing the current situation is that important information can get lost in
the mammoth amount of data that’s collected. As a result, it’s useful to define the
shape of the report before starting to collect data (Fig. 14.41). The main findings of
the current situation should also be documented in a PowerPoint presentation that
the Initiative Leader can present to top management.

14.4.1.5 A PLM Vision: Steps and Structure

A PLM Vision represents the best possible forecast of the desired future PLM sit-
uation and activities. It outlines the framework and major characteristics of future
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Year 0 Year n

Vision of 
PLM

Current PLM
Situation / Strategy

Fig. 14.42 The PLM Vision

activities. For some companies, one step in the Initiative will be to develop and com-
municate a PLMVision for the future environment (Fig. 14.42). They’ll do this to find
out where they’re going in the future, and to help everyone share this understanding.

One of the risks when describing the future situation is that people will describe
what they understand, and what interests them, but not what’s wanted. Describing
what they, personally, want is relatively easy. However, it can be a daunting task
to describe what others may want, but don’t communicate and perhaps can’t even
be imagined. To help keep on track, it’s useful to define three targets in advance
(Fig. 14.43).

Defining the deliverables upfront will help define the approach. The deliverables
will depend on the scope of the project. As the scope is likely to differ from one
company to another, the deliverables are also likely to differ. However, there are
some common deliverables (Fig. 14.44) that we’ve seen in many projects.

Development andmaintenance of thePLMVision is a 16-step activity (Fig. 14.45).
Figure 14.46 shows the typical structure and content of a PLM Vision report. A

report like this will help people throughout the company to understand the targeted
future PLM environment.

the approach for describing the future situation the information that will be needed the deliverables to produce

Fig. 14.43 Three targets to define in advance

a description of the scope and the objectives a list of expected benefits
a brief overview of the scenarios created and investigated a business case model of the future situation
a brief overview of the expected overall future situation some KPIs and their target values

Fig. 14.44 Frequently encountered visioning deliverables
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1. Start the Visioning activity

2. Clarify the objectives
3. Identify the factors to be addressed 
4. Identify the questions to be answered
5. Get information to answer the questions
6. Develop some drafts of the Vision (scenarios)
7. Document the scenarios
8. Test the scenarios to see if they answer the questions and meet the objectives

9. Unless there are at least three reasonable scenarios, return to Step 3
10. Carry out SWOT analysis on the reasonable scenarios

11. Identify the preferred scenario
12. Add the strengths of the other scenarios to the preferred scenario

13. Test the scenario to see if it answers all the questions and meets the objectives
14. If there are doubts about the scenario, return to Step 3

15. Document the Vision that answers all the questions and meets the objectives

16. Maintain the Vision

Fig. 14.45 Steps to develop and maintain the PLM Vision

Fig. 14.46 Example of the
contents of the PLM Vision
report

Title : The PLM Vision Report

Table of Contents

Executive Overview

Section 1 — The PLM Initiative
1.1 Recommendations from the PLM feasibility study
1.2 Driving forces for PLM
1.3 Critical issues for PLM

Section 2 - The Company
2.1 Company objectives and strategy
2.2 Key success factors for the company
2.3 Key issues : markets, customers and competitors
2.4 Key issues : products

Section 3 - The PLM Vision Development Approach
3.1 Data gathering
3.2 Scenario development
3.3 SWOT analysis
3.4 Scenario selection

Section 4 - The PLM Vision

Appendices
1. Team Members
2. Interviews
3. Details for each specific area

14.4.1.6 The Future PLM Strategy: Steps and Structure

The future PLM Strategy describes how PLM resources will be organised, managed
and used (Fig. 14.47).

Developing the future PLM Strategy is a 9-step activity (Fig. 14.48).
It’s useful to define the shape of the PLM Strategy Report before starting to

develop the Strategy. Teammembers will then be aware of what they have to achieve.
Figure 14.49 shows the typical content of the PLM Strategy report.
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Year 0 Year n

Current PLM
Situation / Strategy

Future PLM
Situation / Strategy

Fig. 14.47 Current and future PLM strategies

Fig. 14.48 Steps to develop
and communicate the future
PLM Strategy

1. Start the activity to develop the PLM Strategy 

2. Clarify the reporting requirements 
3. Create the report structure 
4. Gather information about the Future Situation 
5. Develop Candidate Strategies (scenarios) 
6. Select the Preferred Strategy 

7. Finalise the report 
8. Present the report 

9. Communicate the Strategy 

14.4.1.7 Financial Justification of the PLM Initiative

Every year, companies have the opportunity to invest in a variety of new and ongoing
short-term and long-term projects. These could include projects to introduce new
products, improvemanufacturing productivity, develop the corporate image, improve
processes and implement new applications. Someone, somewhere, has to select the
most suitable projects for the company.

Top management has a difficult task in choosing which projects to fund. Most
of the projects will appear important. They will often involve a large initial invest-
ment, appear to have a major effect on the company in the long term, and have the
potential for creating major upheavals. Top management is unlikely to understand
the projects in detail, so will be heavily influenced by the people proposing projects,
and the written proposals.

When a PLM Initiative proposal is presented to management, it should contain
a financial justification that shows the required investment and running costs, the
expected benefits, the expected return, the risks associatedwith the investment and the
effect of the investment on other areas of the company. Without such a justification,
top management will be unable to decide either if the project is worthwhile, or if it’s
a better choice for investment than other projects.
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Title : The PLM Strategy Report

Table of Contents 

Executive overview 
Section 1- The company 
  Company objectives and strategy 
  Critical issues and key success factors for the company 
  Strengths and weaknesses of the company’s competitors 
Section 2 — The surroundings
  Recent changes in the environment 
  Current environment 
  Expected changes in the future environment 
Section 3 - The activities in the lifecycle
 PLM objectives 
 Current situation of PLM activities and resources  

Future situation of PLM activities and resources 
 Brief description of the selected PLM strategy 
 Analysis of the selected PLM strategy 
              o strengths and weaknesses 
              o response to opportunities and threats 
              o fit to company strategy 
Section 4 - Detailed description of the PLM strategy. Organisation and policies 
a. products and services 
b. portfolio 
c. customers 
d. activities, processes
e. facilities
f. human resources 
g. technology 
h. practices 
i. information 
j. information systems 
k. standards 
l. relationships with other activities 
m. interfaces
n. operations 
o. metrics 
p. planning and control 
q. quality 
r. finance 
Section 5 - Change strategy 
Section 6 - Outline implementation plan 
 major projects: objectives timing, resources, costs, benefits 
 project dependencies, priorities, organisation 
Section 7 - Outline first year operating plan 
Appendix 1 Detailed information about the Future Situation 
Appendix 2 Detailed information about Strategy development and selection 

Fig. 14.49 Example of the content of a PLM Strategy report

Two types of benefit can result from the PLM Initiative, those that result in
increased revenues and those that result in a reduction in costs. There are many
ways in which PLM can increase revenues. Some examples are given in Fig. 14.50.

A reduction in costs is another potential benefit of PLM. This can be achieved in
many ways across the product lifecycle (Fig. 14.51).

A PLM Initiative will have associated investment and running costs. Figure 14.52
shows some typical initial costs.

increase the number of customers increase the percentage of customers re-ordering
increase the price paid by customers increase the frequency with which customers buy
increase the number of products a customer buys increase the range of services that customers buy

Fig. 14.50 Some ways in which PLM can increase revenues
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reduce the number of product developers reduce costs of storing information reduce warranty costs
reduce the number of support staff reduce the cost of quality reduce inventory 
reduce the cost of materials reduce energy consumption reduce rework costs

Fig. 14.51 Benefits that result in a reduction in costs

initial investment in PLM applications (software) initial investment in infrastructure
application selection costs awareness training and education

Fig. 14.52 Typical initial costs

further investment in PLM applications  PLM application maintenance costs cleaning product data 
PLM application management and operations on-going training and education loading or migrating data
development of new working procedures on-going consultancy costs development of interfaces
further PLM infrastructure investment PLM application customising costs modification of procedures

Fig. 14.53 Typical sources of costs after the initial investment

Figure 14.53 shows typical costs after the initial investment. These are likely to
be incurred over several years.

14.4.1.8 The PLM Implementation Strategy

The PLM Implementation Strategy shows how resources and activities will be organ-
ised to achieve the future PLM Strategy. It shows the activities that have to be carried
out to get from the current use of PLM resources to the future use of PLM resources.

The PLM Implementation Strategy is likely to be very different in different com-
panies. Their current situation is different, their future situation is different. The
scope of activities considered is likely to be different. And there are many ways to
get from the current situation to the future situation. So, it’s to be expected that each
company will create a different Implementation Strategy.

Figure 14.54 shows three of the many potential PLM Implementation Strategies
(Path 1, Path 2, Path 3) for a particular company. Path 2 shows an implementation
strategy of the “Big Bang” type, with everything changing in Year n. Path 1 shows an
implementation strategy of the “Continuous Improvement” type, with many changes
being made one after the other. Path 3 shows a phased approach with a small set of
changes being introduced in each phase.

Developing the PLM Implementation Strategy and Plan is a 10-step activity
(Fig. 14.55).

It’s useful to define the structure and shape of the report before starting to develop
the Strategy (Fig. 14.56). Team members will then be aware of what they have to
achieve.

The PLM Implementation Strategy defines the activities that have to be carried
out to get from the current use of PLM resources in a company to the future use of
PLM resources. To be able to develop the Implementation Strategy, it’s necessary to
have a detailed understanding of both the current situation and the future situation
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Current PLM Situation 

Year 0 Year n 

Future PLM Situation

Path 1 

Path 2 

Path 3 

Fig. 14.54 Examples of PLM Implementation Strategies

1. Start the activity to develop the PLM Implementation Strategy 

2. Clarify the reporting requirements 
3. Create the report structure 
4. Gather information about the Current Situation and the Future Situation 
5. Understand the factors that may influence timing and priorities 

6. Develop Candidate PLM Implementation Strategies (scenarios) 
7. Select the Preferred PLM Implementation Strategy 

8. Detail the PLM Implementation Plan 

9. Finalise the report 
10. Present the report

Fig. 14.55 Steps to develop the PLM Implementation Strategy

The PLM Implementation Strategy Report

Table of Contents 

Executive Overview 

Section 1 Objectives and Approach 
Section 2 The Scenarios examined and analysed 
Section 3 The selected PLM Implementation Strategy 
Section 4 The proposed PLM Implementation Plan 
Section 5 Next Steps 

Appendix 1 Additional Details 

Fig. 14.56 Typical content of the PLM Implementation Strategy report
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Resource Gap Name Current Situation Future Situation

Processes
Product Idea No process Single company-wide process
Obsolescence No process Single company-wide process

Data
Product Numbering Multiple numbering systems Single company-wide system

Applications
PDM system 3 PDM systems used Single company-wide system

Fig. 14.57 Excerpt from a Gap Description Matrix

Gap Name Potential Gap Elimination Approaches

Product Idea develop the process based on currently perceived needs
develop the process with the help of Business Process Management consultants
use the process proposed by the vendor of whichever application will be used

use the best of the current in-house approaches
purchase a new best-in-class application
add customised functionality to the current PDM system
add customised functionality to the current ERP application 

Fig. 14.58 Excerpt from a Gap Elimination Matrix

in the company. For example, the description of the future situation may call for a
single PDM system, but there may be multiple PDM systems in the current situation.
There may not be an obsolescence process in the current situation, but an obsoles-
cence process may be required in the future situation. The gaps should be listed and
described in a Gap Description Matrix (Fig. 14.57).

With the gaps between the current and future situations identified, it’s time to
look for ways to close them. Several ways should be proposed to eliminate each gap.
They should be described in a Gap Elimination Matrix (Fig. 14.58).

The PLM Implementation Strategy will show how to get from the current use of
PLM resources to the future use of PLM resources. There are many ways to do this,
and the likelihood of finding the most appropriate at the first attempt is low. Several
potential scenarios should be identified and documented. Each scenario will show a
differentway to reach the future situation. Each scenario should be described in detail.
After the scenarios have been identified and described, they should be analysed. The
strengths and weaknesses of each scenario should be described. Analysis of the
scenarios leads to the identification of the preferred PLM Implementation Strategy.
This should be documented in detail and described in the report.

14.4.1.9 The PLM Implementation Plan

Each company will create an Implementation Plan built up of manageable and pri-
oritised sub-projects. The PLM Implementation Plan should show how the overall
vision will be achieved over the Initiative timeline. It should address the long term
and the short term. For the long term, it provides management with the information
necessary to understand activities, resources and timelines. The more specific the



516 14 PLM and the PLM Initiative

Phase Activity Y1 Y2 Y3 Y4 Y5

Prepare Phase 1
Execute Phase 1 activities
Prepare Phase 2
Execute Phase 2 activities
Prepare Phase 3 
Execute Phase 3 activities
Prepare Phase 4
Execute Phase 4 activities
Prepare Phase 5
Execute Phase 5 activities

Fig. 14.59 Timing of project phases

Activity M1 M2 M3 M4 M5 M6

Detail the plan for Phase 1 activities
Manage the Phase 1 activities
Carry out activities related to product structure
Carry out activities related to processes
Carry out activities related to product data
Carry out activities related to PDM
Carry out Portfolio Management activities
Finalise deliverables. Prepare report
Report Phase 1 activities 

Fig. 14.60 Lower level, more-detailed implementation plan

plan, the better. It should define an overall implementation timetable. It should show
how the PLM implementation will be split into manageable phases. There should
also be a more detailed plan for the first year.

Other views of the plan will showmore details of the activities. They’ll be needed
for people who participate in, and manage, the activities. Different views of the Plan
will be needed, with different levels of detail. One view could be a block diagram
showing in which years each Phase will take place (Fig. 14.59).

The short-term plan should show management which actions need to be taken
initially (Fig. 14.60). It should show achievement of benefits. The plan is more likely
to be accepted if it includes some actions that will lead to short-term savings and
other short-term benefits.

14.4.1.10 The PLM Initiative Charter

The Initiative Charter is a document describing and authorising the Initiative. It
outlines the reasons and objectives for the Initiative, its cost and benefits, and the
resources involved (Fig. 14.61). Depending on the company, it may range in length
from a few paragraphs tomore than one hundred pages. Some companies don’t create
an Initiative Charter, but include its contents in other documents.
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PLM Initiative Charter

Table of Contents

1 Introduction 6 Duration of the Initiative
1.1 Purpose of this Initiative Charter 6.1 PLM Roadmap and Major Milestones 

6.2 Timeline
2 Executive Overview of the Initiative 6.3 Plan and Schedule for Year 1

3 Justification for the Initiative 7 Budget for the Initiative
3.1 Business Objectives 7.1 Estimate
3.2 Business Impact 7.2 Funding
3.3 Strategic Positioning 7.3 Budget for Year 1

4 Scope of the Initiative 8 Organisation of the Initiative
4.1 Objectives 8.1 Roles and Responsibilities 
4.2 Business Requirements 8.2 Stakeholders (Internal and External)
4.3 Major Deliverables
4.4 Boundaries 9 Approval of the Initiative Charter

5.  Assumptions and Risks 10 Appendices
5.1 Assumptions A  Referenced Documents
5.2 Risks B  Glossary
5.3 Dependencies

Fig. 14.61 Example of the contents of the PLM Initiative Charter

14.4.2 The Ten-Step Approach

The multi-step approach described in the previous section is likely to take many
months. Another approach to starting the PLM Initiative is to take the Ten Step
Approach. It’s based on our experience of working with companies in many industry
sectors. Its aims correspond to those of many of these companies (Fig. 14.62).

