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Introduction

Today, no one can remain indifferent to the climate emergency that is affecting the entire world,
bringing it ever closer to a point of no return. In response to this emergency, the European Union
has set the goal of achieving climate neutrality by 2050. The European Parliament has therefore
approved the European Commission's proposal to make it compulsory to place on the market by
2035 new cars with zero CO2 emissions, by banning the sale of internal combustion engines [/7].
This measure strains the Italian automotive sector, requiring car manufacturers to make a
paradigm change. In this context, FPT Industrial has responded to these regulations with the

opening of the ePowertrain Plant, the first carbon-neutral production plant in Italy.

This production plant has four main production lines for the manufacture of electric motors for

light and heavy commercial vehicles and battery packs for buses and minibusses.

In 2019, FPT industrial started doing business with a famous Italian luxury car manufacturer and
it was decided to use the production line dedicated to the realization of electric motors for light
commercial vehicles to produce a high-performance e-axle that is assembled inside an upcoming

Sports car model.

The high level of performance required makes quality control crucial during the development and
industrialization of this product. In particular, to guarantee the conformity of the totality of the
components required to manufacture the product, the Quality Control team decided to adapt the
Production Part Approval Process (PPAP) also to the gears that are produced internally, in another
area of the Production Plant, the Gearbox area, and that form the gearbox system of the electric

motor.

In this context, the necessity to adapt an already well-defined process, used to assess the
conformity of products supplied by external suppliers, to the components manufactured internally

within the company, emerged.



Therefore, the purpose of the following thesis work is to analyze how each point of the PPAP
process was adapted to this specific business case, evaluating then the main impacts in terms of

time and cost saving and quality improvement that the application of this process brought.

The document is organized into four chapters. The first one introduces the company and its
history, from its origins to the opening of the ePowertrain, with a hint at the future projects that
the company intends to pursue. The second chapter defines the Quality Control Pillar, with whom
I collaborated in developing the analysis, and the main tools used by this company function. In
the third chapter, all eighteen points of the PPAP process are defined firstly on a theoretical level,
showing then how they were adapted to the case analyzed. Subsequently, the fourth chapter delves
into the eighth point of the process, the one dedicated to the measurement capability analysis of
the measuring instruments, showing the difficulties that emerged and how they were addressed.
Finally, the conclusions report all the benefits in terms of time, costs, and quality brought by the

application of this process.



1. IVECO
1.1 The Company

IVECO

Iveco Group is a global leader in the design and manufacturing of road vehicles, providing
services to clients all over the world, thanks to a very diversified business portfolio, a strong
presence across the full range of commercial and specialty vehicles, and a focus on cutting-edge
sustainable solutions.

The name IVECO stands for “Industrial Vehicles Corporation” and it first appeared in 1975 after
a merger of eight unique, brands: the product range includes Light, Medium, and Heavy
Commercial Vehicles (IVECO), Powertrain (FPT Industrial), Buses (HEULIEZ, IVECO BUS),
Financial Services (IVECO CAPITAL) and Specialty Vehicles (IDV, ASTRA, and MAGIRUS).
IVECO has manufacturing and research facilities on all five continents. It employs approximately
25,000 people and is present all over the world: 24 plants in 11 countries produce vehicles using
up-to-date technologies developed in six research centers and a large service network ensures
assistance in any geographical area where an IVECO vehicle is in use.

The company's vision is to stand out from its competitors by providing value and quality to its
customers, offering solutions for the transport industry based on its own experience, in
cooperation with all partners worldwide.

Environmental Sustainability is the value that first and foremost guides the company (Iveco is the
European leader in the use of compressed and liquefied natural gas), followed by Technology and
Business Partnership (Iveco is the perfect business partner, strongly oriented towards the

customer and his needs). Moreover, the company is committed to doing everything possible to



minimize fuel consumption and maintenance costs and to maximize the residual value of vehicles

and the efficiency of fleet management.

IVECO has developed a model for the organization and control of its commercial activities and
the rules are recognized by all employees and corporate bodies: the company is governed by
several directors, both executive and non-executive, who establish a set of rules to govern the
management and direction of the company.

Since January 1, 2022, Gerrit Marx is the current CEO of IVECO: he is the person in charge of
managing core activities and leading the company to success.

Within the company, there are several decision-making bodies, which are responsible for deciding
the company strategy and reviewing operational performance. The most important ones are:

- The Board of Directors that has the collective responsibility for the strategy of the Company. It

is currently made up of nine Directors, two Executive Directors, and seven Non-executive
Directors. The candidates for appointment to the Board of Directors are evaluated according to
several factors, including gender, ethnicity, education, and nationality, to ensure that different
perspectives within the BOD lead to the development of more effective discussions.

- The Senior Leadership Team (SLT): an operational decision-making body of the Company,

which is responsible for reviewing the operational performance of the various business segments
and making decisions on certain operational issues.

The Board of Directors is responsible for decisions made by the SLT and has ultimate
responsibility for the management and external reporting of the Company. The SLT consists of

the Company's CEO and several senior executives. /2]



1.2 The history

The company's history is linked to one of the most famous Italian car companies, Fiat.

Fiat began its long series of acquisitions in the truck and heavy vehicle sector in 1933, with the
purchase of “OM” which stands for “Officine Meccaniche”.

The development of the goods and passenger transport sector then led Fiat to purchase UNIC in
1949 and the acquisition was finally completed in 1966. Three years later, the Fiat group decided
to take over the Lancia Group, and the 'Lancia Veicoli Industriali division was integrated into

'Fiat Veicoli Industriali', continuing the production of special vehicles.

