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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 Girid, 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) oo

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 x7
Revenues from new services on existing products +40% Cost of materials and energy -25%
Number of significantly innovative new products x3 Recycling of products +90%
Development time for new products -50% Product traceability 100%

Fig. 1.1 Typical targets of a PLM Initiative

© Springer Nature Switzerland AG 2020 1
J. Stark, Product Lifecycle Management (Volume 1), Decision Engineering,
https://doi.org/10.1007/978-3-030-28864-8_1
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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 problems with 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 PLM Paradigm, 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’1l 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’1l 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 ThePof 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 product may 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.

= . oy 6l

Use Disposal
Ideation Definition Realisation e Recycling
Service Retirement

Fig. 1.3 The 5 phases of the product lifecycle



1.3 The P, L and M of PLM 7

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

Objectives | fEnzfs= i — ) —
& Metrics | | -Hamonen Processes 147817 — o () o

Managemen‘t ______ . - ] ] m
Ongastaation ﬁ@@ = ||:1|m||m|lm||a..1

People

Methods

Facilities
& Equipment

Product Data [Foi=rideia | Research dafa] [ Analyss, Simulabon & Testresls | [ Vowe ol e Froducidsta |
-E:.’F:-l_-[:wmamlL____JE ) [

Business — New Product Development

Processes
Products — .
Lifecycle Ideate Define

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. PLM helps 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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1 Product Lifecycle Management (PLM)

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

New Product Development
Configuration Management
Product Complaint Management

Idea Management
Program Management
Product Risk Management

Engineering Change Management
Intellectual Property 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 to work well 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 di nbly 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.
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Product Lifecycle Management (PLM)

Requirements Management | Rapid Prototyping Discovery | Big Data Analytics Recipe Development
Compliance Management Factory Simulation QFD Process Mapping loT 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 | nutinserter | 3D scanner | tool | shredder

Fig. 1.13 Examples of equipment in the PLM environment

Activity Based Costing (ABC)
Early Supplier Involvement (ESI)
Life Cycle Assessment (LCA)

Simultaneous Engineering
Fault Tree Analysis (FTA)
Poka Yoke

Design for Sustainability (DFS)
Just In Time (JIT)
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 Quality Management (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 to work with 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

In most 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”.

You may 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 to PLM. The environment in which companies managed products

# Parameter Golden Age Cattle Class

1 | Check-in Agent: isted 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 PLM paradigm, the way that a company manages 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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Marketing Marketing Marketing Marketing Marketing
R&D R&D R&D R&D R&D
Production Production Production Production Production
Service Service Service Service Service
Recycling Recycling Recycling Recycling Recycling
Finance Finance Finance Finance Finance
Product Ideation Product Definition  Product Realisation Product Support Product Recycling
Process Process Process Process Process

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).

:

CEO
[ |
84 AR
-
T 1
R&D Production Service -
specialists specialists specialists
knowledge knowledge knowledge
activities activities activities
training training training

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

Maybe each organised things differently. Each wrote its own guidelines. 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 the management of products changed from the previous
technical orientation to a business orientation.

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

portfolio, and maximising 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 and Quality, 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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» Product development projects failing
= Products not meeting specifications
« Products late to market
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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 are made 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.

Span of Interest (PLM Paradigm)

. Product . Product . Product . Product \\\ Product
//' Ideation ~ Definition //' Realisation //' Use/support - Retirement

Span of Interest (Departmental Paradigm)

Product Product
Development Manufacture

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 PLM Paradigm has important consequences for the compo-
nents of the PLM Grid. 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 PLM Paradigm, a cross-functional product data management (PDM) sys-
tem manages 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 PLM Paradigm, the software applications used to support product-related
activities across the lifecycle must fit into an overall company IS Architecture. (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 PLM Paradigm, 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 and Western Europe, engineers were nearly all male, and white.)

With the PLM Paradigm, Global Products give billions of people around the world
the possibility to benefit from products to which 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 they were 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 be managed, product data has to be managed,
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

PLM helps bring new products to market faster. It’s important for acompany to bring a
product to market quickly. Otherwise the customer will 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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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 in many 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 product may be 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 96 major 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 problem with 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 service was 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 and pharmaceuticals suffer from product
counterfeiting and product pirating. A 2009 report from the Organisation for Eco-
nomic Co-operation and Development 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 the CPSC, deaths, injuries and property damage from consumer product
incidents cost the US more than $1 trillion annually.