Knowing these aims, we developed the ten steps of the approach (Fig. 14.63).
Experience shows that these ten steps help in understanding how PLM can be applied
to a businessmost effectively, and in getting executive approval for the PLM initiative
to proceed.

1 build a business case for PLM and get management buy-in to proceed
2 uncover hidden needs and opportunities for PLM beyond the obvious
3 identify the best PLM approach aligned with business objectives
4 clarify the scope of PLM
5 gain a clearer understanding of the ROI potential of PLM
6 define and prioritise a clear PLM Roadmap 
7 implement PLM quickly and cost effectively, avoiding pitfalls
8 improve the likelihood of overall PLM success

Fig. 14.62 Aims of the Ten-Step Approach

Fig. 14.63 The ten steps of
the Ten-Step Approach

1 PLM Status Review, Data Gathering 
2 Executive PLM Education and Awareness
3 Best Practice Positioning
4 PLM Concept Generation and Analysis
5 PLM Scope Definition; Strategy and Roadmap Generation
6 Business Benefits and Business Case Development
7 ROI Calculation
8 Management Report Preparation
9 Executive Presentation
10 Executive Decision Support
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The approach has been used in many companies, at different stages of PLM
progress, in many industries. It’s been found that the ten steps make it clear to
everyone involved what has to be done. In amedium-sized company, a typical project
will run six weeks (Fig. 14.64), a very cost-effective 6 weeks compared to themonths
or more of time taken with the multi-step, pick-and-mix approach.

Clearly defined deliverables for each step help show how the project will proceed,
and make sure that key findings and proposals are captured and retained (Fig. 14.65).
For example, the deliverable from the “PLM Status Review, Data Gathering” step
includes an overview of the current situation. Much of this will be in the form of text,
but it will also include numerous tables, lists and graphics such as histograms, pie
charts and radar charts to help visualise why certain recommendations are warranted.

The deliverables from the “PLM Concept Generation and Analysis” step include,
for each concept or option: a description; the benefits; the strengths and weaknesses;
other issues; main activities; elapsed time; manpower requirements; costs; risks.

The plans generated in Step 5 of the Ten-StepApproach include a detailed plan for
the next steps. In addition to the planned activities, this will also show deliverables,
participants and responsibilities (Fig. 14.66).

Step Wk 
1 

Wk 
2 

Wk 
3 

Wk 
4 

Wk 
5 

Wk 
6 

1 PLM Status Review; Data Gathering

2 Executive PLM Education and Awareness

3 Best Practice Positioning

4 PLM Concept Generation and Analysis

5 PLM Scope Definition; Roadmap and Plan Generation

6 Business Benefits & Business Case Development

7 ROI Calculation

8 Management Report Preparation

9 Executive Presentation

10 Executive Decision Support 

Fig. 14.64 The ten steps planned over 6 weeks

Step Main Deliverable

1 PLM Status Review, Data Gathering A report on the as-is situation, and expectations for the to-
be situation

2 Executive PLM Education and Awareness A PowerPoint presentation addressing potential benefits 
and opportunities of PLM

3 Best Practice Positioning Improvement opportunities, strengths and weaknesses
4 PLM Concept Generation and Analysis A report on potential PLM concepts, and reasons for the 

choice of a particular concept
5 PLM Scope Definition; Roadmap and Plan Generation PLM Scope; PLM Roadmap; Plans
6 Business Benefits & Business Case Development A report on expected costs, benefits, value and ROI
7 ROI Calculation A realistic calculation of Return on Investment
8 Management Report Preparation A Management Report and a presentation 
9 Executive Presentation Full understanding of the PLM proposal
10 Executive Decision Support A Go/No Go decision

Fig. 14.65 The deliverables from each of the ten steps
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Activity 1 2 3 4 5 6 7 8

Clarify PLM Vision, including future PLM Strategy
Detail the Current Situation
Detail the Future Situation
Develop the Implementation Strategy
Revisit the Roadmap 
Describe the Next Steps
Develop the Plan for the Next Steps
Report the Progress 

Fig. 14.66 The plan for next steps

The deliverables from the “Management Report Preparation” step are a compre-
hensive report and an accompanying PowerPoint presentation that can be presented
to executives.

14.4.3 After Initiative Launch

The end result of both the multi-step, pick-and-mix approach and the Ten-Step
Approach includes a Go/NoGo decision about the PLM Initiative from top man-
agement. In the case of a Go decision, the details of the required activities will have
been detailed in the Implementation Plan. Some of these activities have already been
described in the previous sections. Among those that have not been described are
Initiative Progress Reporting and the PLM Status Review.

14.4.3.1 Initiative Progress Reporting

With so much to do in a PLM Initiative, PLM team members sometimes forget its
objectives. They concentrate so much on short-term tasks, requiring completion in a
few days or weeks that the overall objectives disappear over the horizon. However,
executives are not so interested in the results of day-to-day tasks. They want to see
progress towards the targeted objectives. To keep stakeholders informed, the team
should develop and apply procedures to capture, at regular intervals, the data from
which such information can be prepared (Fig. 14.67).

14.4.3.2 Waning Interest and Pre-emptive Action

It’s not unusual that, as time passes, people become less interested in the PLM
Initiative. They look for a fresh and exciting new subject such as an Internet of
Things project, or an Artificial Intelligence Initiative, or the Corporate Industry 4.0
Program. They will be blind to any defects in their new project, yet anything that
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# Target To Date

1 Rate of introduction of new products +100% +25% 
2 Revenues from extended product life +25% +4%
3 Part reuse factor 7 2.2
4 Costs due to recalls, failures, 

liabilities
-75% -5%

5 Development time for new products -50% -5% 
6 Cost of materials and energy -25% -4%
7 Product recyclability 90% 12%
8 Product traceability 100% 22% 
9 Lifecycle control 100% 14%
10 Revenues from new services on 

existing products
+40% 0%

Fig. 14.67 Progress towards targets

goes wrong in the PLM Initiative will get magnified out of proportion. This waning
of interest can lead to serious effects (Fig. 14.68). In extreme cases, it can lead to the
Initiative grinding to a halt (Fig. 14.69).

To make sure that this situation doesn’t arise, the Initiative team needs to take
pre-emptive action (Fig. 14.70). On one hand, it needs to prevent disaster occurring.
And, on the other hand, it needs to take the time to communicate success.

Steering Committee stops steering executives lose interest users complain about project management
users complain about applications users carp about bureaucracy service providers don’t take responsibility
middle management gets defensive Key Users stop participating the Initiative Team is left with all the problems

Fig. 14.68 Effects of waning interest in the Initiative

Recognition
of need for PLM

Unclear needs
Resources underestimated
Lack of knowledge
Lack of support tools
Lack of agreement
Lack of understanding
Benefits unclear
Scope unclear
ROI unclear
Fear of failure

Fast take-off

Punishment of innovators

Careful re-launch
of the Initiative

Too fast

Forever higher
Before PLM

Fig. 14.69 Extreme effect of difficulties in the PLM Initiative
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take a rolling plan approach set realistic Initiative objectives be realistic about service provider involvement
include project buffer time develop a realistic plan and schedule document all changes to plans and schedules
prevent scope creep involve managers in the Initiative agree all changes with the Steering Committee
involve users in the Initiative prevent requirements creep tell the Steering Committee about successes

Fig. 14.70 Pre-emptive action

14.4.3.3 PLM Status Review

Occasionally, for example, every 9 months, there should be a formal review of
the progress that the initiative is making toward meeting the targets. The review
should lead to a detailed progress report. Deviations from plans should be noted and
explained. Proposals for changes to plans should be documented and discussed with
management.

Such a regular review shouldn’t be seen as a criticism of the Initiative team, which
is probably doing a great job and making a lot of progress. Instead, it should be seen
as a way of stepping back from everyday tasks, and an opportunity to look again at
the big picture. The resulting report should help with planning and moving forward.

The scope of the review may include questions on many subjects (Fig. 14.71).
There are several reasons for asking these questions (Fig. 14.72). One advantage

of a regular review is that it keeps the focus on business benefits. Unless the focus is

Is the Initiative scope clearly defined? Has any scope creep been reflected in the plan?
Were expected benefits identified at the start of the Initiative? Has progress to benefits 
been measured and reported?
Is there a plan showing current activities, and their objectives, resources, deliverables 
and reports? Is the plan up to date and realistic?
Is time worked on the Initiative recorded correctly?
Are the objectives, deliverables and reports clearly defined and documented?
Are requirements well documented? Is there a tracking system for requirements and 
changes to requirements? 
Are costs being tracked properly? Have cost variations been measured and reported?
Is there a Quality plan in place? Are there Quality checkpoints? Has there been an 
independent Quality review? 
Are there enough resources on the team? Are team members working full-time on the 
Initiative? Does the Initiative team have the right tools and skills?
Are roles and responsibilities clearly defined? Do they correspond to reality?
Is there a training plan? Have team members been trained?
Is there a change strategy in place? Has communication been extensive? Have 
changes to reward systems been addressed?
Have all key stakeholders been identified and involved in developing the plan?
Are external partners being used? Are there contracts to retain key external partners?
Is there an up to date risk management plan? Are regular risk reviews undertaken?
Is there an issue escalation process? Are there contingency plans?
Is the business providing the necessary level of support? Is there sufficient executive 
support for the Initiative?
Is there effective sponsorship? Is there an effective guiding group? 
Are Initiative documents well organised? Are they under version control? Are they well-
structured and understandable?
Are there agendas for meetings? Are there meeting minutes?

Fig. 14.71 Some questions for a PLM Status Review

identify and quantify the progress towards targets get a feel for any slippage between plans and reality
communicate the progress towards targets in the event of problems, put the Initiative on the right path 

Fig. 14.72 Reasons for a PLM Status Review



522 14 PLM and the PLM Initiative

an independent assessment of project progress high level of acceptance of results by management
an opportunity to communicate progress an opportunity to focus again on project objectives
expert advice concerning next steps support and communication of next steps

Fig. 14.73 Advantages of a PLM Status Review by an external expert

Option 2 allow the Initiative to continue, but with a new Initiative leader
Option 3 restart the Initiative with a new leader and/or a new team

Option 1 leave things as they are, hoping the team will be able to put things right with help from management

Fig. 14.74 Future options for the Initiative

maintained on the expected business benefits of a PLM Initiative, it’s unlikely that
they’ll be achieved. There are always many opportunities for a PLM Initiative to drift
off on a different tack that will take it far from the targeted destination.

Another advantage of a regular review is that it helps keep PLMon executive radar
screens. It’s only too easy for executives to agree to a large investment in PLM, and
then, faced with everyday fire-fighting activities in other parts of the company, forget
about the PLM Initiative, assuming subconsciously that it’s making good progress.

It’s often helpful to get an external expert to carry out the review. This has several
advantages (Fig. 14.73).

In many cases, the review will show that the Initiative is on the right track, and
making good progress. It may also show that a few improvements and adjustments
may need to be made.

However, in some cases, the review may show that the Initiative isn’t making
good progress. In such cases, it will probably be necessary to take a major decision
about its future course. There’ll probably be various options (Fig. 14.74).

The first option is unlikely towork. First of all,management probably doesn’t have
the time to provide the required support. And, without more management involve-
ment, it’s unlikely that the team is suddenly going to change its behaviour and act
differently. The second option may work, but it’s rarely the case that a PLM Initiative
only goes off course because of its leader. The third option will lead to another failure
unless a lot of work is also done to identify the causes of failure. Usually, these are
related to corporate and departmental culture. Unless they’re identified and resolved,
they’ll still be there to cause failure for the new team.

14.5 Learning from Experience

From experience in many Initiatives, lessons can be learned about success factors.
These can help an Initiative Leader to make good progress. Experience can also
be used to identify potential stumbling blocks. Most of the pitfalls that may hinder
the successful implementation of PLM are known. They’ve been experienced by
the pioneers. A known problem can be avoided. The Initiative Leader who is aware
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of potential barriers to success can take action to prevent them thwarting Initiative
progress.

14.5.1 From the Trenches

14.5.1.1 Different Scope

In our experience, the scope of the PLM Initiative has nearly always been different.
The only times that it has been the same have been when the company looks at the
entire PLM Grid (Fig. 14.1).

One company we worked with wanted better management visibility into the
progress, or otherwise, of product development projects. And they wanted prod-
uct development time reduced by 15%. And an effective obsolescence process. To
meet these targets, they didn’t need to address the entire PLM Grid.

In another company, the PLM Team had been told by top management of the
intended growth in revenues for the following 7 years, and was expected to develop
and implement a corresponding PLM Strategy. As a result, the Initiative looked at
the entire PLM Grid. The Team wanted to be sure they looked at all the issues.

Another company had product developers on many sites working for many OEMs
with different CAD/CAM/CAE applications. Top management was looking for a
common project management approach across the company. They were hoping to
include all development projects in a common portfolio, which would be managed
with a common enterprise-wide process supported by a common enterprise-wide
information system with a single database. And they wanted a multi-CAD solution
enabling them touse resources and skills effectively acrossmultiple projects and sites.
And they wanted to improve requirements management, particularly for software
development. Their PLM Initiative was focused on the product development part of
the Grid.

Another company, as a result of acquisitions, had several part numbering sys-
tems. Their objective was to introduce a common part numbering system across the
company. They didn’t need an Initiative to address the entire Grid.

In another case, a company wanted to introduce a cross-functional Stage and Gate
process and methodology supported by a PDM system. They had several different
types of project activity, including Product IdeaManagement, NewProduct Introduc-
tion, TechnologyDevelopment, Product Improvement and Technology Improvement
projects. They wanted all of these project types to have the same overall structure and
follow the same overall process, yet include the necessary specifics at the detailed
level. One of their targets was to be able to see the status of all projects, and that of
the overall Project Portfolio, at any time. Their Initiative didn’t address the whole
Grid, just a few parts.

One of our customers makes a more-or-less standard product. During the first
decade of the twenty-first century, the number of customers grew rapidly, with many
of them asking for small customisations to the product. The result was that, instead
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of having a single standard BOM, the company had very many slightly different
BOMs. The objective set by top management was to identify modular BOMs. For
that company, the scope was focused on product structure, product data structures,
and data objects.

However, another customer, as a result of acquisitions, had several different PDM
systems in different product divisions. The objective of top management was to
decide whether they needed to have these different PDM systems, or could use the
same system everywhere. In that case, PDM systems were obviously addressed in
the description of the current situation. And so were product structures, product data
structures, business processes and PLM applications.

The executives of another customer wanted to enable its product development
unit in China to collaborate with units in other countries. The scope addressed PDM
systems and other PLM applications such as CAD/CAE/CAM and ALM applica-
tions.

Another company wanted to find out why it was getting so few new products to
market. The scope focused on development and change processes, product structure
and product data.