In 1974, Fiat decided to acquire a majority stake in Magirus Deutz to facilitate the establishment

of a European industrial vehicle group. /5/

At this point, the Italian giant had to start thinking about whether it wanted to continue integrating
the acquisitions into the 'Fiat Veicoli Industriali' division or create a new brand, with its name and
identity. This second option, the more ambitious, was chosen, and in 1975, IVECO (Industrial
Vehicles Corporation) was born in Turin from the union of five Italian, French, and German
companies with around 150 years of experience in the industrial vehicle design and marketing
sector: OM (Italy), Fiat Veicoli Industriali (Italy), Lancia Veicoli Speciali (Italy), Unic (France)

and Magirus-Deutz (Germany).

The first commercial vehicle of the new merger was the IVECO Daily, the first model of which

was released in 1978. [5]



Figure I- First model of the IVECO Daily

After the release of the Daily, the first turbocharged diesel engine for heavy commercial vehicles
was presented, and in the same year, three new divisions were created: diesel engines, buses, and
fire-fighting vehicles. A few years later, in 1986, IVECO took over the Italian company Astra of
Piacenza, and entered a joint venture with the American company, Ford, creating IVECO Ford
Truck, which was assigned the production and sale of the largest vehicles in the [IVECO and Ford

Cargo ranges. [6]

In 1989, the first diesel engine with EGR was produced and immediately equipped the new Daily
to reduce pollutant emissions from commercial vehicles. During the 1990s, the IVECO product

range was completely renewed with EuroCargo, EuroTech, EuroTrakker, and EuroStar.

In the following years, the company continued to pursue its internationalization path through
acquisitions, alliances, and joint ventures with major companies in the automotive sector,
devoting a large part of the resources to the study and development of natural-gas-powered
vehicles. Because of these strategic alliances, IVECO has been able to grow and therefore the
company boasts a large number of production facilities worldwide. Thanks to its solid know-how
accumulated over time, it has achieved technological innovation and it has established itself in
the most important industrialized markets as well as in emerging markets, both in terms of

production and commerciality.



The IVECO group's merger with the CNH group was a watershed moment in the company's
history: in 2011, the activities of IVECO, along with those of CNH and FPT, were spun off from

the Fiat S.p.A. group and incorporated into the new Fiat Industrial division.

The Fiat Industrial S.p.A. group then signed an agreement with the CNH group in 2012 to merge

all the activities of IVECO, CNH, and FPT into one entity called CNH Industrial N.V. /3]

1.3 FPT
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Figure 2- FPT Industrial Logo

Due to the growing range of products designed and marketed by CNH Industrial, which has led
to the increasing complexity of the company's operations, to create two global leaders in their
respective fields, the CNH group has been divided into two parts: one dedicated to commercial

vehicles and engines, and the other dedicated to agricultural, construction and special vehicles.

FPT Industrial is CNH Industrial’s brand dedicated to the production of powertrains and
alternative propulsions for on- and off-road vehicles, as well as marine and power generation

applications.

The company employs approximately 8400 employees worldwide and it counts 10 plants, 6 R&D

centers, and a presence in more than 100 countries, with its own dealerships and service points.



Figure 3- FPT Industrial Plants in the world

FPT Industrial's business revolves around three main products:

1. Transmissions (Figure 4): they are designed for light commercial vehicles and F1 racing. The

product line includes 6-speed longitudinal manual transmissions with torque ratings of up to 500

Nm.

Figure 4- FPT Trasmission

2. Axles (Figure 5) in rear and front versions, with disc or drum brakes and a total ground mass

ranging from 2 to 40 tonnes. They are designed to be efficient and long-lasting.



Figure 5-FPT Axle

3. Engines (Figure 6) with displacements ranging from 2.3 to 12.9 liters, nominal power ranging

from 97 to 570 hp, and torque delivery ranging from 240 to 2500 Nm. /6]

Figure 6- FPT Engine

1.3.1 The Turin Plant

The Turin plant is divided into three main areas, each of them dedicated to the product range
manufactured. During my traineeship, I worked in the area dedicated to the production of axles,
known as the Driveline Area (figure 7). This section is subdivided into four operating units
according to the activities performed: the first area is dedicated to the production of parts that will
then be assembled in the assembly phase and of the gears that will be sent to the production area
dedicated to engines. The second one is the assembly area, in turn, divided into 7 lines, with both
automatic and manual workstations, organized according to the product manufactured,

distinguishing heavy, medium, and light parts. Once the assembly phase is complete, the axles
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are sent to the third area, the painting one, to then complete the cycle in the final area, the one

dedicated to the preparation of the products for shipment.

The photo below is provided to help understand the Driveline plant's structure /7]
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Figure 7- Driveline Plant

1.3.2 The ePowertrain

On 17 October 2022, a new FPT Production Plant was inaugurated in Turin, the ePowertain Plant,
the carbon-neutral site fully dedicated to the production of electric axles for heavy commercial
vehicles, electric central drives, and the assembly of battery packs for light commercial vehicles
and batteries. The company is, indeed, aiming to establish itself worldwide as a company focused
on the development of sustainable solutions. To this end, collaborations with other companies
that play a key role in the automotive industry are crucial: the company is currently working with
Nikola, a US company interested in producing zero-emission vehicles since 2016 that will provide

its expertise in fuel cells. Besides, the company is cooperating with the part of CNH Industrial
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specialized in the production of industrial vehicles and buses, which provides its engineering and

production expertise for the industrialization of new fuel cell and battery electric trucks. /8]

1.3.3 Products

FPT Industrial is offering a new series of fully integrated electric drivelines and energy storage
to demonstrate how the brand is evolving in the direction of a full Powertrain solution provider

to support its customers’ future product line-up.