Similarly, each month the U.S. Food and Drug Administration lists recalls, market
withdrawals and safety alerts of products such as frozen strawberries, eye drops, 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.

PLM enables companies to take advantage of the many 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, Mobile Technology, 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 potential market for most companies is no longer a few hundred million 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 paradigm was 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 ®)
PLLM and Its Environment G

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’1l know how some people felt about that environment.
They’1l understand the product pains that occurred in this environment. They’1l 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
Innovation Management Begins”. Brad is the President of Goldense Group 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, they would have needed to be taught by a teacher or professor who had even more
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.



38 2 PLM and Its Environment

1982 | W.E. Deming published “Out of the Crisis”

1983 | Theodore Levitt wrote an article called ‘Globalization of Markets’

1985 | Michael Porter published “Competitive Advantage”

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

1990 | The worldis first website and server went live at CERN

1990 | James Womack published "The Machine That Changed the World"

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 Innovatoris 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 Reali

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 the date when PLM emerged, and the likely time for “Before PLM” to disappear,
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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Flg}.12.l§L IS[our @fferent paths Partial PLM
to the environment Traditional PLM
Transitioning
Partial PLM
Traditional PLM
Transitioning
Partial PLM
Traditional PLM
Transitioning
Partial PLM
Traditional PLM
Transitioning

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 the Marketing 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 told Marketing 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 took 2 weeks to do its job, then Engineering took 7 weeks,
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
2weeks.2+7+1+34+24+24+14+1+3+1+2=25weeks (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 Marketing Engineering Manufacturing
25 weeks
2 weeks
7 weeks
1 week
3 weeks
2 weeks
2 weeks
1 week
1 week
3 weeks
1 week
2 weeks
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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+4+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 functions weren’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 aresult, 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-
tiers were also sources of problems. Sales people offered customised versions without
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 a Mega-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. 3D printers are installed to produce prototypes rapidly. EDM applications
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



44 2 PLM and Its Environment

quality problems poor scheduling of projects increasing rework and engineering changes
information silos information security problems difficulties to take back retired products
communication silos poor supply chain co-ordination product development costs rising

Islands of Automation product projects coming in late service costs increasing, performance declining
redundant part numbers fragmenting the supply chain delays as new technologies become available
cycle times lengthening lengthening delivery cycles technical problems with new products

legacy data problems lack of up-front planning meeting specifications, not customer requirements
equipment under-utilised | re-using obsolete components not enough people to do the work

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, weighing more
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, many months 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 to maintain 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 aresult, 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, it was 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 the Cold War led to many countries
taking different roles in the global economy. In the 1980s, most of Poland’s exports
went to Warsaw 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 faced with 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 are major 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

[ 1S 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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increasing product functionality global products parallel world of software development
increasing product/solution/service complexity | customisation working effectively with partners

large volumes of data fast-changing products | products with very long lives
mechatronics increased competition new customer requirements

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 had much more 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 Product Lifetime Percentage of products
lifetimes (2003) 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 lifetime was 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 the many 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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outsourcing global warming mobile communications complexity of information systems

globalisation recycling directives corporate restructuring shareholder demands to increase value
IS evolution multi-site activities sustainable development | mass customisation and personalisation
product traceability | increased competition | demanding customers multi-cultural, multi-lingual environments

Fig. 2.15 Global economy drivers pushing PLM

[ powerful DBMS [ World Wide Web [ Internet [ GPS | Cloud |
| telecommunications | computer power | mobile telephony | RFID | loT |

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 the many 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.

Forces \

\

WWW, mobile telephony, Globalisation, China,
RFID, DB, cloud, Big Data, customisation, traceability,
Analytics, Social Technology, etc. sustainability, ete.

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
window of opportunity on new products because it couldn’t get into the market 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 executives were highly stressed. Each launched many improvement initiatives
in their own parts of the organisation. They blamed each other’s functional areas when
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. | 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. Thatis 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.”

“l 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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“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.”

“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.”