14.5.1.2 Different Approaches, Different Results

It’s important to make clear to everybody concerned by the PLM Initiative just what
it’s expected to achieve. There’s a danger that people will expect strategic results
from a tactical approach and a tactical investment. Figure 14.75 shows the results of
one of our surveys into different types of approach.

The results of different approaches are very different. For example, cherry-picking
projects give results fast, but the results are limited in their effect. Major gains come
from long-term strategic approaches, not from short-term tactical projects.

14.5.2 Pitfalls for the PLM Initiative

Many pitfalls have been experienced by the pioneers of PLM. Known problems can
be avoided. There are two main categories of pitfall. The first category is related to
the planning of the PLM Initiative (Fig. 14.76).

Time 
period 

Productivity 
change 

Development 
cycle change

Product cost 
change 

Performance improvement approach

Uncoordinated cherry-picking and lemon-squeezing 6 months +4% -3% -3%
A short-term plan 1 year +12% -10% -9%
A three-year Strategy and Plan 3 years +40% -39% -28%
Integrated Vision, Strategy and Plan 5 years +100% -80% -41% 

Fig. 14.75 Different approaches, different results
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underestimating OCM not developing a PLM Roadmap not developing PLM Vision and Strategy
underestimating data migration not developing a detailed PLM plan not developing a PLM Implementation Plan
underestimating software costs thinking that PLM is an IS project not aligning Vision, Strategy, Plans, KPIs 
underestimating PLM scope not involving top management underestimating training and education need
not knowing business objectives not involving users underestimating the length of the Initiative
not knowing user requirements not appointing a senior leader for PLM not understanding PLM is enterprise-wide

Fig. 14.76 Pitfalls of PLM planning

not having a great Initiative Leader letting IS lead the Initiative implement systems before knowing the solution
not understanding business needs starting by customising -not starting with “low hanging fruit” 
holding off on starting the Initiative not involving users ignoring important activities that slow progress
going for a Big Bang starting before all are ready not measuring your success
focusing only on applications believing you can t fail not promoting your success ’

Fig. 14.77 Pitfalls of PLM implementation

As an example of one of these pitfalls, one company we worked with appointed
a PLM Initiative Manager who was hierarchically 5 levels down from the CEO. Not
surprisingly, the Initiative failed.

The secondmain category is related to Initiative implementation (Fig. 14.77).Dur-
ing implementation, unsuspected banana skins can be found in many areas, ranging
from finance to people.

During implementation, all sorts of problems may arise with funding of the Ini-
tiative. The underlying problem is often that there’s not enough money to fund the
Initiative properly. Usually, enough money is found for the purchase of applications,
but not for other activities such as Project Management and Organisational Change
Management. Even if the Initiative team thinks it’s got enough money, there’s a good
chance that some of it will be withdrawn before it’s been spent. Yet success hinges
on the success of these activities.

Many of the pitfalls are related to people, which is why OCM is so important.
Some issues may be related to top management, some to middle management and
some to users. Others are related to the Initiative Team. Top management may be
a source of problems for reasons such as lack of commitment, lack of leadership,
lack of support and lack of patience. Pitfalls at the middle management level may
be due to conflicts with personal goals, empire-building and fear of loss of power.
At another level, users may fear, for example, that a PDM system may play a Big
Brother role, or may lead to job losses. And the Initiative team may have its own
issues to face (Fig. 14.78).

lack of skills lack of maturity lack of recognition of Initiative complexity
lack of standards lack of recognition lack of recognition of need for PLM (compared to ERP, IoT, Industry 4.0) 
lack of training lack of understanding lack of recognition of the likely magnitude of change

Fig. 14.78 Big issues for PLM professionals
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14.5.3 Examples of the PLM Dilemma

The dilemmas described in Sect. 14.3 may seem absurd, but they surface in many
companies. And they can continue for a long time before a true PLM Initiative is
started. Here are some examples that I’ve experienced.

Company A, in process manufacturing, had been working for several years to
deploy a cross-functional product development process. Asked about PLM, they
replied that the CFO had said they would have to complete that deployment before
starting an initiative in the area of PLM.

Company B, in consumer electronics, had recently launched a corporate effort to
redefine all process maps to take account of globalisation, the new ERP application
and the Web. It was a major effort, and executives were wary of starting a parallel
PLM initiative. They said the company couldn’t handle two major initiatives at the
same time.

Company C, in the telecoms sector, was in a phase of merger and restructur-
ing in response to global changes in that industry. The main priority was to get the
existing Technical Information Systems, which were based on different architec-
tures, databases and applications, and were on several different continents, to work
together. This was a massive task and used all available resources. Nobody in the IS
organisation had the time to work on PLM.

Company D, in the automotive sector, was proud of its application of CAD, CAM,
CAE, PDM and Digital Manufacturing, but was faced by many problems in the area
of Software Configuration Management. They wanted to solve that specific problem
before starting an Initiative with a scope as wide as PLM.

Company E, in the aerospace industry, had several overlapping improvement
projects on subjects that fell into the area of PLM. Some people had proposed con-
solidating these projects into one PLM Initiative. But themanagers of the overlapping
projects claimed that would slow down progress. Although the Engineering VP was
supportive of a PLM Initiative, the CIO and the Quality VP were opposed.

Company F, in the mechanical engineering sector, was in a phase of rationalising
existing Information Systems. PLM was seen as something fuzzy that couldn’t be
pinned down. They decided they would look at it when they had a clearer under-
standing of their new system architecture.

Company G, in the machine tool sector, wanted to re-engineer its approach to
product development to take better account of customer requirements. It didn’t want
to address Information System issues. Due to the cost of the ERP project, the CEO
had forbidden any customisation of enterprise applications.

CompanyH, in the pharmaceutical sector, had hundreds of R&Dprojects running.
One was a high-profile project to find a way to give management an overview of the
current status of all R&D projects. That project had top priority, and no resources
would be put into new projects until it had succeeded. PLM was on the back burner.

Company I, in the electronics sector,was reviewing, again, its EngineeringChange
process. Some of the people in the project thought the problem wasn’t the change
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Recycling

Fig. 14.79 A piecemeal approach to activities

process, but the product structure. They wanted to take a more global approach to
the problem. But the project charter didn’t allow for that.

Company J felt that it had taken a piecemeal approach (Fig. 14.79) to its product-
related applications and processes in the past, and thought it was missing something.
It was looking to solve that issue by bringing together all available resources for an
ERP project.

Company K, in the plastics processing industry, had decided to stop all improve-
ment projects until its markets started growing again. PLM was considered unim-
portant (Fig. 14.80), and was on hold.

Company L, in the power equipment industry, having recently terminated major
projects to harmonise applications and improve business processes, was running a
product structure optimisation project to enable more modularity and easier config-
uration for sales over the Web. Until that was completed, it would be difficult to start
another project addressing the product.

CompanyM, in the medical equipment industry, had recently acquired a company
making software for its products. Itwas looking to see howbest to integrate operations
and offer integrated solutions to its customers. As PLM wasn’t in the annual plan, it
wasn’t addressed.

Company N, in the heavy vehicles industry, was struggling to find a way to deliver
highly customised products with a Configuration Management application nearly
30 years old. There were several reasons why it wasn’t easy to move forward. One
problem was that the IS VP, the Engineering VP and the Marketing VP all claimed
that PLM wasn’t their responsibility.
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Ah, Felis catus,
a pussy cat

Fig. 14.80 Sometimes PLM is underestimated

Company O, in the electronics industry, finding that software was becoming a
major part of its product, was looking at ways to integrate the development, pur-
chasing and management of mechanical, electronic and software components. That
project was called 2020 Vision, but PLM wasn’t included among its objectives.

In Company P, in the electronics industry, the PDMManager tried to start a PLM
Initiative, but was told that the ERP project team already had that task.

In Company Q, in the engineering industry, the provider of the CAD system was
restructuring its portfolio. There was a discussion as to whether this would be a good
time to change to a single vendor for CAD and PDM. The subject of PLM had been
side-lined until the vendor announced its plans.

Company R, in the medical appliance industry, successfully implemented a PDM
application. However, when it tried to expand the scope of PDM, it found the appli-
cation didn’t have all the necessary functionality. It had started to investigate other
PDM applications. It wasn’t sure how PLM related to PDM.

In Company S, part of a global electronics corporation, the PDMManager tried to
start a PLM Initiative but was told that PLM was a corporate activity, not a company
activity.

14.5.4 Results of Use of the Ten-Step Approach

The following examples show the benefits achieved by some companies that followed
the Ten-Step Approach.
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14.5.4.1 Understanding and Quantifying Options

This company wanted to understand and quantify the different options that had been
suggested with 2D and 3D CAD, PDM, workflowmanagement, BOMManagement,
product development process improvement and a new development methodology.
The Ten-Step Approach showed that there were three main options, and highlighted
their different costs and benefits. In particular, it showed that the benefits of the
low-cost option would be negligible, yet the other options would require significant
management involvement. This led the company to appoint a PLM VP to drive the
PLM initiative forward and achieve maximum benefit.

14.5.4.2 Managing the Post-acquisition Situation

As a result of an acquisition, this company had, at different sites, different CAD and
PDM applications, and different product-related processes and methods. It wanted
to identify the best solution and understand the associated implementation tasks and
costs. The Ten-Step Approach showed many additional issues and opportunities that
hadn’t been addressed, and led to a common PLM Strategy for all sites.

14.5.4.3 From PDM to PLM

This companyhad identified the need for aPDMapplication, andwantedhelpwith the
specification of PDM application requirements, short-listing, benchmarking, project
planning, cost evaluation and ROI. The Ten Step Approach showed the need for PLM
(Fig. 14.81). It simplified the project and led to faster implementation.

14.5.4.4 Getting Started with PLM

This company had identified the need for PLM. Management initially wanted some
help with identification and detailing of different PLM concepts. The Ten-Step
Approach led to support for the selection and implementation of the correspond-
ing PLM applications.

14.5.4.5 Engineering Change Management

This company wanted help with the definition and automation of its Engineering
Change process. The Ten-Step Approach showed that the source of the problems it
hoped to overcome with the EC project was outside the process. The proposed EC
project was doomed to failure. The project was redefined to enable an increase in
business value.
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Cumulative Savings
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Fig. 14.81 Showing the value and ROI of the project

14.5.4.6 Identification of Benefits and Risks

This company had started a project to select and implement a PLM solution. As the
size of the potential benefits became clear, management asked for external support to
validate the findings and identify potential risks. The Ten-Step Approach quantified
a realistic ROI. Risks were identified, classified and quantified. A risk management
approach was implemented.

14.5.4.7 Two Proposed Solutions

This company had received a proposal from its CAD application vendor for a PLM
solution, and a very different proposal for PLM from its ERP vendor. The Ten-Step
Approach highlighted the differences between the two proposals and showed how
they related to business objectives. This allowed the CFO to launch an opportunity
study to show which approach would be best for the company.
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14.5.4.8 Findings

The above examples show how the Ten-Step Approach to PLM Launch tends to
broaden and deepen a company’s understanding of PLM. It raises the level of aware-
ness among executives, eventually leading to a PLM Initiative of greater benefit to
the company.

14.5.5 Common Features of PLM Initiatives

14.5.5.1 A Unique Initiative Benefiting from Experience of Others

Although all PLM Initiatives are different, they have some common features. As a
result, although each company has to build its own PLM Initiative, it can draw on
experience from other companies.

14.5.5.2 A Multi-year PLM Initiative

Full achievement of PLM can be expected to take a lot of effort and a long time.
That’s normal. PLM is a major business activity running across the complete prod-
uct lifecycle. PLM has a wide scope, and the PLM environment is complex. The
knowledge about the product may be in many different places, and in many different
applications. Clarifying and straightening out processes, data and applications can be
time-consuming. The processes and methodologies to propose, define, manufacture,
support, upgrade, retire and recycle the product may not be aligned, or may even not
exist. To achieve PLM will require a lot of effort over many years. A PLM Initiative
will run for several years. It isn’t realistic to expect that everything will be done at
once.

14.5.5.3 A PLM Initiative Containing Many Projects

In theory, it might be possible to achieve all the PLM objectives in one project.
However, a single, huge, multi-year project is likely to end in disaster. In reality, it’s
better to run a formal PLM Initiative containing many smaller, shorter, more focused
projects. Without a formal PLM Initiative, there’s the danger that some important
activities will slip out of view, some won’t occur, some activities will overlap, the
results of some activities will conflict, and some important decisions won’t be taken.
The end result is likely to be project failure, or downgrading of objectives. Many of
the potential benefits of the PLM Initiative will be lost.
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14.5.5.4 Phase the Initiative, Don’t Chop It Up

Because a PLM Initiative addresses so many components such as products, business
processes, people, product data and applications, it may not be clear initially how
a company can handle such a huge project. It’s even possible that someone will
suggest that it’s not possible to manage an activity with such a wide scope. They
may suggest cutting off a piece of PLM and focusing on that one piece. For example,
some people might want to focus on the Product Definition phase of the product
lifecycle, and ignore the other phases. Others may want to focus on IS. By focusing
their resources in one area, they may hope to get a better understanding that will lead
to faster progress and better results.

However, the danger of initially restricting the scope in this way is that it may
result in the loss of many of the potential benefits of PLM. It’s by bringing together,
and joining up, previously disparate and fragmented activities, applications and pro-
cesses, that PLM overcomes the many problems that result from the old unconnected
approach. Cutting off a piece of PLM runs the risk of leading to a new fragment with
similar problems to those of older fragments.

Fortunately, there are alternatives to reducing the potential size of PLM by cutting
off a piece of PLM and addressing it separately. The first step should be to look for
a structure and organisation for PLM that will help simplify its understanding and
implementation. The Vision and Strategy should be defined. The many opportunities
within the scope of PLM can be prioritised. And an implementation roadmap built
with manageable phases.

14.5.5.5 Order of Components

Questions are often asked about the order in which a company should address PLM
components such as business processes, product data and applications. For some
activities, it’s clear that they can’t be done together. For example, after PLM has
been successfully deployed, it must be maintained. It can’t be maintained before it’s
been deployed. However, for other activities, it may be less clear in which order
they should be carried out. For example, it may not be clear if a process should be
improved before it’s automated, or if it should first be automated. And then improved
once the automated process has been used and understood.

The order often depends on the situation in the company. Sometimes it will be
appropriate to address business processes first, sometimes product data, sometimes
products. In a start-up situation, the product data, which identifies the product, needs
to be identified first. Then the business process to create it can be defined. In a mature
company, though, with the product data defined, it’s likely to be the business process
which needs to be addressed first with a view to improvement. Probably there will
have been many uncoordinated changes and additions to the process over the years,
and the potential for improvement is likely to be high. In a start-up situation, after the
product data and process have been defined, then an application can be selected to
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support the process. In a mature company, with the product data and process defined,
the functionality of a new application could enable improvement of the process.

In general, a balanced approach, depending on the current situation, is best. For
example, some work should be done on business processes, and then some work
should be done on product data. Then a pause to review the results. Then some more
process work, and then some more work on product data. The two will be addressed
side-by-side in the effort to achieve the objectives.

14.5.5.6 Step-by-Step or Big Bang

Companies can choose to move forward towards the future situation with a step-by-
step approach or a Big Bang.