1.3.3.1 Electric Axle for Light Commercial Vehicles

FPT’s engineering team designed a lean and robust central drive, to guarantee easy integration on
the existing platform and optimized space installation for battery packs. It is for rear-wheel-drive
application and it offers outstanding efficiency and durability. It integrates a parking lock system
for safety reasons, and it is easily adaptable for hybrid solutions. It is perfect for light commercial
vehicles and minibusses with Gross Vehicle Weights up to 8 tons and its first application is

projected to be the IVECO eDaily.

Figure 8- Iveco eDaily

1.3.3.2 Electric Axle for heavy commercial vehicles

Through the joint venture between IVECO, NIKOLA, and FPT Industrial, in just two years FPT
has rapidly designed, engineered, and launched a product that is destined to pioneer the world

electric heavy commercial vehicles market with first-time installation on the Nikola Tre BEV for

12



US market. Designed to fully integrate all ePowertrain elements in a compact solution to easily
house both the commercial load and the battery packs, scalable and adaptable to fit various
powertrain needs, it is a dual-eMotor axle (peak power 840kW, peak wheel torque 45k Nm), 1-
speed solution (25 or 21,5 depending on Europe or US market) for vehicles up to 44 tons, which
guarantees high performance and efficiency, reliability, with long oil change intervals and a rated
service life-time up to 1,200,000 km. The aim of the collaboration between the three giants of the

vehicle industry is therefore to bring to market the first zero-emission heavy truck.

Figure 9- NIKOLA TRE

1.3.3.3 Batteries

FPT Industrial has started battery pack development and production in Turin for commercial
vehicles, minibusses, and bus applications, featuring a multipack option for both goods and people
transport missions.

This was possible thanks to the collaboration with Microvast, the market leader in ultra-fast-
charging and long-life battery power systems, which delivers battery cells and modules from its
production plants across the globe. The commitment to high-performance and reliable
electrification solutions is completed by a range of cutting-edge Battery Management Systems,
and electronic control circuits that monitor and regulate the charging and discharge of batteries,

customized to get the longest battery life according to the use.
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For the anode material, MV cells adopt a patented porous composite carbon technology, and its
specific surface area is more than 20 times of traditional graphite, allowing the migration of a
greater number of lithium ions with a greater speed.

The 37kWh high-performance and efficient battery pack is made up of 16 modules and each
module is composed of 12 cells. The high flexibility due to in-house BMS and modular solutions
make FPT battery packs adaptable to different applications, from mini-Buses to Light

Commercial Vehicles.

1.3.4 Future Projects

The BMS is the key component in developing more efficient, longer-lasting (>2500 cycles), and
more reliable battery-powered applications. Thanks to advanced BMS algorithms, FPT can
optimize the battery pack through cells and modules balancing controls with improved battery
capacity and life.

The BMS can be the starting point for other projects on battery packs and as a cross-industry
powertrain provider, this solution will gradually cover in the future all the segments FPT worked
for: off-road, power generation, and marine applications.

From 2023 also a 69kWh high-performance and efficient battery pack will be on the market for
Bus applications: it is made up of 5 modules and each module is composed of 35 cells (pouch
tech with unique Lithium-ion tech for a class-leading energy density (>175Wh/kg) and long-life
cycle (>6500 cycles) in the City and Intercity Bus applications, with high continuous charging

and discharging time.
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2. Quality Control

My thesis work was carried out in the Quality Control area of the ePowertrain Plant of FPT, in
Turin.

The Quality Control sector has the objective of ensuring the release of products that conform to
safety and quality standards and exceed customer quality expectations. /9] [10]

During the product launch phase, we talk about First Time Quality, and it is even more crucial to
ensure that the products that are introduced to the market have the highest possible levels of
quality to be competitive in the market as much as possible.

This area has the role of identifying the root cause of the non-conformities encountered, removing
them, and intervening by adopting those solutions that can prevent the damages that may reoccur
later. In this way, the costs associated with scrap, sorting, and rework are reduced.

This is only possible by implementing processes and methods that are already optimized and not
by simply analyzing the output obtained. To solve a problem rationally, scientifically, and
efficiently, Quality control is performed according to seven steps, defined according to the PDCA
logic.

PDCA is an acronym that stands for “Plan-Do-Check-Act” and it refers to an iterative approach
used for the control and the continuous improvement of processes, based on the assumption that

a company must continue to improve over time to survive in the market against competition. /11]

Figure 10 shows the 7 steps that Plant Quality refers to:
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Figure 10- 7 Steps of Quality Control

The seven steps are:

e STEP 1: Choose the problem to solve: This is the first and most critical step of the
methodology. Since the resources are limited, it is not generally possible to work on all
problems and prioritization is fundamental to ensure that more important issues will be
attacked before lower-priority issues.

e STEP 2: Understand the Situation and Set targets: By investigating the situation
it is possible to select the “best” next steps and set proper targets.

e STEP 3: Plan Activities: In this phase, the Team in charge of solving the problem is
identified and it is assessed whether they have all the necessary skills and knowledge or
whether they need training. Moreover, the Timeline schedule is taken into account to
track if the project is moving according to expectations or if it needs to be escalated.

e STEP 4: Cause analysis: The root causes are identified using a wide assortment of

tools (QA Matrix, 4M, SW + 1H)
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e STEP 5: Consider and implement the solution: Very often it happens that there
are competing solutions involving effectiveness, cost, timing, etc. In this Step, multiple
tools for prioritization can be applied to choose the best solution.

e STEP 6: Check Results: It is crucial to know whether the actions taken have been
effective in eliminating the problem. The time needed to be certain that the objective has
been achieved depends on two factors: the Frequency of the problem (if it is infrequent,
the duration will need to be longer to understand if the problem has been truly solved)
and the corrective actions implemented.

e STEP 7: Standardize and Establish Controls: This final phase is fundamental to
avoid the defect from occurring again and to read across the solution to other areas that

could benefit.