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. | 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. | 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. | 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. | 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 | don’t what to do with them. There are
so many that | 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



58

2 PLM and Its Environment

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 di nbly

Fig. 2.25 Product pain throughout the lifecycle

Fig. 2.26 Some effects of Area
losing control of a product
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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
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. 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 737 MAX 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

On August 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
heated washer fluid systems. In 2014, General Motors announced that it would rework
or replace the ignition keys on about 3.16 million 20002014 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 home mortgage 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
hundred million 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 USS.

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.

In2017, Equifax announced that an application vulnerability on one of its websites
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. When we 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 alack of good product developers. The company may suffer from the Not Invented
Here (NIH) syndrome, an unwillingness to benefit from external developments.

The type of issues mentioned above can result in problems with 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 for many companies. The world headcount continues to grow by more 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 opportunities with Smart Products. In addition to their primary function-
ality, these products have functionality to decide or communicate about their situation
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Fig. 2.34 Some smart “seeing”, “feeling”, “reading”, monitoring with various types of sensors
functions “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 can be fed into the development of the next generation of products.
It can also be used to optimise use of the product. For example, the collection and
analysis of information on truck utilisation can allow different maintenance 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 taking with
them the knowledge of why and how many activities in their organisations are carried
out, and why particular design and other decisions were taken for specific products.
Knowledge Management 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.
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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 it must 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 greckie

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 SKkills

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 user manual, or regulatory documentation, or a maintenance guide
The product may 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

Athome, among your products, you may have a washing machine. The manufacturer
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 Product Typical number of parts

parts in products
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 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. 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 BMW Series 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 been made and is in a warehouse, 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

LEINNT3

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



78 3 PLM and Products

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.

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.
Significant numbering systems can cause confusion.

Another issue is that a significant numbering system will 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 Product HP 2133

service tag s/n CNU8410HIM
p/n FU345EA#UUZ
H2133VC7MISW8N120BBNNN2CA

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:
WACLPOBLOWL7LX.

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.
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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 for my consulting work 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 external modems, 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,
they wouldn’t ask for a “kinda nice steel-blue”, but specify LB5T on 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 abillion PCs in use. In 2016, there were 2 billion smartphone users. 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 good money 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 [ worked with eventually



82 3 PLM and Products

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 a Broadcom 4322 AGN 802.11a/b/g/draft-n Wi-Fi Adapter.
There’s a C7-M Ultra Mobile Processor and Genuine Windows Vista Home Basic
32. As for dimensions it has H x W x D of 1.05 (at front) x 10.04 x 6.5 in. The
weight starts at 2.8 b (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 GS1 prefix, “Country Code” | Country

codes
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

The GS1 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.



84 3 PLM and Products

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 (17 edition)

978-144712678-2 | Product Lifecycle Management: 21st century Paradigm for Product Realisation (2" 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 L.12, 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 istants 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 x 768
resolution, another with a 8.9-in. WSVGA display with 1024 x 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
Carrying Case, a Value Nylon Case, a Universal Nylon Case and an Executive Leather
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,
asin “my caris 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 last Wright Model 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’1l 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 structure with more 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
[ : T ! ]

Body Electrical Powertrain
r—;\. — i ) | _\r - ]
BIw Chassis Engine Transmission Clutch
/—l; .

Engine block  Fuel system

Fig. 3.10 A graphical
structure

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 Level Occurrence in sequence Item

structure in array form
0 1 A
A1 1 BC
.2 1 XL
.3 1 DABC
.4 1 WA
.4 2 WwB
.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
] 1 DNPS
A 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 fromaB,aC,2 D’sand 4 E’s.

Fig. 3.12 An eBOM in P

graphical form B — W@
F@ 6@ H 1

Fig. 3.13 The same eBOM Level | Item | Quantity

in array form

mo|—|T|(O|®|m|w|>
ENJICY SN PN NN Y N N
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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 interface won’t be necessary. However, service engineers may
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 have more 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 name of the product line may 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 Product Portfolio

part V¥ | Product Family, Product Line, Product Group
V¥ | Assembly
¥ | Product

Part
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Fig. 3.15 From part to Product Portfolio
portfolio A | Product Family, Product Line, Product Group
A | Assembly
A | Product
Part

3.14.5 Product Model

A model is a simpler representation of something else. Because it’s less complex, a
product model can be built much quicker than the product itself. Once built, the model
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 customer might want to see a photograph, or a drawing, of
aproduct before ordering it. Other customers might want to see a list of specifications.
Another customer may want 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 developers will want to see other representations. On the shop floor, people
will want to see manufacturing drawings. Maintenance engineers won’t be interested
in seeing how the product is manufactured, 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 problem with 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 these was 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