A Big Bang approach aims to implement all the changes at the same time. It has
the advantage that, by addressing all changes at the same time, a great improvement
can be made quickly. On the other hand, failure will lead quickly to a great disaster.
Although a Big Bang approach may appear quick and simple, the result is generally
the opposite.A successfulBigBang only comes after a long preparation phase, during
which many people lose interest and motivation because of the lack of results.

A step-by-step approach moves the company forward from the current situation
in clearly understood increments. It has the advantage that each step is so clearly
understood that it should succeed. And, as each step is implemented, people can see
and appreciate the progress. Should any problems occur, they can be resolved before
they get out of hand. On the other hand, the approach runs the risk that the gains due
to many small steps will never add up to a significant benefit. And that the Initiative
will be stopped before all the steps have been completed.

14.5.5.7 Starting Place

The decision as to where the initial implementation of PLM should take place will
vary from one company to another. In some companies, one function is seen as a
strategically important function, and able to act fairly independently. Initial activities
could be targeted on this function. In other cases, the decision can depend on the size
of the gap between the current situation and the future situation. It can also depend on
previous experience with similar projects. Starting the PLM Initiative with a short,
simple activity that will soon show success can lead to increased acceptance.

14.5.5.8 A Great PLM Initiative Leader

A PLM Initiative, made up of many individual projects of various sizes, can be
compared to a Development Program, with multiple development projects, that’s set
up to develop a series of related products. There’s a need for the leadership of the
overall Program, but equally importantly, each of these projects will have its own



534 14 PLM and the PLM Initiative

project leader, objectives and tasks. In the case of the PLM Initiative, the leaders of
the individual projects report to the PLM Initiative Leader.

In theory, a PLM Initiative can be led by anyone who can run a complex, cross-
functional project. In practice, it’s good to have a leader who has experience with
the company’s products at different phases of the lifecycle, who can handle the
cross-functional aspects of PLM, and who has experience of managing the various
components of PLM, such as applications, processes, product data and methods.

14.5.5.9 A Cross-Functional Challenge

A PLM Initiative is enterprise-wide, enterprise-deep. It involves people at all levels
of the company and from all the functions involved across the product lifecycle.

A PLM Initiative is challenging. It has a wide scope. It addresses the product’s
entire lifecycle. Itmay address products, product data, applications, processes, organ-
isation issues, people, methods, and equipment. Most companies aren’t organised for
such an Initiative. They don’t have organisational structures that operate across such
a wide area.

Many people in the company will find it difficult to address such a wide scope.
Usually, people are focused on a particular area, and want to improve what they
understand. IS specialists want to implement IS solutions; business process experts
want to implement process solutions. However, in a PLM Initiative, it’s often nec-
essary to make interrelated improvements simultaneously in different parts of the
company.

PLM isn’t the responsibility of just one function or department. PLM can’t be the
responsibility of the Engineering department, because Engineering isn’t responsible
for the product all the way across the lifecycle, for example, when it’s in the field.
Similarly, PLMcan’t be the responsibility of the Service department, because Service
isn’t responsible for the product all the way across the lifecycle, for example, when
it’s under development. PLM can’t be the responsibility of the Information Systems
Department, because IS isn’t responsible for a company’s products at any time.
PLM can’t be the responsibility of the Finance Department, because Finance isn’t
responsible for a company’s products at any time.

A PLM Initiative can be particularly challenging for the IS organisation. Many
IS-related issues need to be addressed (Fig. 14.82).

14.5.5.10 Learning and Understanding Takes Time

Experience shows that it can take longer to make progress with PLM than expected.
Often, one of the reasons for this is a need to broaden the understanding of PLM
issues among business executives. Another is the difficulty of identifying the best
approach to PLM and justifying the business case.
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6 Mobile Does the IT Strategy match PLM mobility needs?
7 analytics Does the IT Strategy match PLM analytics needs?
8 Cloud Will your Cloud Strategy work for PLM?
9 Social Does the IT Strategy match PLM social needs?
10 integration How much integration? Who? Cost?
11 service providers Do you know experienced partners? 
12 role-based user interfaces Can you meet user requirements?
13 multiple environments How many?
14 performance measurement Which scripts will you propose?
15 licencing Do you understand the end point?
16 helping the business What will you propose?

Issue Issue Questions

1 product data security Product data is valuable. Where do you put it?
How do you keep it secure? How do you protect it? 
How do you enable reuse?

2 large data files Network. Share? Across sites? Replicate?
3 enterprise-wide Can your architecture handle it?
4 step-wise implementation Can you scale appropriately?
5 Internet of Things How does the IT Strategy match PLM IoT needs? 

Fig. 14.82 Some PLM issues and questions for the CIO

14.5.5.11 The Need for OCM

APLMInitiative is amajor improvement activity that’s likely to result in changes that
affect many people throughout the company. In most companies, it takes a long time
and a lot of effort to bring about change. This is likely to be the case for the changes
related to PLM. Recognition of the need for a clearly defined and professionally
managed change activity is a key feature of a successful PLM Initiative. It’s important
to understand that change is a major activity in its own right, and is a project in its
own right, with its own objectives, activities, tools, techniques and metrics.

14.5.6 Top Management Role in the PLM Initiative

14.5.6.1 Appoint a PLM VP

A company’s products are at its heart. The company’s revenues come from its prod-
ucts.More than 30% of its business processes may be within the scope of PLM.More
than 30% of the people in the company may work in these processes. Perhaps the
most important activity for top management is to appoint a PLM VP, and give them
the responsibility of defining the objectives for PLM, defining the Vision, Strategy
and Plan, and implementing the plan.
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14.5.6.2 Upfront Planning

A lot of upfront planning is needed to define the way that a company will work in the
future PLM environment. This may appear to some executives as a waste of time and
effort. However, in the long run, it’s better to work out first how the environment will
be managed in the future. PLM needs to be aligned with business objectives. There
needs to be agreement on the value of PLM and on the implementation roadmap.
The alternative of starting projects without a clear plan is unlikely to succeed.

14.5.6.3 Involvement and Commitment

Top management involvement and commitment is a key success factor in a PLM
Initiative. For a successful Initiative, top management has to take the lead and show
theway. The potential benefits of a PLM Initiative are huge, but the Initiative is cross-
functional, tough and risky. Without top management support and involvement, it’s
likely to fail. The Initiativewill change theway the companyworks. Topmanagement
should set the objectives, track project progress, make sure the project stays on time,
on budget and on scope. If things aren’t working out, top management needs to
take action to put the project back on track. If the project faces a major issue, top
management must take responsibility.

14.5.6.4 Prescriptive Approach

A prescriptive approach is required with PLM. In other words, the company has to
define what must be done across the product lifecycle, and then everyone has to
follow these rules. The opposite approach, “anarchy”, is that everyone would decide
locally what they want to do. The result would include continual problems when
people in different areas try to work together.

14.5.6.5 Clear and Common Terminology

Aclear and common terminology is needed company-wide. For example, people need
to agree on the meaning of words such as product definition, product requirement,
product specification. Another set of words about which people may have different
understanding is version, variant, release, option, model, revision. Use of the term
“Portfolio Management” needs to be clarified and standardised. It’s often used with
different meanings.
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14.5.6.6 Architectures and Models

Architectures and models describing the product and the PLM environment have to
be defined. In the everyday world, it’s normal practice for architectures and models
to be prepared before building objects such as skyscrapers, cars and computers. In
the world of PLM, they’re needed to describe and communicate how a company’s
resources (business processes, people, product data, products, applications, etc.) are
organised.

14.5.6.7 Digital Company

Digital Product, DigitalMarketing,Digital Engineering,DigitalManufacturing,Dig-
ital Support, Digitalisation, Digital Twin, Digital Thread, Digital Transformation …
the 21st Century is the Age of the Digital Company. The change from analogue to
digital is fast. Top management needs to keep abreast of changes, respond, and in
particular be sure that it hires people who can think and act in the digital environment.

14.5.6.8 Product Strategy

To enable PLM, companies need a Product Strategy. In the past, many companies
haven’t had such a strategy. Their product-related activities have resulted from other
strategies such as aMarketing Strategy, an R&D Strategy and aManufacturing Strat-
egy. PLM supports a strategy of Managed Complexity and Change (MCC). This is
the typical strategy for an OEM with its roots in high-cost countries and a desire to
provide products worldwide. Offering complex, frequently updated products through
a global capability, the strategy puts the company on a playing field on which few
can compete. In this strategy, the OEM will often define major assemblies, then out-
source their development and production to Global Complex Assembly Providers.
AnOEMwith anMCC strategy has tomakemoney for its shareholders, but it doesn’t
have to make its product. It can outsource to the best development, manufacturing,
sourcing and delivery networks. TheOEM focuses onmanaging its portfolio of prod-
ucts, its product deployment capability, customer requirements, product architecture,
product specifications, supplier management, system integration, final assembly and
customer feedback.

14.5.6.9 Product Portfolio and Product Architecture

The strategy of Managed Complexity and Change implies a careful definition of the
Product Portfolio and the architecture of products. Theobjective is to be able to launch
worldwide, in quick succession, many new products based on a small set of common
platforms, modules and interface components. The basic platforms should change
infrequently and be globally as similar as possible. The platform may represent 80%
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of the product, the modules 20%. As much as 90% of a new product may be the same
as for a previous product. New modules and low-cost facelifts to existing modules
will enable the customer to be presented frequently with a succession of “new”
products. Platforms, modules and interface components need to be designed so that
they can be assembled in different ways to create customer-specific products.

14.5.6.10 Model the PLM Environment

A model of the product lifecycle environment will show how the components of
the PLM environment are related, and how changes to the components can affect
performance measures. The model helps show how resources should be addressed to
improve performance. A model can show, for example, whether the company would
achieve a greater benefit from implementing a particular plan to improve business
processes, from implementing a specific set of actions to improve product data, or
from purchasing a particular PLM application.

14.5.6.11 PLM Thought and Action

So long as there are products, and companies wanting to improve performance, so
long lives PLM and the desire to improve PLM performance.

Running around like a chicken without a head, trying to implement all sorts of
new PLM methods and applications, without thinking about an overall vision and
approach, is unlikely to lead to success. But, sitting in an ivory tower, dreaming of
visions and strategies, isn’t going to lead to success either.

Between 2001 and 2019, we helped many companies with their PLM Initiatives.
In several cases, we worked with them for more than 5 years, sometimes at the
strategic level, sometimes down in the details of process steps, data relationships
and customisation of application functionality. Based on this experience, it’s clear
that, for PLM success, both thought and action are needed. As Henri Bergson wrote,
“Think like a man of action, act like a man of thought.”
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Chapter 15
PLM in Industry

15.1 This Chapter

15.1.1 Objective

The objective of this chapter is to give readers a look at the Product Lifecycle Man-
agement (PLM) environment in several companies. This will help those involved in
a company’s PLM Initiative both to see how other companies are looking at PLM
and to compare their situation with others. In turn, this will help them participate
more fully in the activities of their Initiative. This chapter also aims to give students
taking a PLM course a feeling of how PLM appears from within a company.

15.1.2 Content

This chapter is in two parts. The first part is a PLM case study written in 2019. The
second part, written a decade earlier, describes the situation in four companies in
different industry sectors.

15.1.2.1 Skills

This chapter will give students who’ve been assigned this book a basic understanding
of how PLM Initiatives appear to those working in an Initiative. They’ll learn about
typical objectives, issues, decisions and activities in an Initiative. They’ll be aware of
some companies’ experiences with PLM Initiatives. And they’ll be able to explain,
communicate and discuss about some practical examples of PLM Initiatives.
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15.2 Alfa Laval’s OnePLM

This section is based on a case study written by Björn Wilhelmsson, Alfa Laval’s
OnePLM Program Director, which was published in 2019 in Product Lifecycle Man-
agement (Volume 4): The Case Studies.

Alfa LavalAB is a leading global provider of specialised products and engineering
solutions based on its three key technologies of heat transfer, separation and fluid
handling. Alfa Laval’s heat exchangers transfer heat from, for example, one liquid
to another. Separation technology is used to separate liquids from other liquids, and
to separate solid particles from liquids or gases. The Separation offering includes
separators, decanter centrifuges, filters, strainers and membranes. The fluid handling
offering includes pumps, valves, and tank cleaning equipment.

Alfa Laval serves customers in many industries, including: food and beverage;
chemical and petrochemical; pharmaceutical; marine and diesel; machinery; mining;
and wastewater treatment. Alfa Laval’s business is divided into three Business Divi-
sions: “Energy”; “Food and Water”; and “Marine” that sell to external customers,
and one division, “Operations and Other” covering procurement, production and
logistics as well as corporate overhead and non-core businesses.

TheBusinessDivisions (BDs) are split into a total of twelveBusinessUnits (BUs).
Each Business Unit is very much oriented towards one, or a few, core products.

Three different internal operating models meet the different needs of customers.
The “Standard” model applies to the sale of standardised components through chan-
nels and online. This model is for products and spare parts which are 100% pre-
defined and can be purchased with a single item number in, for example, a web shop.
“Configure-To-Order” (CTO) applies to standardised components with standard con-
figuration formats for adaptation to specific applications, capacities, etc. This model
has been applied successfully for several decades. The “Engineer-To-Order” (ETO)
model is for customised systems and solutions for customers with specific, order-
unique requirements. This approach has grown substantially in recent years due to
many relatively recent acquisitions.

Alfa Laval invests about 2.5% of its sales in research and development launching
between 35 and 40 new products every year.

Alfa Laval has over 300 products in its three major product lines. Many of these
have thousands of variants, resulting in several million unique part numbers.

The aftermarket is a significant part of the company’s business. Alfa Laval’s
products have a long service life, which leads to a large installed base that—to
varying degrees and with varying frequency—requires both spare parts and service.
Alfa Laval has thousands of products installed throughout the world. As a part of
service contracts, it maintains an inventory of spares to support these products, some
of which have hundreds of spare parts, for up to 40 years.

In 2017, Alfa Laval had annual sales of about 3.6 billion Euros. The company had
29 production sites worldwide, and about 16,400 employees, most of whom were in
Sweden, Denmark, India, China, the US and France.
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15.2.1 The Starting Situation

The drivers for OnePLM go back to 2012, although the OnePLM program itself
wasn’t launched until 2014. In 2012, business processes weren’t standardised, each
Business Unit having its own set of loosely defined processes. R&D and Opera-
tions oftenworked together cross-functionally, but Service/Aftermarket didn’t. There
weren’t enterprise standards for some important concepts and terms such as lifecycle
states. There wasn’t a central repository for parts and products. Much of the product
information management was handled in a combination of Excel and ERP. Only two
BUs used a Product Data Management (PDM) system. There wasn’t a common ERP
system. There wasn’t a common CAD system.

The launch of an eBusiness solution in 2011 highlighted that there was a lot of
incomplete and incorrect product data in the company. In response, a “painpoint hunt”
was launched. It identified some 300–400 pain points around the company, all related
to product data management in one way or another. These included: low product
data quality; a lack of engineering change control; unclear ownership of product
data; product configurators that weren’t easy to use; finding reliable data was often
time-consuming; insufficient Master Data Management; no proper product portfolio
management, for instance, no phase-out culture; the roles and responsibilities of
BUs and Operations weren’t clear and defined; and customer complaints about late
deliveries and incorrect information.