2.1 Quality Control Tools

To identify critical issues and understand what corrective actions can be taken, during STEP 4 the

Quality Control Team uses different tools and I used some of these during my thesis work.

2.1.1 Statistical Tools

The traditional approach to quality control involves inspection activities based on statistical
methods. Analyses are performed on a sample, representative of the entire population from which
it was taken. Each part, constituting the sample, is analyzed with reference to specific quality
characteristics. [12]

The objectives of statistical analysis are: to improve production output, reduce process variability

by achieving a stable process and solve process problems.
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2.1.1.1 Control charts

Control charts are practical tools to monitor the evolution of production processes, making it clear
whether the process is in statistical control or not. A process is defined as “In statistical control”
when it is operating in the presence of chance causes of variation only, considering that in any
production process, a certain amount of natural variability always exists. On the contrary, a
process is considered “Out of control” if it is possible to recognize assignable causes such as
improperly adjusted or controlled machines, human errors, and defectives in the raw materials.
The graph is characterized by three horizontal lines: the Center Line (CL), the Upper Control
Limit (UCL), and the Lower Control Limit (LCL).

If the results obtained go outside the limits indicated by the graph, this means that the process is
out of control, and this requires targeted intervention to correct the deviation.

The following figure (Figure 11) shows an example of a Control Chart:

Sample values
A UCL

Center
line

Quality characteristic

[S¥]
s
=,

8 w12 14 16 18 20
Sample number, s

Figure 11- Example of Control Chart

The two control limits are set at a value of & L *o from the Center Line. o is the standard deviation

of the process and is calculated as:
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n-1

Where X is the nominal value of the sample statistic related to the quality characteristic.

L is a constant and it is usually set equal to 3 to have a probability of type I error equal to 0.0027.
This condition refers to a stable process in which a specific variable has a normal distribution,
and it is the traditional reference for a quality process.

Specifying the control limits is a crucial activity because the risk of a type I error (a point falling
outside the control limits even if the process is under control and no assignable causes are present)
increases as much as they are closer to the Center Line. On the contrary, expanding the control
limits increases the likelihood of a type II error (the risk of a point falling between the control

limits when the process is out of control)./15/
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Figure 12- 3¢ Distribution
2.1.1.2 Six Sigma

Six Sigma is a program implemented for the first time by the Motorola Corporation around 1980,
to develop projects that can improve a company's performance focusing on variability and
reduction of process defects. [12]

Thanks to this approach it’s possible to increase customer satisfaction, realize high-quality
services and products, increase the process capability by reducing process variations, and reduce
cost by increasing the effectiveness and efficiency of processes. Six sigma employs static and

problem-solving tools to conduct analyses, take measurements, and seek continuous improvement
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to eliminate defects and process variability. The concept behind six sigma is that defects in a
process can be measured and quantified. Once quantified, their causes can be identified, and
corrective actions can be implemented. The effectiveness of the corrective actions is then verified
by comparing the results obtained before and after the intervention.

The goal of implementing the Six Sigma Program is therefore to achieve a process that can be
described by a 'Six Sigma Level', which means having a value of L equal to 6. Setting the two
Control Limits at this distance from the Center Line means that the process described has 0.002
defects per million, with the process output within a range of 99.9999998%, as we can see from

the distribution presented in Figure 13.

09.9999998 %

—bo S0 —d4o 3o 2o -—lo +lo +20 +30 +40 +50¢ +b6o

Figure 13- Six Sigma distribution

2.1.2 QA Matrix

Quality control uses the QA matrix to keep track of the most serious defects. QA is an acronym
that stands for Quality Assurance Matrix, and it is fundamental to prioritize the intervention for
the resolution of the anomaly by evaluating the severity, costs, frequency, and detectability of the
problem. For each non-compliance generated, its priority index is calculated, given by the product

of the four parameters:

Priority Index = Frequency X Cost X Severity X (X Detection)
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e Frequency: it’s a value that goes from 1 to 5 to represent the sum of occurrences
observed at all detection points in the referring period. (The higher the number of
occurrences, the higher the score)

e (Cost: it’s a value that goes from 1 to 5 to represent the sum of all the costs associated
with the anomaly. (The higher the costs the higher the score)

e Severity: it’s a value that goes from 1 to 5 to represent the impact or the gravity of the
defect. It must be intended as increasing from the detection of the anomaly during the
process until the detection by the customer. (The higher the severity, the higher the score).

e Detection: it considers each point in the overall process where the defect has been found.
The values of the detection points are summarized to obtain a total, that is used in the
Priority Index calculation.//3/

Figure 14 below shows an example of QM Matrix and Priority Index calculation.
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Parts need to be returned to the vendor for re-work as the
belts are breaking due to a design issue at supplier. Part 3 3 4 13 458
number will change to 47945339 on their return,

Rust forming on the product delivery tubes pns 37490361,
67415459, 11415441, |nitial Warranty 123057031 and DAR 3 3 3 13 35
SAP#100055, SN 123057049

Valve block p/n 11556425 found with a severedwire on a
solenoid harness. Found whentaken outof KSI crate serial
#11663, for seq 164. Block was immediately rejected to QA 3 4 2 1 6 16§
quarantine. Upon additional inspection, a second harness
was noted to have been crushed, wires severed.

Bushing holes not plugged before paint, Part # 46673104

Figure 14 -Example of QA Matrix
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2.1.3 4M Analysis

The 4M analysis, also known as the Ishikawa diagram, is a tool used to understand the causes of
an event, to demonstrate where quality control issues may arise, and which resources are needed
at specific times. It takes this name from the developer Kaoru Ishikawa who, during the 1960s,

invented this method to measure quality control processes in the shipbuilding industry.