The Canadian Transportation Safety Board investigation into the crash of the Swissair
Flight 111 MD-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. The Board’s report has along list of “Findings as to Causes and Contributing
Factors”. The investigation found that aircraft certification standards for material
flammability were inadequate. They allowed the use of materials 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
Group was restructured, SR Technics 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 direction was 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 aparticular 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 ®)
PL.M and Business Processes Gy

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 process modelling 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 and modelling 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’1l 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 process mapping and modelling. They’ll learn about the problems and
opportunities with business processes in the PLM environment of a typical company.
They’1l 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’t want waste in their processes. But, before they can eliminate the waste,
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 and maintained, 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 to work out the best way 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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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 departments working together. For example, developing a new product involves
people from Marketing, 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, they were recommended ways of carrying out particular
sets of activities.

Among the methods were Concurrent Engineering and Simultaneous Engineering.
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 of DFX methods 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 people who would previously have been involved much 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 these methods 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 1SO 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 PLM environment.
ISO 10007, “Quality management systems—QGuidelines 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 so many
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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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 PLM processes
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 so many business processes, and it’s so important to get them working 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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Product Portfolio Management

Product Product Product Product Product
Ideation Definition Realisation Support/Use Phase-out

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 needs metrics, or Key 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 PLM environment, most of the business processes will be company-specific.
In other areas of the company, for example, that of preparing the company accounts,
many companies will work 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
people working in the processes are wasting their time on 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
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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 know what 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

Quality Management

Product Portfolio Management

Product Product Product Product Product
ideation definition realisation use/support phase-out
processes processes processes processes processes

Change Management

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 are widely 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 problem can be overcome by using a standard notation for modelling 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 companyis 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. Simple models are needed to help people understand and communicate
about it. A model 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. It wouldn’t show the different routes the flow may take when 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 a more 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

the customer fills in the Complaint Form and sends it back to the manufacturer with the defective product
the company’s Quality Department receives the Complaint Form and the product

the Quality Department carries out an initial review of the form and the product

the Quality Dept. determines required next steps, creates an investigation plan, and launches next steps
the Production Department receives the Complaint Form and samples

the Production Dept. carries out a review, and decides if the problem is Production-related

the Production Dept. sends the Complaint Form and samples to the R&D Department

the R&D Department carries out a review and identifies the root cause

the R&D Department informs Customer Service

the Customer Service Department sends a reply to the customer

the customer receives the reply, is satisfied with it, .... and continues to buy the company's products

= |00 (N[O|O|_(WIN|=

ala

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 do we need to involve top management?”’

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
Tt Use Case Number:
descrlptlon 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 in many areas (Fig. 4.24) to describe the detailed interaction
between an application and a user.

Proposal Management System

Request
Proposal

Receive
Request

7 Salesperson

Product Manager

Customer

Prepare
Proposal

Present
Proposal

Fig. 4.22 A Use Case diagram for a proposal
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Look through
the catalogue
Reserve the
book
Book Borrower Check the
book out Library System
Extend the
loan
Remind when
past return date
Return the
book
pdate catalogue

for newly acquired
book

Librarian

Fig. 4.23 A Use Case diagram for a library

start-up of session | create an ECR import assembly data | create PDF of rel d 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 arenit 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 the moment 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. Others may call it the Modification process, or the Product Renewal 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 [dea 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 interfaces may be unclear, or overlap. Boundaries
between processes may be unclear. Process ownership may not be clearly defined. As
aresult, 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
in many other components. Business processes shouldn’t be addressed independently
of other components of the PLM environment. 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
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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 PLM Initiative 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



4.3 Process Reality in a Typical Company 127

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 experience with Visions started with a multi-client study that developed a com-
mon Vision for twenty companies. The initial idea came after a Corporate Vice Presi-
dent of a Fortune 50 corporation asked me how much it would cost to develop a Vision
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 6 months to complete, after which we 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 analysis will 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’1l 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 Relationship Management, 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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Future PLM
Situation
Current PLM |
Situation
Year O Yearn

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. Some may 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
backgrounds may have very di