The root causes were identified. Among them were: unclear governance of data;
local approaches to global problems; multiple and manual entry of data into a mul-
titude of systems; poorly defined product models that were often inflexible and
designed to meet R&D and Production needs, but not those of Sales and Service.
Many activities were very dependent on the knowledge of particular individuals.

Companymanagement understood that the problemswere impacting the business.
In 2014, they launched the OnePLM program with clear instructions to strive for one
solution for the entire company, hence OnePLM.

PLMwas defined as the process of managing the entire lifecycle of a product from
its conception, through design and manufacture, to service and disposal. Product
information was seen as vital: throughout the value chain; throughout the product
lifecycle.

The objectives of OnePLM are to: provide high-quality product information for
products and spare parts; accelerate response to customers and changing markets
using modularised products; reduce waste in core business processes; and provide a
platform for digital descriptions of products, production processes and equipment.

Soon after the programmewas launched, the enormous assortment (product offer-
ing) in Alfa Laval was highlighted. This results from on-going innovation, acqui-
sitions and meeting customer requirements. However, a large part of it appeared
to be dormant—and incurring significant costs. In response, management added a
fifth objective for OnePLM, “Drive professional assortment control”. They also set
“assortment wash-out” as a pre-requisite for a BU to join the OnePLM program.



544 15 PLM in Industry

The scope of OnePLM was defined as the processes, standards and tools for
the creation, maintenance and distribution of product information during the entire
product lifecycle. The scope included a common modular product architecture and
a standard product information model. The product architecture addresses products,
modules, module variants, module sets, parts, etc. The product information model
includes BOMs, CAD models, technical documents, material standard documents,
engineering configuration rules, etc. The processes in the scope of OnePLM include
New Product Development (NPD), Engineering Change, Design to Order (DTO);
Document review and approval; and Assortment Control. The tools include Config-
urators, CAD, PDM, Business Intelligence, and manufacturing ERP systems.

15.2.2 The Approach

The OnePLM program has a full-time Core Team and part-time representatives from
Business Units. In addition to the Program Director, the Core Team includes PLM
Business Analysts and Architects, an Information Manager, a PLM Solution Owner,
a PLMSolutionArchitect, and anOrganisational ChangeManagement (OCM)Lead.

TheOnePLMprogram reports toAlfaLavalGroupManagement, and is sponsored
by the Chief Financial Officer (CFO).

OnePLMworks in three streams:Development; Roll-Out; and Production as illus-
trated in Fig. 15.1. All are based on a common “OnePLM template”. A new version
of this package is released every four months. It contains: standards and definitions
for product and product information architecture and objects; support for business
processes; the latest versions of the tools; and support for these tools. The template

Fig. 15.1 OnePLMworks in three related streams: development, roll-out and production (OnePLM
live)
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Fig. 15.2 The core team has one mission and set of deliverables for development, left, and another
mission and set of deliverables for roll-out, right

containsmany PLMcapabilities, not only the basic ones such as parts andBOMman-
agement, but also document and content management. The template will continue to
grow with more PLM capabilities in the future.

OnePLM is rolled out on a Business Unit by Business Unit basis, starting with BU
Gasketed Plate Heat Exchangers, BU Hygienic Fluid Handling, and BU Decanter.

During roll-out to a particular BU, implementation of the basic PLM capabilities
is mandatory, but add-ons such as document management are voluntary.

The Core Team’s role in roll-out includes: ensuring that the solution is fit for the
BU’s business; guiding the BU through the rollout of OnePLM; leading the change
management effort in the BU; providing training; and cleansing and enhancing prod-
uct data (Fig. 15.2).

One of the main responsibilities of the BU representatives in the programme is to
adapt products to the new standard ProductArchitecture. TheBU representatives also
perform massive data cleansing and enhancement to ensure high-quality data from
Day 1. They also, supported by the Core Team, drive the BU change management
activities.

15.2.3 The Implementation

The first development of the OnePLM template addressed the CTO area. From the
beginning it had been clear that a modular Product Architecture (PA) would have to
be defined. And that it should be common across the different CTO product groups
in the company. It took close to 18 months and two failed attempts to develop the PA
concept. However, the third attempt succeeded, showing that the PA actually worked
on 4 completely different products.

The PA is the common language in Alfa Laval’s Digital Trinity, so it must be kept
very clear and clean, otherwise automation of CTO business would be very difficult
if not impossible. The common Product Architecture is at the heart of the Digital
Trinity which is made up of: a Configurator (single source for producible product
configurations); OnePLM (common product information standards, processes and
tools); and standardised supply chain tools and processes, as illustrated in Fig. 15.3.
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Fig. 15.3 The “Digital Trinity” with the modular and standardised product architecture in its very
centre

TheTrinity includes or interfaces to other capabilities:Configurator interfaces toCus-
tomer Relationship Management (CRM) and Sales ERP systems; OnePLM includes
an Engineering configurator, CAD and PDM; supply chain tools interface to supplier
and Manufacturing ERP systems.

Another activity has been the implementation and management of the PA from a
Master Data Management (MDM) perspective.

In parallel to defining the PA, the necessary standards for the objects making up
the PA, such as modules, module variants and parts were defined. Lifecycle states
were standardised. From the beginning, an information-centric approach was taken.
It has been maintained, tools must come later.

A third parallel activity was definition of standardised business processes, such
as the Engineering Change process. It had been thought that alignment of many
BUs, each with its own way of working, would be tough. However, a combination
of many common pain points, a common and accepted PA and a clear vision of how
CTO should work in the future made this work quite smooth in the end. In addition,
processes were developed for Wash-Out and Annual Assortment Review.

Another activity was to take fundamental decisions about “what will be done
where” from a system point of view. One such example was where to manage vari-
ation. The candidates were the configurator, the PDM system and the various ERP
systems. In the end, the decision fell on the configurator. The PDM system is “just”
a repository of objects, having no logic as to what goes into which BOM or product.
Another fundamental decision that was made was to manage eBOMs in the PDM
system, and mBOMs in the ERP systems. (However, in 2018 a pilot was started with
the mBOM also managed in the PDM system.)
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15.2.4 The Result, Benefits

The pre-requisite of performing an assortment wash-out has resulted in a number of
benefits and customer insights, both expected and unexpected.

Analysis of data for one product group showed 15% of product variants and 48%
of spares hadn’t been sold for more than 15 years but were still being maintained.
Furthermore, that data revealed that 96% of all orders used only 50% of the available
variants. Similar patterns were found for other product groups. This is graphically
illustrated in Fig. 15.4.

Using the reports that the analysis tool provided, Product Managers decided to
reduce the number of variants for new sales by some 20% and the number of parts,
many of them, but far from all, almost dormant, by over 60%. These reductions led to
significant cost savings by not having to maintain themwith prices, costs, operations,
suppliers, compliance and so on. This is the first use case of the analysis tool, called
assortment “wash-out”, in Fig. 15.5.

To ensure that focus is not lost on product portfolio management/assortment,
Group Management also decided that the efforts need to be sustainable. Conse-
quently, there’s now a standardised, mandatory process for annual assortment review
and phase-out, which is use case number 2 in Fig. 15.5.

Fig. 15.4 Graphs for product group “A” showing number of sold product variants, left, and number
of sold spare parts, right. Note the very long tails

Fig. 15.5 Four different use
cases for the assortment
analysis tool
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A positive side effect of the wash-out is that the number of parts to be “dressed
up” (cleansed and enhanced) to the newOnePLM standardwas significantly reduced.
This is use case 3 in Fig. 15.5. This provided an opportunity to increase the ambition
for quality of the migrated data. In the design phase of the analysis tool, a lot of time
was spent to get a better understanding of data structures in the legacy systems, and
this makes the subsequent data migration to OnePLM easier.

Another very useful aspect of the analysed data is the customer insights that help
to better specify new products. This is use case 4 in Fig. 15.5. By analysing which
customer features have sold and which have not sold, it is now possible to better
scope the desired buyable features in the CTO business in order to reduce time to
market and streamline the supply chains. Many features that were previously offered
as CTO for older products will now be available only as Design to Order (DTO).

Understanding the true nature of the product assortment and performing the mas-
sive wash-outs have enabled a self-financing PLM program.

Many of the “classical” PLM benefits are also visible, but as the starting point or
baseline was not quantified (as a result of not having to provide a traditional business
case), these benefits are more difficult to measure.

Key benefits include: a common language to define products; single data entry;
consistent data quality; better and faster search for information. Improved business
processes which now have clear roles and responsibilities. The involved IT systems
“talk to each other” and are becoming the digital backbone for connectivity. The
analysis tool helps to optimise the product assortment. The modularisation inherent
in the PAmeans more product variants with fewer components; better product differ-
entiation; and faster time to market for new variants. Furthermore, OnePLM allows
full control of releases to sales and the supply chain so that product launches can
be optimised. This all leads to: more reuse of designs; better decision-taking; more
efficient compliance; and more time for value-added work.

15.2.5 Next Steps

At the end of 2018, OnePLM had been rolled out in 3 BUs, and many more BUs
were interested in taking the entire OnePLM offering.

In parallel to the rollouts to the BUs, new capabilities were built and added to
the common solution template. In 2019, capabilities for more efficient spare part
management will be added in order to support that very important business. Other
plans are to create capabilities for external compliance requirements in general, with
a particular focus on export control. Many compliance requirements needmore strin-
gent substance management in order to be able to roll up the chemical composition
of a complete product from its constituent parts.

Approaching roll-out for the next BU, there’s a need to move towards “Engineer-
To-Order” (ETO). The first steps are taken by a hybrid between CTO and ETO
called DTO (Design-To-Order). This process can be applied to CTO products using
the new Product Architecture. Just like the CTO process, the DTO process starts
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in the configurator. It applies when the customer cannot find there exactly what is
needed. A “best-fit” configuration is made with a free-text remark about the true
need. This “best-fit” is the starting point for the DTO design engineer, who then
designs whatever needs to be designed, and either replaces something or adds to the
“best fit” BOM which then becomes the true BOM for that particular order.

Another concept about to be launched is the creation of parts, part BOMs and
3D assemblies “on the fly”, i.e. in the order process. Instead of the historical CTO
approach which dictates creation of all variants (parts and part BOMs) before a
product is released for sale, the new approach will only require creation up-front of
the variants that are sure to be sold. Thanks to design automation and an automated
order flow, OnePLM will create the needed parts, part BOMs and 3D models “on
the fly”. This activity will be governed by the engineering rules that have been
pre-defined for that particular product class. With this approach, there will be no
creation of “waste” variants that are never sold, and each variant will have at least
one customer. By tracking which variants are created “on the fly”, it is hoped to be
able to identify very early some market trends that otherwise would be difficult to
detect before everyone else also sees them.

A sister program toOnePLMhas started to look at how Industry 4.0 can be applied
at Alfa Laval in order to help the business as well as the customers of the equipment.
It’s still early days, but it’s clear that OnePLM will be the backbone for digital twins
not only of the products, but also of the manufacturing processes and equipment.

15.2.6 Lessons Learned

The OnePLM program team has identified a few “key success factors” for PLM.
TopManagement commitment is essential. Thepain points and their consequences

were explained to the CEO and Group Management. They gave their approval to
proceed. The CFO has been the Program Sponsor since its launch and that has been
a major success factor as that role is “neutral” to the different stakeholders in the
PLM context.

Another key success factor is ChangeManagement. Formost peoplewho are “hit”
by PLM, it means a new way of working. Often, a bit of the flexibility which many
enjoyed in the past is lost, something that is perceived as negative by some people.
Some roles, for instance in R&D, are expected to provide more information than in
the past, not for their own benefit, but for the benefit of downstream data consumers.
That is often a hard sell for which the support of first and second line management is
absolutely key. The OnePLM program has worked consistently with a large change
management toolbox, including a psychometric tool for assessing change readiness.

The approach to justification of the OnePLM program has been to focus on the
pain points in the business, not on the monetary benefits. It has been found that,
by focusing on the pain points, which nobody can deny, it is far easier to get the
attention of the key stakeholders as opposed to building a traditional business case
which can easily be shot down. It was found that calculating the precise expected
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monetary benefits was an impossible task. The “reduce waste” aspect can perhaps
be answered, although with great uncertainty, but the “impact for customers” aspect
is impossible to trace back to PLM efforts. It is a matter of faith and belief in the
cause!

The OnePLM approach has been to focus first on the information, and above all,
the information that needs to be exchanged in the business processes. It was known
from the start that, to automate the processes, the information that was sent needed
to be 100% consistent across the system landscape. The common PA is the very
foundation upon which first the processes were built and, eventually, the IT systems
participating in the business processes. One eye has been kept on the Master Data
Management aspects of information management, in order to avoid duplicating or
creating redundant data.

It’s been important to take a holistic view for OnePLM. The program has included
work on improving business processes, product information, and information sys-
tems, even on improving the way some products are modularised. A very positive
side effect of the latter is that the BUs in question are now able to offer a larger
variance than before to the market without having to develop new parts.

It’s been important to have a strong Core Team and to keep it stable over the long
term. The core team is relatively small and consists of people with both business
and IT backgrounds and, in many cases, also many years of experience within Alfa
Laval. The core team is firmly anchored in the business organisation and operates as
a proxy for the entire business when it comes to functional requirements for the IT
solutions. Effectively, the core team has its own IT department, which is run using
agile methods, so the time from decision until having something in the systems is
usually very short.

Another key success factor is having the right IT implementation partners. This
wasn’t easy, it took three attempts to get it right. Naturally, the partner has to be very
knowledgeable about the chosen IT systems, but that’s not enough. They must also
have a structured approach for knowledge transfer between their clients (as well as
between their own employees, on-site as well as off-shore), a continuous training
programme for their employees, an ability to scale up and scale down when needed,
and general business acumen.
Permission Statement
Reprinted/adapted by permission from Springer Nature Customer Service Centre
GmbH, Publisher: Springer Nature, Title: Alfa Laval’s OnePLM, Author: BjörnWil-
helmsson, © 2019.

15.3 PDM Implementations

The following sections describe the situation in four companies in different industry
sectors. One company is in the electronics industry, one is from the automotive sector,
one is an engineering industry company, and the fourth is from the aerospace industry.
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The case studies show that although the four companies are in very different circum-
stances, there is significant similarity between them. They are all caught between
rapidly evolving technology, demanding customers and aggressive competition.

These case studies, from four companies in different industry sectors, were origi-
nally published in 2004. They show that while much has changed in the intervening
years, much has stayed the same. More than ten years later, many of the lessons
learned are still relevant.

15.3.1 An Electronics Industry Company

15.3.1.1 Background

Company A is a medium-sized electronics manufacturer operating in over 20 coun-
tries. Revenues exceed $1 billion ofwhich about half comes from its domesticmarket.
Most of the product development operations are concentrated in 3 countries. Among
the challenges facing this company are the globalisation of itsmarkets, global compe-
tition, and rapidly advancing technology.There is fierce competition in the electronics
markets and a fast rate of change. Prices for some products drop by 1% each week
as more competitive products appear on the market. Many electronics companies
derive more than half of their revenues from products less than three years old.