Machine

Material

Figure 15- Ishikawa diagram

As we can see from Figure 15, The Ishikawa diagram resembles a fish skeleton, with the "ribs"
representing the possible causes of an event and the outcome appearing at the head of the
skeleton. Each of the 'ribs' refers to one of the four 'M's": the four macro-areas that compose a

production system.

For each “M,” The questions to be asked are the following ones:

e Man - Is the problem due to a lack of training, skills, or attitude of the employees?

e Machine - Is the problem due to a lack of machine maintenance? Are upgrades to better
technology needed?

e Material - Are raw materials and inputs properly labeled, stored, and of high quality?

Have they been ordered in the right size and quantity?
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e Method - Does the production process have the most efficient number of steps, are there

bottlenecks, or is it overly complex and error-prone?

Once the source of the non-conformity has been identified, the problem is referred to the relevant
department so that it can deal with it and initiate the appropriate procedures. Each area has a
specific way to intervene. The Quality Control team applies two different modes of intervention
depending on whether the three macro-areas relating to man, method, and materials are involved,
or if the macro-area relating to machines is involved. In the first case, it’s possible to distinguish
7 steps through which the problem encountered is addressed, according to PDCA logic

previously described [711] :

1  PLAN: it refers to the phase of understanding the problem, verifying the causes, and
identifying possible solutions. The problem is outlined to determine exactly how to
achieve the objective. This phase is made up of four steps:

e Step 1: Problem Identification

e Step 2: Understand the situation, collect data, define the parameters to be
attacked and the values to be achieved

e Step 3: Decide which activities must be carried out, describe how to carry them
out, and to whom entrust the relevant responsibilities

e Step 4: Root cause analysis

2. DO: This is the phase in which the solution that has been found is applied. This second
phase can also be considered as a test phase because the solution is first applied on a
small scale (e.g., first on one product and not on the entire product range, or in one
department and not in the whole company). This phase involves Step 5: Consider and

implement the solution
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3. CHECK: In this phase, the results collected are compared with the targets set, it’s the
moment to verify what worked well and what went differently from what was planned.
It is important to maintain objectivity when observing the plan and its implementation.
This Phase involves Step 6: Check the results

4. ACT: Now that the problems are known and the causes have been identified, the plan
can be adapted and finally implemented. While the 'Do' phase, carried out on a small
scale, was a trial run, the fourth and final phase encompasses the whole picture. Once
the transformation is complete, the new state is to be considered the standard. This level
of quality must no longer be abandoned for lower-quality choices. Therefore, a form of
control must be installed.

This phase involves the final Step: Standardize and establish control.

On the other hand, as far as the machine macro-area is concerned, the 7 intervention steps

provided comply with the following intervention flow:

-Step 1: Analysis of current machine conditions, clarifying the relationship between the quality
characteristics obtained and the machines and tools used

- Step 2: Return machinery to nominal working conditions

- Step 3: Analysis of possible causes for deviation from optimal conditions

- Step 4: Define the actions needed to eliminate the causes of failure

- Step 5: Definition of control actions for the proper functioning of machines.

- Step 6: Definition of daily and periodic monitoring activities.

- Step 7: Analysis to identify further possible corrective actions

24



2.1.4 X Matrix

The X Matrix is a tool that is used during step 5, concerning the macro area of the machines. It is
a matrix that allows defining a relationship between the mode of the defect, the phenomenon that
caused the anomaly, the component of the machine involved, and the parameters of interest.

The Defect Mode specifies the defect that can be generated in relation to the specific machine
and the process parameters and settings. The Phenomenon is a brief description of the event
causing the problem under analysis. It is the condition that exists because of the root cause. The
Machine Components is the list of the machine components that control the phenomenon
specifying the physical spare parts and the sub-assemblies. For each component, the critical
variables, and the standard values that these should assume to reach a condition of zero defects
are defined.

The Machine Parameters are the list of the Parameters that must be considered to get the
toughness and reliability of the machine.

Figure 16 shows an example of the X Matrix that is used by the company.
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Figure 16- Example of X Matrix
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2.1.5 QM Matrix

The Sixth Step of the macro area referred to the machines involves the use of the QM Matrix. The
acronym stands for Quality Maintenance Matrix and it’s a tool used to define the control plan to
respect the parameters previously defined in the X Matrix. It’s usually posted on the machine to

help the team solve problems when they occur.

Process Parameters

Condition standard

Value | Tolerance

Method | Tool
Frequency
Control
Responsible
Standard document

Figure 17- OM Matrix Template

Figure 17 shows the QM Matrix template that is used by the company: for each parameter
that is first identified by the X Matrix, the relevant unit of measurement, tolerance values and
controls to be performed are defined. It’s also important to know how the controls are to be

carried out: how often and who oversees them.
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2.1.6 5W + 1H

The 5 W + 1 H method was developed by Rudyard Kipling and was first used in journalism.

The need to develop this method comes from the consideration that each type of business

faces problems that are more or less complex. The less complex ones frequently require

obvious solutions, whereas the more complex ones necessitate more in-depth analysis to

determine the root cause. In the latter case, it is, therefore, necessary to ask the appropriate

questions and collect the necessary information. The technique follows the logic of problem-

solving and aims to identify a cause-and-effect relationship between the events that describe

a given problem through a series of questions. [74]

The title alludes to the six questions:

1.

What? What is the problem? What is the fact? What does this activity involve? What is
done? What else could be done?

When? When did the problems arise? When was the problem encountered? When is the
activity to be carried out?

Where? Where was the problem found? Where did the problem arise and where does it
affect? Where should the activity take place?

Who? Who observed the problem? Who will lead to the solution? Who does this
habitually? Who is doing it at this time/period? Who should do it? Who else could be
doing it? Who else should do it?

Which? Which trend does the problem have? Which direction does the problem happen
in?