The lifetime of many new electronic products, from conception to obsolescence,
is already less than two years. New generations of products such as PCs and print-
ers appear every 3–6 months. As product lifetimes fall further, the effect of being
3 months late with a product will be disastrous. Most of the customers will already
have bought the competitor’s product. Thosewho have notwill bewaiting for the next
generation of product. Similarly, producing a product that does not meet customer
requirements will lead to disaster. There will no longer be time for trial-and-error,
the product will have to be right the first time.

Company A read somewhere that Philips Semiconductors, for example, produces
certain products that are outdated after only six months and require as long as three
months for development.

Company A knows that Hewlett-Packard, which used to take 54 months for a
major new computer printer project, reduced this to 22 months for its first DeskJet,
and then to 10 months for the DeskJet 500C. Intel reduced its development cycle for
motherboards from 12 to 6 months, then to 3 months.

Leading manufacturers can now produce 10 new versions of a product each year.
They can also rapidly reduce product cost, taking 30–50% out of the cost of a product
over a two-year period. Some major manufacturers outsource more than 60% of
manufacturing.

Globalisation has created other types of problems as well. For example, Com-
pany A had problems because it produced different quality products in different
countries. Its suppliers performed erratically. It also had problems making sure that
the various companies and divisions of multinational customers were given the right
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discounts when they ordered across national boundaries. The multinationals want to
get the same product and service fromCompanyAwherever they are operating. They
also expect Company A to respond to local market conditions, which implies that
Company A may have to engineer special products anywhere in the world—quite a
challenge when all the developers are located in just three countries.

15.3.1.2 Objectives

Faced with this environment, CompanyA’s prime objectives are to increase its ability
to develop new products and services much quicker, and to find new ways to make
and deliver them to the customer faster than competitors. Time, not cost, is becoming
the key parameter. High quality is no longer an option—it’s essential.

15.3.1.3 The Response to Change

Company A has made tremendous efforts to change. It has all the latest CAD, CAE
and CAT systems. It spent a lot on ERP systems and on getting JIT working. It
invested a lot in new manufacturing facilities. One year it did TQM and another year
it did SPC.

In spite of all the investment, there has not been enough improvement in perfor-
mance for Company A to remain competitive. The main problem is that its products
are consistently late to market, and some 40% of projects to develop new products
fail.

Looking back at some of its recent initiatives, the company found that when
changes were made, they were uncoordinated, project-oriented, non-interrelated and
non-sustaining. For example, one VP would push the idea of strategic IS, while
another tried to do TQM and SCM, and someone else did fuzzy logic. One VP
wanted to build a “lights-out” factory in Silicon Valley. His successor wanted all
production and assembly done in the Philippines.

Initiatives were not brought together. Improvement activities conflicted. And,
often, by the time initiatives got down the hierarchy to working engineers they had
already been watered down, and since the next initiative was known to be on its way,
no-one could be motivated to change their behaviour.

15.3.1.4 Current Situation

A lot of effort and money has gone into attempts to change, but the end result has
met no-one’s expectations, and some people are very unhappy with the results. Top
management has come to the conclusion that product development is an unmanage-
able black box, a Black Hole with a never-ending appetite for dollars. Management
thought it had got to the stage of being able to estimate likely underestimates of new
product development costs and cycles until they saw some of the software that was
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developed to go in the products. 90% of the time this was more than 3 months late.
It was always full of errors, and 40% of the effort went into fixing the bugs.

Top management believes that developers don’t actually understand the business
environment and don’t want to communicate with anyone else in the company. They
seem to be incapable of teamwork.

Product development managers know they waste a lot of time. They know that
sometimes they put too much effort on the wrong project and don’t get the expected
payback for their investment. However, they believe the real problems in the company
are caused by top management. Top management responsibilities change frequently.
Top managers know they’ll change job before initiatives and projects are finished,
so they try to get easy short-term success, and leave the long-term hard issues to the
next guy. They start something with a bang, and a few months later it disappears
without even a whimper.

Product development managers feel that top management is dominated by the
bean counters. They believe the financial controller runs the business, putting together
plans and budgets in his spreadsheet. They say he does this very well—but there is
no link to the customers or the products. And other top managers are so busy looking
at the figures he produces they don’t have time for customers and products.

Product development managers claim top managers use the wrong measurement
systems to judge performance. The main indicator for product development perfor-
mance is product development headcount. They complain they’re rarely involved in
decision making.

Product developers claim they are assigned to far too many projects. One was
assigned to 15 projects at the same time. So many that he wasn’t even sure which
projects he was working on. Product developers claim that managers don’t define
in enough detail what is expected of them in a particular project. Different man-
agers have different expectations, but these are not clearly explained. After many
reorganisations there are numerous uncoordinated systems and inconsistent sets of
documentation. Product engineers claim it’s not surprising that projects fail when
it’s unclear what the targets are, who should do what, or how it should be done.

15.3.1.5 What Comes Next?

It’s clear that there are a lot of problems in Company A, and they are not only in
product development. That said, product developers shouldn’t be looking to blame
their poor performance on others. There aremany organisationswhich have problems
at the company level but still have excellent product development performance. There
are many things they can get on with, and do, without top management involvement.

Apparently, there’s no vision of what product development should look like in
the future, and there’s no medium-term strategy or plan. All of these could be pro-
posed by product development managers without the assistance of top management.
Product developmentmanagers don’t have to limit themselves to producing the short-
term budgets and plans required by top management. (In practice, it looks as if top
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management would be delighted to see product development managers trying to get
organised.)

There’s a similar problem with metrics. There’s no reason why product develop-
ment managers shouldn’t propose their own metrics to help improve performance.
Whynot startwith somemetrics that address the product development cycle—such as
cycle time, cost and number of changes?Why not find out how product development
performance compares to that of other organisations?

15.3.1.6 Introducing PDM

As it had all other computer systems, the Design Engineering Department decided
to invest in PDM. One of the Engineering Directors was given the responsibility of
selecting and introducing the system. He held a meeting with some of his colleagues
and they came up with the following list of reasons for introducing PDM:

• support Concurrent Engineering
• provide a vault for Engineering data
• manage Engineering BOMs
• manage CAD files
• classify parts
• support ISO 9000 implementation.

When the Engineering VP presented a proposal about the introduction of PDM to
top management, he showed the above list. He was asked why the list only contained
reasons related to the Engineering Department, and it was suggested he should get
some outside help and try to define a PDM project that would support the company’s
business objectives.

The Engineering VP realised that if the project was going to have to support
company-wide objectives, it had better be led by a cross-functional team. He didn’t
want to work with people from other functions, so got one of his Directors to lead the
project and put together a multi-functional team. To start with, this included someone
fromMarketing, someone from the factory, and someone from Service. Later, it was
decided to extend it to include all major functions, sites and product groups.

The teamworked with a consultant who suggested that rather than trying to invent
a project among themselves, they should interview a lot of people in the company
to find out what they wanted. The team liked this idea, and decided that they should
even interview top management to identify what the company’s business objectives
were.

Top management told the team that the company had to change because the world
was changing fast and it just couldn’t keep doing business the same way as before.
They said there would need to be product development teams on three continents,
and that products developed in one place would need to be manufactured at other
sites.



15.3 PDM Implementations 555

The approach taken by the team was appreciated by many people in the company,
both among top management and in functions other than Engineering. The Engi-
neering VP thought it was strange that a project about product data should suffer so
much interference from people outside Engineering, but he didn’t complain as he
was congratulated on his new style.

The team identified a fourfold vision for PDM. PDM would be an enabling com-
ponent of the company’s strategies to move towards a new organisational structure,
to stop re-inventing the wheel, and to support business objectives to reduce time-
to-market. It would enable Concurrent Engineering across multiple, geographically
dispersed organisations. It would support this with accessible and accurate informa-
tion, and real-time, change-controlled information exchange. It would provide a way
to have all the right information at the right time, in the right form, and in the right
place, all the way through the product lifecycle. Sales and Service users would have
lifecycle visibility to see what’s coming and what’s gone before.

The Engineering VP was loudly applauded when he presented the results of the
team’s work to top management.

15.3.2 An Automotive Industry Company

15.3.2.1 Background

Company B is an automotive manufacturer with plants in several countries and
worldwide sales. Over half of its sales are made in its domestic market. Most of the
engineering organisation is located near the main site.

In the early 1970s, Company B’s technical and marketing activities set the stan-
dard for many of its competitors. It was a dominant player in its domestic market
and had significant sales in overseas markets. Times have changed. Company B
has been faced by issues such as global competition, Total Quality, environmental
pressures, and rapidly advancing technology. Trouble seems to come from all sides.
Competitors from Newly Industrialised Countries appear from nowhere to compete
against its models. Customers expect cars to run tens of thousands of miles without
a costly service. In customer surveys, competitors always have much better quality.
Environmental groups and product liability attorneys are a continual menace, and
prevent new developments that would enable a fair fight with the competition.

The real problem though is the competition. If only theywould go away itwould be
possible to produce cars theway they alwayswere, but somehow things have changed.
Company B heard that, somehow, a team of only 85 people designed Chrysler’s
Dodge Viper in 36 months instead of the traditional 60 months. Then the Chrysler
Neon took only 31 months to bring to market. By 2003, many car manufacturers
had reduced the time to develop a new vehicle to 24 months. In some cases only
15 months was needed, and 12 months was the new target.

Company B read somewhere that GM’s Corsa had 30% fewer parts than its pre-
decessor and cost 25% less to assemble. 30% of Honda’s 1992 Civic came from the
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previous model compared with traditional reuse of less than 10%. Simultaneous use
of a digital mockup in each partner’s vehicle environment, together with scientific
computation and rapid prototyping capabilities, reduced development time of a new
1.4-L common rail diesel engine, marketed by PSA Peugeot Citroen and the Ford
Motor Company, to 32 months.

Due to a shortage of cash, Company B had to delay mid-life facelifts on some
models by two years—leaving competitors 2 years to grab the market with their new
models. This was the beginning of a downward spiral. By holding back the facelift,
less cash would be generated and be available for urgently needed actions—which
would also be delayed, further delaying cash inflows.

Many competitors appear to havemastered the apparently contradictory challenge
of being both a low-cost producer and a provider of high value-added. How this
is done is something top management at Company B can’t find out. Apparently
some of these companies even use existing manufacturing capacity for new models.
They seemed to have mastered techniques for rapid development and introduction of
new products and technologies with short life cycles and minimal lead times. As a
result they are capable of efficient make-to-order and low volume development and
production, and can apparently manufacture anywhere in the world. It’s a frightening
prospect.

15.3.2.2 Objectives

Faced with this environment, Company B’s prime objective is to generate enough
cash to be able to fund development of new products so they get to market when
customers want them, not two years later. Then, it has to improve product develop-
ment performance. In particular, it needs to reduce the time and cost of bringing new
models to market.

15.3.2.3 The Response to Change

In the past, Company B reacted quickly to changes. It brought in the best consultants
and changed its corporate organisation several times. The CEO was moved aside. It
invested heavily in robots and computers. It closed plants and squeezed its suppliers.
It followed the path taken by its main competitors and ordered the introduction of
techniques used with success in the Japanese automotive industry. It made tremen-
dous efforts to improve Engineering performance and regain its position as a world
leader. It developed its own CAD system so that it could make the best designs, built
its own robots to ensure the best quality, and implemented all the new acronym tech-
nologies. It claimed to have the best CAD in the world. Company B and its suppliers
were using nearly 50 different CAD systems.

There was publicity about major changes and progress, but much of it was to
impress the customers. Very little real progress wasmade. Even if a particular project
succeeded, the lessons that should have been learned from it were forgotten, and not
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institutionalised. The end result has been some very heavy financial losses and a
continual decline in market share. Massive investments in automation have failed
to produce the desired effect. As more and more computer systems were used in
the development process, the cycle time actually became longer rather than shorter.
Continual translation of data between CAD systems led to design errors. Increasing
customisation of models made it more difficult to verify all the design parameters,
and the only way that quality could be maintained was by employing more and more
inspectors at the end of the line. Many of the computer systems were incompatible,
and it seemed that the more advanced the functions they offered, the more unlikely
they were to fit in with the other systems.

Recently, Company B took a long, hard look at the way it was running the new
product development process. It found there had never really been a strategy for New
Product Development. Of course there had been a corporate strategy, and highly-paid
consultants had been brought in to dream about a Vision of the company ten years
forward, but no-one had developed a product development strategy. Instead each
product manager had acted independently. If someone thought of a good idea they
just went ahead and did it—without anyone considering the effects it might have
elsewhere in the business.

How was it that top management had not noticed what was happening? Company
B concluded that the corporate focus just wasn’t on Engineering. Much of the top
management attention was elsewhere, for example, on getting trade barriers erected
and maintained, and diversifying into other industry sectors.

15.3.2.4 Current Situation

Very few of today’s corporatemanagers understand the requirements for new product
development. They are happy to leave the Engineering function to itself, and let it do
what it likes—provided it doesn’twant to spend lots ofmoney. Themain criticism that
top management has of Engineering is that products represent the engineers’ dreams,
not the customers’ requirements. Time and again, new designs are for rugged pick-up
trucks, high-powered sports cars and futuristic luxury models—yet most customers
just want a low-cost reliable car to get to and from work, the mall, and the football
stadium.

Top management is frustrated, and talks more and more about out-outsourcing
Engineering. Top management can’t understand why the engineers always start their
designs with a blank sheet of paper—can’t they re-use existing parts, or use pur-
chased parts? Why do they always try to do it all themselves? Can’t they go out
and see what customers really want? Can’t they listen to the marketing specialists
and use the specifications that come from the market? Can’t they make themselves
clear when they communicate with the plants? Can’t Engineering understand the
difference between lowest initial cost and lowest lifetime cost? Can’t Engineering
see that competitors’ designs are fresher, have more variety, and are technically more
sophisticated? Isn’t it obvious that it’s better to take 2 years on a development rather
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than 7 years? Can’t Engineering understand that if a mid-life replacement is late,
customers won’t just wait for it to arrive, they’ll go and buy a competitor’s product?

Engineering management recognises it has some problems, but knows it has a lot
of solutions. Approval to develop, over the next five years, its proposed New Product
Realisation Process will guarantee quality improvement by an order of magnitude.
If top management would only provide the funding for its 10-year CIE (Computer
Integrated Engineering) project, it will be able to slash lead times.

Engineering management sees the main problems with performance as being
related to top management attitudes and behaviour. Top management seems to have
no real understanding of the underlying engineering processes, and seems to run
the business on the basis of a simplistic, top-down, cost-centre view. In this pic-
ture the business runs itself, and top management makes fine tuning through annual
“flavour of the year” adjustments. One year it’s Total Quality Management, then it’s
Customer Focus, and then Logistics Management, or Cycle Time Reduction. The
title is always written with capitals, but even this doesn’t make people think it’s
important—everybody knows that next year it will have disappeared.

Another criticism from Engineering is that every time things look bad, top man-
agement “downsizes” across the board. Downsizing by 10% means reducing head-
count by 10%, so a certain number of people, regardless of their skills, knowledge,
or their role in the engineering process have to go. Middle management decides
who should go and who should stay, so middle management stays, while design and
manufacturing engineers go.

15.3.2.5 What Comes Next?

The company’s lengthy decline implies that corporate management is unlikely to
provide much help to the Engineering organisation in the near future, so it’s really
up to Engineering to save its own skin. There’s unlikely to be much money around
for improvement initiatives, so the 10-year CIE project should be shelved—mega-
projects like this usually fail anyway. Probably the most cost-effective approach will
be to introduce theNewProduct Realisation Process—since this underlies everything
done in Engineering. A good starting point for the process will be to look at the
development processes of other companies. Building on the basis of what they do,
the new process should be defined in less than a year.

15.3.2.6 Introducing PDM

Thefirst attempt at PDMwasmade in themid-1980s by aTechnical SystemsManager
who implemented it for:

• management of CAD files
• scanning of paper drawings
• parts classification
• archiving.
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A lot of CAD designers used the system, but the practical results of this PDM
implementation were hard to see. Later, the need for a PDM system was re-identified
when the corporation realised that the lack of an IS strategywas hampering growth. It
was realised that, as a result of a departmental approach to IS whereby people could
buy whatever system they wanted, there were dozens of platforms and operating
systems and 34 different types of PC in use across the company.

The corporation’s response came soon after, with the introduction of an overall
Vision and a set of Annual Pro-Activity Objectives. These mirrored the philoso-
phies of the worldwide automotive industry, and included techniques such as Just In
Time, continuous improvement, right first time design, reduced product development
lead times, reduced material costs, Kanban, empowered employees, and measures
to further enhance Total Quality. The plan showed the major steps needed to meet
world-class objectives. PDM was identified as a key tool for achieving many of the
corporation’s strategic objectives. A list of PDM areas of focus, and the correspond-
ing objectives, showed:

• digital model definition and virtual engineering for fast product development
• a single PDM system replacing multiple legacy systems to manage all the product
data

• collaboration tools to support development on several sites
• image management to improve access to thousands of drawings for thousands of
people

• change control.

One area of focus is change control. With paper systems, engineering change
control was a horror story. There was always a huge backlog of change notes. No-
one knew the exact status. Now, PDMwill give visibility of the entire change control
process.

Another focus is safety. In the precise, demanding business of designing and
manufacturing safety-critical passenger transport vehicles, the implementation of
PDM came to be seen as a major step in reinforcing the corporation’s Total Quality
culture.

15.3.3 An Engineering Industry Company

15.3.3.1 Background

Company C is a major multinational conglomerate. Its divisions operate in discrete
manufacturing sectors as well as plant and process engineering. The divisions have
operatingunits, plants and customers in countries all round theworld.About one-third
of sales are made in the domestic market and two-thirds elsewhere. The engineering
organisations are attached to the divisions, and are located throughout the world.

Company C operates in many countries and has found currency instability to be a
major problem. Many of the projects it develops take several years to implement and
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involve people from many countries. It only takes a few percentage points change
each year in the value of major currencies for all the expected profit to be lost.

In developing countries, complex political and environmental considerations often
outweigh the usual business and technical aspects. In the developedworld, customers
are increasingly looking for customised solutions that offer more functionality and
are more reliable, yet are cheaper and resource-saving. A greater variety of solutions
has to be produced, and Company C has to respond quicker to market needs. It’s an
increasingly difficult environment.

15.3.3.2 Objectives

Faced with this difficult environment, Company C’s primary objective is to increase
the quality of today’s products and the productivity of today’s processes, while simul-
taneously preparing for more adaptable products and more flexible processes in the
future.

By increasing quality, the customer’s cost of ownership will be reduced, customer
relationships improved and profits increased. Increasing productivity will reduce the
cost of components and products. The shorter development cycles resulting from
increased adaptability will lead to more products getting to market faster. Without
increased flexibility, CompanyCwill not be able to produce awider range of products
in the small batches that will be needed. Together, the improvements in quality and
productivity will lead the company to a position as a highly competitive low-cost
producer. The improvements in adaptability and flexibility will bring products to
market faster, and increase market share. With reduced costs and increased sales,
profitability will rise significantly. The volume of customer requests for quotation is
increasing. Response time to requests for quotation needs to be reduced.

15.3.3.3 The Response to Change

To meet these objectives, Company C has already been very active. There have been
many corporate reorganisations in response to the changing business environment.
Many initiatives have been started to improve engineering and manufacturing per-
formance. Almost every year, top management has introduced an important new
Program. Recent examples include Integrated Logistics, Total Quality, Cycle Time
Reduction, Supplier Focus, Global Benchmarking, Concurrent Engineering andUni-
versity Partnering.

The company is a world leader in CAD, especially solid modelling, and has
developed some very effective interfaces to stress analysis programs. It has connected
its sites with a worldwide electronic mail system. It has a highly regarded make-to-
orderERPsystem, and its FlexibleManufacturingSystem (FMS) is regularly featured
in press reports and Business School case studies. Six Sigma techniques have been
introduced in most of its plants, and cycle time reduction teams have been set up to
bring lead times down.
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In spite of all these improvement programs, Company C is not satisfied. Revenues
have stagnated, and profits comemainly fromfinancial transactions and not industrial
activities. There are still many problems with basic technology, and these have not
been alleviated by the availability of the electronic mail system to communicate error
reports rapidly. Recently, new product introductions over a whole range of product
areas have been delayed for all sorts of reasons. Product quality is erratic despite the
vast investments in engineering and manufacturing technology. Lead times seem to
remain the same in spite of all the new investment. Overall, the costs associated with
engineering and development rise rather than fall.

Recently, Company C has being trying to work out where it went wrong. Looking
back, it found that the corporate focus hasn’t been on long-term issues like Engi-
neering and New Product Development. Much of top management’s attention was
on getting the quarterly results right. The 1980s and 1990s were years of expansion,
and it was easier for top management to improve the results by restructuring and
buying up companies in faraway parts of the world, rather than by improving the
core business.

Many of the improvement programs developed a life of their own, and instead
of helping to reduce costs, only increased them. For example, the benchmarking
program was meant to follow the trend of many other companies that started bench-
marking their engineering performance against that of other companies. However,
most of the effort and investment went into the benchmarking exercise itself, and not
enough went into interpreting the results and finding ways to enable performance
improvement.

From its benchmarking program, Company C learned that increasing the speed of
new product introduction usually requires stripping out unnecessary levels of middle
management and bureaucratic control, taking a new look at the whole development-
to-finished goods process, and promoting multi-function teams. Instead of letting
Engineering do its job alone, then handing over to Manufacturing, which does its job
alone and then handing over to Sales, Company C wanted to bring individuals from
Marketing, Design Engineering, Manufacturing Engineering, Production, Sales and
Logistics into a product team with total authority for product functionality, build and
cost. However this Concurrent Engineering concept soon ran into problems because
many people either didn’t want to workwith people from other departments, or didn’t
know how to. On the first Concurrent Engineering projects, when there was a lot of
management attention, the results were promising. Once management focus moved
to the next improvement initiative, performance dropped back to previous levels.

15.3.3.4 Current Situation

In spite of all the effort that top management is putting into the improvement process,
the engineering managers around the world feel that the real problem is that no clear
direction is being set. There are countless exhortations to work harder, to schedule
better and to “do your best”. One top manager even spread the message that people
weren’t expected to work the 40 h in their job contract, but to do 60 h a week. This
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went down badly with teams trying to introduce Just-In-Time and reduce cycle times.
They preached that wasted effort is the cause of most problems in business processes,
and that if it could be removed, things would get done faster yet with less effort. They
counselled that rather than working longer hours, people should work smarter. The
60 h week was seen as confirmation that top management had lost control. It was
yet another unrealistic target that would distort their efforts to improve the process.
Unrealistic targets were often proposed by top management or the sales force, and
this gave the impression that development was always late, when it was actually on
time compared to its own targets.

An on-going problem is that far too many projects are handled at the same time
by a few people, and a lot of time is lost as the effort is switched from one project
to another. One year, top management came up with the idea of using a scheduling
system on a PC to enable engineers to do more work. Engineering management
had explained that scheduling wasn’t the problem, but were forced to implement
this idea from above. In the meantime, top management still holds projects up by
forcing everyone to wait for management decisions that are only made at monthly
management meetings.

Engineering management is aware that new product development performance
could be better, but they aren’t quite sure what to do about it. They know for example
that most of the time, 80% of a new product already exists in other products, but
don’t know how to access the information or how to reuse it.

Top management is tired by the Engineering organisation’s unquenchable desire
for high-risk, high development cost projects. The culture of the Engineering organ-
isation doesn’t seem to tie in with the rest of the company. The engineers are indi-
vidualistic and don’t even seem to understand the benefits of working in teams. They
rarely talk to their colleagues in manufacturing. Top management has tried for a
long time to communicate with the engineers, but has given up since the engineers
never seem to say anything in management meetings. At times, top management has
seriously discussed outsourcing the entire new product development process, and
focusing on financing, production and marketing.

15.3.3.5 What Comes Next?

In many conglomerates and multinational companies, the responsibility for Engi-
neering is divided among the managers of individual divisions and companies. The
reason for this is to let them best serve their internal customers in these divisions and
companies. A side effect can be theweakening of the corporate focus on Engineering.
This seems to be the case with Company C. There is no one representing the inter-
ests of Engineering at the corporate level. As a result, Engineering managers around
the world are continually buffeted by new corporate initiatives that have unforeseen
effects on Engineering. They feel no clear direction is being set.
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15.3.3.6 Introducing PDM

When the question of PDM came up, the COO assigned its implementation to the
corporate IS organisation. He said that it should be implemented by a professional
IS organisation, not amateurs.

The IS organisation carried out a review and proposed implementing PDM to
achieve the following seven benefits:

• a common IS infrastructure
• standard platforms, OS, DBMS, GUI, network
• enterprise vaulting
• information factory
• information accessibility
• workflow management
• information logistics.

When the Engineering organisation heard about this they said “We don’t want
that. No way. It just shows again that IS doesn’t understand our business - it’s lost in
its bits and bytes. We want PDM to manage our product data and structures. We tried
workflow once and it doesn’t work in our environment. And we know that training
our people will bring many more benefits than just buying more systems”.

There was head-to-head confrontation for several months until the COO decided
to get an outside expert to review the situation.

A team was set up representing people from all areas of the company. The team
workedwith the expert to understandwhere the opportunitieswere. They interviewed
a lot of people in the company, from the president down, to find out what was
needed. It soon became clear that, among the barriers to success were unintegrated
systems, departmental mindsets, lack of customer participation, projects running
across country boundaries, and lack of feedback from the field.

The team produced a short report in which they showed that in their vision,
PDM would be the information backbone for the corporation’s main business of
international projects that typically ran for several years. It would replace several
legacy systems. It would be a central repository for data. Computer systems from
different departments would be integrated to the backbone. People from different
parts of the organisationwould share information through the PDMsystem.Everyone
would have easy access to up-to-date information. For example, field problem reports
would be fed into the systemandwould be immediately available to developers of new
products. Project managers would have access to up-to-date financial and technical
status information. Even customers and suppliers would have access to the system.
PDMwould help reduce time-to-market, reduce costs, support compliance with ISO
9000, reduce waste in the process and reduce customer response time.

The report was circulated among the top management team. One day, the COO
asked what the Corporate IS VP thought of it. He was pleased to hear that Corporate
IS approved, saw it as a confirmation of their “7 benefit” approach and was just about
to start the implementation. The following day, he asked the Engineering VP what
he thought of the report. The Engineering VP said it was exactly what Engineering
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had been asking for since the beginning, would save them a lot of time and money,
and would help them overcome a lot of the criticisms that Engineering received from
other departments.

15.3.4 An Aerospace Industry Company

15.3.4.1 Background

Company D is a medium-sized corporation with interests in several segments of the
aerospace market. Sometimes it plays a prime contractor role, sometimes it provides
assemblies for other manufacturers.

In its civil markets, Company D is faced by issues such as global competition
and the recent recession which has had a devastating effect with airlines cancelling
orders and holding on to their old planes. In military markets, the main problem has
been the end of the Cold War, and the resulting changes in defence spending. Across
all markets, the electronics component of products is growing rapidly. The general
slow-down in business has led to downsizing and corporate reorganisation.

15.3.4.2 Objectives

The prime short-term objective is to ensure survival over the next few years. These
are expected to be very difficult. Longer term objectives are to increase the capability
to develop new products and services—possibly by increased joint venturing with
companies on other continents, and to find new ways to make and deliver products
and services to the customer faster than competitors. In the short term, cost reduction
is all-important, but in the longer term, time, not cost, will be the key competitive
parameter.

15.3.4.3 The Response to Change

Company D has made tremendous efforts to change. It has been through extensive
corporate restructuring activities and has divested some operations. It has started
joint ventures and new relationships with new partners. It has tried many new strate-
gies, and is torn between the benefits of focused factory, low-cost, niche, agile, and
high-velocity manufacturing. As one of the leading companies in its various mar-
kets, it is generally one of the first to develop and use new techniques. It has all
the latest CAD, CAE, CAM, aerodynamic and structural analysis systems. It has
invested a lot in new plants, introducing new techniques wherever possible. It has
invested heavily in TQM, CIM and time-based management. It was heavily involved
inCALSactivities, was one of the first companies to get involved inGATEC (Govern-
ment Acquisition Through Electronic Commerce) and CITIS (Contractor Integrated
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Technical Information Service). It was also a leader in IETMs (Interactive Electronic
Technical Manuals).

In spite of all the investment, there has not been much change in performance.
Although performance has improved a little, the results are nowhere near as good
as expected. Competitors are known to be making much faster progress. Company
D heard that Boeing worked really closely with its customers when developing the
777. Also, when it put together the body, wing and tail sections of the 777 for the
first time, they actually fit—which says a lot for the use of CAD. On a 737 redesign it
used 3D techniques to cut design time for one activity in half. Someone heard of the
development cycle of a major 767 derivative being cut from 40 months to 30 months.
At the P&WC subsidiary of United Technologies Corporation, development time for
a new engine was slashed from five years to less than three. The Boeing F/A-18E/F
used 42% less parts than earlier models from the same family, yet was 25% larger.

Company D has been evaluating its efforts, which have not been so successful,
and trying to work out where it went wrong. Looking back it now recognises that the
company focus was too far from Engineering. When business conditions were good,
topmanagement attention was elsewhere, for example, onMergers andAcquisitions.
Without focus and pressure from topmanagement, Engineering, like other functions,
felt no pressure to significantly improve performance. It over-engineeredmany of the
products. Then came the end of the ColdWar and the recession, and top management
has been so worried about not getting enough work, and wondering which operations
to sell off and which to buy from other companies in a similar position, there’s been
no time to think about productivity improvement.

Without an overall focus, many of the improvement programs that were started
have developed a life of their own, and instead of helping to reduce costs, have only
increased them. For example, a lot of money was spent on customising the CAD
system. This should have been left to the system vendor. Eventually the company
decided to change to a system from another vendor, so most of the customising
effort was wasted. A lot of money was spent on developing an in-house Product Data
Management system. Again this appears to be something that should have been left
to the vendor community. The company’s mission is to develop aerospace products
and services, not to develop software to support product development.