How? How big is it? How bad is it? How should this activity be carried out? How is it
carried out? How could the activity be carried out if we decided to consider a different

approach? How could we use this approach in other activities?
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The approach involves collecting all possible data to produce a report that can accurately describe
the situation and identify the actual source of the problem. While the 5 Ws look for the causes of

the problem, the H aims to identify the solution to the problem.

Figure 18 below shows the Template used in the company for the SW + 1H analysis.

Initial Description of the Problem:

* What does the problem look like? What product,
What machine, material was being used? What size?

* When did the problem occur? When in the seguence of
When operation; startup, continuous running, intermittent
problem, shutdown, changeover?

* Where did you see the problem? Where on the
Where equipment or material did you see the problem?

* Who can effect it? Everyone? Or is it less of a problem
Wh for some individuals or teams? (If so, what info can they
o offer?) Is it skill related? Is there a “knack”™?

* Which trend or pattern does the problem have? Eg. Is
the problem mare frequent on Monday mornings? After a
Which change-over? Which direction does the problem happen
in? {(Mote: Mot many problem are truly random!)

* How is the state of the equipment changed from the
How optimal? How many times does the problem occur?

Revised Problem or Phenomenon Description:

Figure 18- Template for SW + 1 H analysis
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3. PPAP

During my internship and my thesis work at FPT's ePowertrain Plant in Turin, I had the
opportunity to witness and take part in some of the procedures that are necessary when starting
the production of a completely new product. One of these is the Production Part Approval Process,
whose acronym is PPAP. This is a procedure to ensure that the selected suppliers are able to
supply components with the required characteristics and ensure the set standard also in series
production. [16] [17] [18]

To provide a more precise description of the Production Part Approval Process (PPAP), it is
necessary to first describe the Advanced Product Quality Planning (APQP) as the PPAP is
considered an output of the APQP.

PPAP and APQP are two methodologies that have long been used in the automotive industry,
which has always had to cope with the complexity of manufactured products with high failure
rates, especially in innovative product development. These two methods, indeed, allow the

development of new products in a short time, guaranteeing customer satisfaction.

3.1 APQP

APQP (Advanced Product Quality Planning) is a structured process, starting with the selection of
the supplier to the qualification of the supplied product for production, which ensures that the
supplied product fully meets customer requirements. It is set to involve customers and suppliers
in product development activities and aimed at ensuring that all processes involved in the
realization of a product, from its design and production phase to post-delivery services and
customer feedback are synchronized. It has become a key system to develop a quality plan to
ensure customer satisfaction and support early identification of possible changes to the new

product.
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Keeping the process under control ensures that it can be continuously improved thanks to good
communication between departments.

The APQP process consists of ten main steps that guide the production process during the product
development phase and seven steps that are followed once product production has started.

All the steps that make up the APQP process are presented below in Figure 16.

PPAP

PROCESS AUDIT

TOOLING ANALYSIS

QUALITY RISK ASSESSMENT

~ POTENTIAL SUPPLIER

STATEMENT OF REQUIREMENTS

Figure 19- 17 APQP Steps

3.1.1 The sourcing Phase

When a company decides to pursue the development of a new product, it must first carefully
evaluate suppliers. The sourcing Phase is the first part of the APQP process and involves the
Procurement Department. It uses selection criteria to identify suppliers that can comply with the
quality requirements that are established and listed in a document, the Supplier Quality Statement

of Requirements, that is shared with and signed by the suppliers. This phase is made up of 4 steps:
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STEP 1: Statement of Requirements: This step provides for the drafting of the

Supplier Quality Statement of Requirements, mentioned before. It is a document that
informs the supplier about the quality requirements, including the special ones linked to
the part construction technology, and obtains from the supplier all the information related

to its quality system, its standards, and future behaviors.

STEP 2: Potential Supplier Assessment: The PSA is a tool that is used to evaluate

suppliers that do not currently supply any parts to the company.

The evaluation is carried out on the processes that the supplier dedicates to the
production of similar parts for competitors and must only be carried out once per
product family, even if the supplier has already been evaluated for other families.

STEP 3: Technical Review: This phase involves the involvement of the

Engineering area, which is responsible for carrying out technical analyses on the
components to be supplied and is functional to the next step, the Quality Risk
Assessment.

STEP 4: Quality Risk Assessment: It’s when all the potential quality risks related

to every single supplier involved are identified. It’s important to take into account
all the main categories of risks occurring during the development and production
of the product, to guide the Supplier Quality Engineer in the evaluation. The
evaluation could be positive, negative, or under conditions when the applicable
requirements are not met but the supplier can provide a corrective action plant.
The Quality Risk Assessment defines the supplier base the Buyer will work with,

to reach the cost target for the parts. [17]
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3.1.2 Part List Risk Assessment

All components of a new or reconditioned product manufactured by the company have a
component classification code that could be CNHO, CNH1, or CNH2.

CNHO means “Normal Component”: it has standard functionality, performs not complex
functions, and historically has not caused any problems.

CNHI1 means “Important Component”: it is of average complexity and is associated with some
risk of part or process instability or failure.

CNH2 means “Critical Component’: it is usually very complex and performs critical and complex
functions, failure of which would result in serious consequences for the entire vehicle and serious

operator safety concerns.