The company has found it very difficult to improve performance within its depart-
mental organisation. Performance improvements are implemented on a departmental
basis. Each department is responsible for its own performance, so it does what it can
to improve itself. The result is generally invisible. Even if Marketing could iden-
tify which potential customers were going to buy which products on a given day,
it wouldn’t make much difference. By the time that Engineering has deformed the
product specifications, and Manufacturing has made whatever adjustments it deems
necessary, and Finance has pushed the price up, the potential customer will already
have bought the competitor’s product. Even if Engineering buys the most modern
CAD technology, it’s not going to make much difference. Designing products that
customers don’t want with a modern CAD system isn’t any better than designing
products that customers don’t want with an old CAD system.More unwanted designs
will be produced, creating even more pressure on Manufacturing, and distorting the
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production plans. Manufacturing’s newMRP system would probably be able to han-
dle all the new designs, if only someone knew how it worked with Engineering’s
new CAD system.

During piecemeal implementation, the departments don’t work together. Each
does its own thing. The resulting sub-optimisation has little overall effect. Activities
involving more than one department are not considered for improvement as it would
be impossible to get everyone to agree, so activities like engineering change which
involve 16 departments, more than 50 documents, and a 9-month cycle time are not
considered for improvement.

15.3.4.4 Current Situation

Top management is concerned that Engineering still seems unable to keep to plan.
No sooner is a plan in place than Engineering wants to change it. The different engi-
neering departments seem unable to work together, reports from different depart-
ments are often inconsistent, and even when they address the same subject, different
departments come up with different answers. There appears to be continual inter-
departmental strife, with departments not working together to solve problems. Each
has to solve problems from its own viewpoint. They don’t share important data (e.g.
on customer requirements and competitors) between departments, and don’t share
reasons for engineering choices with manufacturing engineers.

The engineering function has become very expensive to run, and amajor customer
for capital investment. In view of its cost, top management is pursuing options to
spin it off as a separate company, or to sell it to a competitor. Any increase in its
efficiency will have a positive effect on its chances of survival. However, much of
the engineering process seems uncontrollable, and engineering management finds it
difficult to get productivity up.

Top management has also been looking at setting up an organisation along the
lines of Lockheed Martin’s Skunk Works or Boeing Phantom Works.

Engineeringmanagers recognise they have frequently missed important deadlines
and that some of the big projects have taken too long, for example the one that came
in 9 years late. They realise that marketing, engineering andmanufacturing processes
are changing fast under the influence of new techniques. They know thatmanagement
processes and organisational structures must change correspondingly. They read
about other companies using new approaches to reduce product development time,
to reduce batch sizes, to increase quality, and to improve overall productivity of the
workforce. When they look at the way their own company is behaving, they see
nothing likely to help the company gain or maintain a competitive advantage. They
feel they’re missing out—but don’t know what to do about it.

In spite of top management effort in restructuring, re-engineering and other
improvement initiatives, engineering managers feel the real problems are at top
management level. There say there are too many people who were once working
in government bureaucracies, too many corporate staffers, too many levels of middle
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managers. They recount countless horror stories highlighting top management’s fail-
ure to understand the specifics of the business. Although theirs is essentially a long-
term business, they say that management is primarily short-term profits-oriented, and
unable to define or stick with a long-term view. Because they can’t trust top man-
agement, they say they always add 15% to cost estimates, so that when management
makes across-the-board cuts they will be able to absorb the cuts and continue with
their programs.

15.3.4.5 What Comes Next?

Although the company may be on the way to solving some of its major organisa-
tional problems, the engineering departments mustn’t sit back and hope for the best.
They should start meeting and working together. The first step would be to agree a
Vision of the Engineering environment—not an easy task for people who have prob-
lems working together, but it will get them talking and working towards a common
objective.

In order to start putting things on the right path for the next decade, top man-
agement recently instigated and carried out an extensive review of business and
manufacturing processes with the aim of protecting current product positioning and
revenue streams, and developing new markets.

It was found that the single biggest cost driver was configuration management
and control. The review also showed up many areas where improvements could con-
tribute significantly to lowering costs, improving quality and reducing cycle times.
Enterprise-wide reengineering was identified as the key improvement activity, along
with the introduction of an ERP system and a sales configurator.

15.3.4.6 Introducing PDM

As a result of the review it was decided that PDM was a strategic technology for the
corporation’s future, and should be implemented with the objectives of:

• supporting digital design
• managing configurations
• supporting reengineering
• providing an enterprise-wide information vault
• enabling global product development collaboration
• improving customer service worldwide
• speeding up change management
• facilitating regulatory compliance.

It is planned that the system will manage the common repository of product data
for the full spectrum of business processes, including pre- and post-sales support.
The ultimate objective of the reengineering initiative is to double revenues over the
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next few years, and the corporation’s first step towards this goal is to be able to
respond more quickly to its customers.

To this end, new information systems will be developed to leverage the PDM
system’s capabilities. One of these will enable all sales, marketing, and support per-
sonnel to access, in less than sixty seconds, any product literature, such as drawings,
data sheets and specifications, produced by the company, or any of its predecessors,
at any time in their long history.

Another new-generation application will use the PDM system’s change manage-
ment functionality to identify parts needed for repairs, price them, and locate them,
wherever they may be in the world, in less than sixty seconds.

A new phase/gate system will be introduced to improve project management and
execution.

The CEO claims that the enterprise-wide reengineering initiative has the high-
est level of corporate priority. He expects it to have a massive impact on reducing
costs, cycle times and defects, while increasing customer satisfaction and corporate
profitability.

The Engineering VP is a leading supporter of the improvement initiative—which
he characterises as reengineering, process-based, oriented to cross-functional team-
ing, and intended to change the whole logistics of product information—resulting in
pulling product information rather than pushing it.

He envisions a future development and maintenance environment in which there
will be instantaneous flow and availability of accurate and complete engineering
information, from initial customer contact through to product delivery and superb
lifetime support.

He expects that PDM will enable the reengineering activity to meet its targets of
a 20% reduction in production costs, a 50% reduction in time-to-market, and 100%
customer satisfaction. He also expects that it will greatly increase the productivity
of Product Engineering, and ensure its future within the corporation.
Permission Statement
Reprinted/adapted by permission from Springer Nature Customer Service Centre
GmbH: Publisher: Springer, Title: Product Lifecycle Management: 21st Century
Paradigm for Product Realisation, Author: John Stark © 2004.

15.4 Summary

Although the four companies described in the previous section are in very different
circumstances, there is a lot of similarity between them. Companies like these feel
they are reaching the crunch. They are caught between rapidly evolving technology,
demanding customers and aggressive competitors.

Technology issues they have to face include the effect of the increasing amount
of electronics in products, the possibilities offered by widespread communication
networks, and the rapidly decreasing cost of computer power. Taken with customer
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demands and pressure from competitors, these imply more frequent design and vol-
ume changes, smaller volumes, andmuchmore responsivemanagement.Other issues
leading to change include the rapidly changing world business environment, increas-
ing globalisation and global competition, new technologies, deregulation, privatisa-
tion, environmental requirements, and consumer resistance to price increases.

All of these forces point towards reduced product development costs, reduced
product costs, reduced product development cycle times, improved quality and
improved asset utilisation.

Although managers often feel that their company is unique because the product
they make is different from other companies’ products, the four examples show that
there are many similarities between companies, and when it comes to improving
performance there are many commonalities.

Although there may be, as the examples indicate, many problems along the way,
the existence of successful, worldclass companies shows that it is possible to make
progress. There are many technologies and techniques available. It is not the fault
of the technologies that sometimes they don’t appear to work, because in other
circumstances they do work. Those who have succeeded in making techniques and
technologies work have discovered that the best results occur when information
systems are used to support a more effective process.
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Chapter 16
Closing Thoughts

John Stark The subject of this book is Product Lifecycle Management (PLM), the
business activity ofmanaging, in themost effective way, a company’s products all the
way across their lifecycles. PLM is themanagement system for a company’s products.
It organises a company’s product-related resources including software applications,
business processes, product data, people and parts.

This is the fourth edition of the book. I wrote the first edition in 2004. You may
be wondering where the information in the book comes from. The answer is from
practical experience of PLM. At the time of writing this edition, I’ve worked with
more than 100 companies on their PLM projects. I’ve worked with companies in
different industry sectors,with different products, at all stages of the product lifecycle.
I’veworked inmany areas of PLM. I’veworked on PLM inmany countries in Europe,
North America, Asia and Africa. The book isn’t academic theory. It’s based on real-
life practical experience.

Before getting to my experience in detail, I’ll mention something important it’s
taught me. I’ve learned that companies are very similar, and that there’s a great
opportunity to learn from the experience of other companies. Many people don’t
believe that. Often, in a first meeting with a company, people will tell me that their
company is unique and very special. They’ll say it’s different from any other company
that I could ever have worked with. And sometimes, I’ve even been told by someone
that anything I’ve seen in another company isn’t relevant to them, because their
company is so different. But, from my experience with more than 100 companies,
I’ve found that the differences between companies are much smaller than many
people think. For me, there are more similarities between companies than there are
differences. Sometimes companies may appear very different, but that’s because the
people in them are very different. And behave very differently.

How can this similarity between companies be justified? Well, if you think about
two companies in the same industry sector, they address a similar market. They
have similar customers. They have similar products with similar components. They
have to be compliant with the same laws and regulations. So can they really be very
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different? And, even if they were, I guess one would be more successful. So the other
would just try to copy that success, which would mean trying to be more similar.
My conclusion is that companies are similar, and there’s a lot to be learned from the
experience of other companies. That’s why you should read this book.

My experience with companies making products started on Monday, 5 February
1979 near Marseille, France. The company made helicopters. I was part of a team
working on the development of Computer-Aided Design (CAD) software for the
design and machining of complex-surfaced parts. I also trained users of the system
in the companies that acquired it. As we were developing a CAD system, we were
mainly working in the definition phase of their products’ lifecycles.

When I left the CADdevelopment job in 1984, I joined one of the bigmanagement
consultancy firms. I hoped that would allow me to help companies benefit from the
use of CAD. But it didn’t turn out like that. My assignments were mainly to help
companies select a CAD system, not to use it. Fortunately, I then had an assignment
to help a company define the requirements for an Engineering Data Management
(EDM) system. And that assignment led on to helping another company implement
a Product Data Management (PDM) system. About the same time, I helped another
company to define its New Product Development (NPD) and related processes. The
companies I worked with at that time were in industry sectors such as automotive,
pharmaceutical, transportation, electrical and electronic engineering and mechani-
cal engineering. They were making products such as oil platforms, elevators, cars,
automotive parts, medicines, control systems, computers, electrical connectors and
machine tools. These consulting projects took me into the realisation phase of the
product lifecycle. And also, for products such as elevators and machine tools, which
have long lives, into the maintenance/service phase and the end of life phase.

In 1991, I left that company, and founded “John Stark Associates”. Our activi-
ties are focused on PLM. Again, I worked with companies in many industry sec-
tors, for example, pharmaceutical, Fast- Moving Consumer Goods (FMCG), power
generation and distribution, apparel, automotive, consumer electronics, industrial
equipment, rail transportation, computer and medical device. These companies were
making products such as cars, weighing equipment, medicines, circuit breakers,
machine tools, helicopters, cameras, tools for surgeons, fasteners, drive belts, food,
beverages and automotive components. The assignments covered all the phases of
the product lifecycle: ideation, definition, realisation, service/maintenance and recy-
cling/disposal.

My work with a particular company is often for a few weeks or months. But
there are some companies that I’ve worked with for several years, long enough to
get to know them very well. I’ve worked with companies that have less than 100
people. I’ve worked with companies that have more than 10,000. I’ve worked with
companies in many industry sectors. So my experience is very company-oriented,
varied, in-depth, broad, real-life and practical. In this book, I’m not writing about
what I’ve read about in a textbook, but about what I’ve done, my experience.

I’m involved in different ways on different assignments. Sometimes I work with
the PLM Project Manager, sometimes with the PLM Core Team, or with the Core
Team and the PLM Extended Team. Sometimes with the Project Sponsor, or with



16 Closing Thoughts 573

the Steering Committee, or the CEO. Or the Engineering VP, or an R&DDirector, or
the CIO. In these assignments, the company is usually looking for help in a specific
area of their PLM project (or PLM Programme or PLM Initiative). That led me
to work, in various situations, on many subjects. Subjects such as development of
Engineering Vision and Strategy; PDM system selection; review of PLM status;
review of PLM project progress; improvement of business processes; support for
PLM project management; defining a data model for product data; PLM Strategy
definition; PLM Initiative planning; PLM project risk assessment; PLM education
and training;OrganisationalChangeManagement (OCM); data harmonisation across
different sites; implementation of a new NPD methodology.

I’ll outline very briefly some of my PLM assignments. One assignment was with
a global leader in the industrial belting sector. The objective was to improve business
processes across the product lifecycle and support them with a PDM system. The
results of the project included more truly innovative products being developed and a
reduction in product development time. For a $1B industrial equipmentmanufacturer,
the Initiative was part of post-merger integration. Product data from different sites
needed to be cleaned up, harmonised and loaded in a common PDM system. For a
global FMCGcompany, I supported the PLM Initiative for a year and a half. TheCEO
sponsored that Initiative. I focused on improving business processes including NPD,
reducing time to market by 10%. My activities included mapping and blueprinting
processes. For a $400Mmachine tool manufacturer with sites worldwide, I led PLM
Team education. I developed the PLM Vision and plans with the team. We defined
product data management requirements. We selected CAD and PDM systems. The
final presentation was to the President. For a medical device manufacturer, the objec-
tive was to reduce time to market by 15%. The CEOwas the PLM Initiative Sponsor.
I worked on the Initiative for about 4 years. I helped develop PLM Vision, Strategy
and plans; develop improved business processes; model product data, implement a
common PDMsystemworldwide. A global leader in the transportation sector wanted
to reduce time to market. I implemented cross-functional Product IdeaManagement,
NPD and Engineering Change Management (ECM) processes. For an $800M indus-
trial products company, the aim was to reduce time to market. The project began
with a review of the NPD process that showed time to market for some new products
could be reduced from 3 years to 3 months. As a result, the CEO got very interested.

Even though these companies were of different sizes and had different products,
you can see some similarities. Some subjects keep coming back. For example, the
NPD process, product data, PDM systems. There are similar business objectives such
as: reducing time to market; reducing costs; increasing the number of new products
per year; increasing revenues. There’s similar executive involvement. Usually, the
company President, CEO or COO had a role. In other cases, VPs and Directors were
involved.

Working in so many different projects in different situations led me to think about
the story of the blind men and the elephant. You’ve probably heard this tale. Each
blind man is asked to touch a different part of the elephant, and then say what they
think they’re touching. For example, the one who touches the elephant’s tail says that
he thinks he’s touching a rope. The one who touches the elephant’s trunk says that
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he thinks he’s touching a pipe. None of them thinks that he’s touching an elephant.
It’s only by touching many different parts of the elephant that a blind man would
realise he’s touching an elephant. In a similar way, I could look at any one of my
consulting assignments, and depending on the particular assignment, think that PLM
is just about PDM systems, or that PLM is just about product data, or that PLM is just
about product-related business processes. Looking at just one of those assignments, I
wouldn’t see all of PLM. I wouldn’t see the PLM elephant. It was only by working in
so many different assignments in so many different companies that the overall scope
of PLM, the elephant, became clear. This book should help you see and understand
the elephant of PLM.
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