Once the supplier has been selected, it is important to make a list of all the components that are
most critical because only the high-risk parts need to be followed by the whole APQP process.
This list is called “The APQP Parts List” and consists of all the High-Risk parts and it’s the output
of the APQP Platform Risk Assessment. During this phase, the Supplier Quality, in collaboration
with the Plant Quality, evaluates the risks of poor quality referring to supplier quality history and
overall performance and the risks of failures referring to the operative conditions and to the
environment under which the parts operate, taking into account the internal classification of the
components. Usually, all the components classified as CNH2, and the most critical parts classified

as CNHI are part of this list while the parts classified as CNHO are usually excluded. [17]

3.1.3 Program Review and Tooling Analysis

Once the Supplier is defined and in the APQP List, the First important activity to perform is the
Process Planning Review with the supplier, involving Engineering, Quality, Manufacturing, and

Product Development Team.
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The APQP Process Planning Review is a periodic meeting, formalized through a specific format,
to put in evidence, as earlier as possible, potential job stoppers, or risks for the project and to
identify actions to prevent potential quality issues. First APQP Process Planning Review shall be
performed within one month from the recommendation date and, further on, depending on

program milestones and criticalities.

3.1.4 Process Audit

The Process Audit is a specific process developed by Supplier Quality with the aim to early
identify if the supplier process control plan weak point deserves corrective actions within defined
periods. The Supplier Quality Engineer assigns a value ranging from 3 upwards to the supplier
process control. If the value assigned is greater than 4, the process audited can be considered fully
stable and in control. If the Supplier Quality Engineer assigns PA equal to or lower than 3 it means
that temporary containments and additional quality checks are in place to assure that identified

control plan weaknesses are adequately under control to not represent a risk for product quality.
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3.2 PPAP Process Description

The Production Part Approval Process (PPAP) was developed in the 1990s within the supply
chain of the US automotive industry.

It is a risk assessment and mitigation procedure used to demonstrate that a supplier's production
process is repeatable, stable, and capable of producing a product that fully meets quality
requirements [/9/ . This is done by simulating a production cycle carried out with machines,
measuring instruments, and using mass production operators, which respects the production
cadence required by the contractual agreements with the customer. The aim is to promote a better
understanding of the requirements of manufacturers and suppliers so that the suppliers’ processes
can consistently produce parts at the production rate established during routine production cycles,

resulting in fewer product or process revisions. [16]

The PPAP process applies to all new externally purchased components, excluding undefined
materials (bulk materials), spare parts, and accessories. If the supplier's equipment or production
process or product characteristics change, the supplier is obliged to inform the customer and
submit a new PPAP to qualify the product at the supplier's expense to ensure that it complies with
the purchaser's technical and quality specifications.

Other cases in which the PPAP must be carried out are after the transfer of the supplier's
production from one site to another or after its retooling within the same production site or if the
production process is restarted after a period of inactivity longer than one year and if a part
previously subjected to a PPAP undergoes non-conformity corrections. [19/

For production parts, the product for the PPAP must be taken from a significant production batch.
This significant production batch must cover a period of one hour to eight hours of production
and must consist of a minimum of 300 consecutive parts unless otherwise specified by the

customer.
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This significant production batch must be made at the production site, at production speed using
the production equipment, production measuring instruments, production process, production
materials, and production operators.

Sample batch sizes must be discussed and agreed upon with the customer before the PPAP
process. If the planned volumes are so small that 30 samples cannot be made before production,
PPAP approval may be granted temporarily. During the interim period, a dimensional report with
100 percent checks of special features is required.

For the automotive industry, the PPAP process is currently governed by the Automotive Industry
Action Group (AIAG) PPAP manual.

The PPAP process is made up of a series of documents under a single form called the PPAP
Approval Form, which is delivered by the supplier to the customer together with all the
documentation and product samples. On receipt of the document, the customer makes all the
necessary checks to assess whether the objectives have been achieved. The elements that
constitute the PPAP are analyzed below to better understand their place within the APQP process.
The PPAP process is made up of 18 key points, described below, but this does not preclude the

customer from requesting additional elements according to their needs.

. Engineering Drawing

The supplier must provide the customer with all design data of the products it supplies, including
the ones of the components and details of the product.

When the design data is in electronic format, the supplier must create a hard copy to identify the
measurements taken (graphs, dimensional geometry, tolerance sheets, drawings).

For each product, part, or component supplied, there must be a single set of design data, regardless
of who is responsible for the design and a master design record must be available for the product

to be submitted for PPAP. This master design must contain all the requirements agreed upon with
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the customer, such as performance characteristics and interface dimensions: in this way, the

customer can quickly verify that all requirements have been met. [16/

. Engineering Change Documents

The supplier must collect all technical documents relating to those modifications not yet recorded
in the design documentation but already incorporated in the product. All these variations from the

original must already be approved by the customer. [16]

. Engineering Client Approval

If specified by the customer, the supplier must provide a certificate of approval of the customer's
engineering area regarding the engineering drawings presented. This proof may be a simple e-
mail or a more articulate and formal document agreed upon between the customer and supplier.

The process leaves a lot of freedom at this stage. [16/

. Design FMEA (DFMEA)

DFMEA is an FMEA that is applied during the design phase. The acronym is derived from the
words: Design Failure Mode and Effects Analysis. The FMEA is a systematic group of activities
used to recognize and evaluate potential failures of systems, products, or processes. For each of
these failures, the possible effects they may have on the process are identified and the possible

corrective actions that can be taken to eliminate or mitigate these failures as much as possible are

listed. /20]/21]

FMEA considers four areas of analysis:
Failure mode: how a failure is observed

Failure effect: the immediate consequences of a failure in operation, function, or functionality
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Failure causes: the underlying cause of the failure, or things that initiate processes that lead to
failure (such as a defect in the design, system, process, quality, or application of the part)
Severity: the consequences of a failure mode, framed as the worst outcome, degree of injury,

damage, or property damage

Once the failure is identified and evaluated, its Risk Priority Number (RPN) is calculated
considering several variables:

1. Severity (S) of the failure effect: the effects of the failure are rated with a value ranging from
1, if the effects caused are not severe, to 10, if it is a failure whose consequences may lead to
process interruption or permanent damage to the component.

2. Occurrence (O): the frequency with which the failure may occur within a predetermined time

interval is assessed with a value ranging from 1 if it is very rare to 10 if it is a very frequent failure.

3. Detectability (D): the ease with which the fault can be detected before it occurs is assessed:

it is assigned a value of 1 if it is a very detectable fault and 10 if it is a very undetectable fault.

The PRN value is obtained by multiplying the values:
RPN =S X0XD
obtaining a number that goes from 1 to 1000. The higher the value of RPN, the higher the priority

to intervene to limit this failure mode.

At this point of the PPAP process, the supplier must therefore provide a document to keep track
of all the FMEA analysis that has been done during the Design Phase of the project, the DFMEA.
This analysis is done considering all the material properties, geometry, regulatory requirements,
tolerances, and interactions of the product that must be supplied to identify and try to prevent the

failures to be built into the design right from the beginning. Quality issues with the design of the
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product can cause a wide range of problems: issues that lead to safety hazards can damage the

reputation beyond repair, while minor quality issues can frustrate customers. [/6/

. Process Flow Chart

The supplier must provide a process Flowchart to clearly describe the appropriate steps and
sequence of the production process. The goal is to provide a synthetic and schematic
representation of the production process, which can demonstrate which operations the product
must go through to progress from raw material to finished product, how these are related to one
another, and the possible presence of points within the process where decisions must be made
based on the product's conditions. This representation makes it easier to identify the points in the
process where intervention to optimize it is most convenient and those that require more attention.
In this sense, the flow diagram must specify operations where components designated as
Functional Safety Relevant are mounted or tested. A component is considered Functional Safety
if it is related to the overall safety of the product, that is if it makes sure that there are no accidents

due to hazards arising from the malfunctioning of electrical and electronic systems. /16/

. Process FMEA (PFMEA)

The acronym PFMEA is derived from the words: Process Failure Mode and Effects Analysis and
is an FMEA analysis like the DFMEA previously described. However, the difference is that the
DMEA is used to analyze potential failures of a product design, while the PFMEA serves to
analyze the potential failures of a particular process of a business unit. It is used for risk analysis
in a process by analyzing the risk at each step of that process considering how a process could
fail to produce the desired output./20/

In this phase of the PPAP process, the supplier must give evidence of the PFMEA analysis done,

to assure the customer that all potential problems that the production process have been identified,
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assessed from the point of view of severity, occurrence, and detectability, and for each one an

action plan has been defined to mitigate the risk of these problems occurring. [16/

Control Plan

The supplier must have a Control Plan that defines all methods used to control the process and
conforms to the requirements specified by the customer.

The Control Plan is a living document that describes all the actions (measurements, quality
checks, or process parameter monitoring) that must be performed at each stage of a process to
ensure that the process outputs meet pre-determined requirements. It provides all the information
needed by the operator or inspector to properly control the process and includes instructions on
what to do if a nonconformance is discovered. Control plans should be updated regularly as

measurement methods and controls improve throughout the product's life cycle. [16]

. MSA- Measure Instruments

This step of the PPAP process will be explained in detail in the following chapter.

. Dimensional Report

The supplier must provide evidence that the dimensional checks required by the design data and
all checks that are stated on the Control Plan have been completed according to the correct
procedures and that the results indicate compliance with the specified requirements. The supplier
must complete the “Dimensional Results Report (DRR)”, a document that provides a record of
the dimensional data taken from the product produced during the production process run, to ensure
that all dimensions, features, and specifications of the manufactured product are in line with the
design data and with the Control Plan.

All documents that are provided as proof of dimensional verification such as dimensional survey
sheets or measuring machine results must include the date reference of the design documentation

(drawing date), modification level, name of the organization, part number, and reference to any
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documents relating to authorized technical modifications not yet incorporated into the design

documentation for the authorized part according to the correct procedures./16]

10.Material & Engine Test

The supplier must keep track of and provide a document summarizing all tests performed on the
product. Tests may be performance tests if the component must meet functional requirements, or
material tests if the component must meet chemical, physical, or metallurgical requirements,
depending on the Design Document or as defined in the Control Plan.

The summary must report the results of the tests whether positive or negative. [16/

11.Initial Process Study

The purpose of this step of the PPAP process is to determine whether the production process can
produce a product that meets the customer's requirements continuously.

To do this, a Short-Term Capability study is carried out. It is a short-term study conducted to
obtain the first information on a process and is therefore the initial stage of establishing the
suitability of the process. It is a preliminary, short-term study and does not predict the effects of
time and changes in people, materials, methods, equipment, measuring systems, and the
environment.

The preliminary process studies must be summarized through capacity and performance indexes.
When it comes to capacity studies on a stable process under control, the indices that are taken into
account are Cp and Cpk, whereas if the process to be analyzed is new and therefore not under
statistical control, the indexes used are Pp and Ppk.

The study consists of verifying the variability associated with the normal production conditions
of the workstation within the production process, by evaluating the process capability by
statistical sampling on a production batch made on a working day. To carry out the study, it is
necessary to ensure that the process or individual workstation is in its final technologically

designed condition.
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The capability study for stable processes is performed by analyzing a small number of data

(between 30 and 50, or a particular subset of data) and calculating the Cp:

_ USL — LSL
tp = 60

where USL and LSL are the upper and lower specification limits respectively and ¢ the standard
deviation of the process calculated on a small number of data (between 30 and 50). The higher
the value of Cp, the lower the value of the standard deviation. This means that processes with

very limited causes of variation have a high Cp value.

Cpk, on the other hand, is calculated as follows:

USL —Xx Y—LSL)

e = win (ZL2%,
p n 30 30

Cpk expresses the minimum distance of the process mean from the specification limits normalized
to 3 times the standard deviation calculated on a small amount of data. As Cpk increases, the
number of cases over specification limits and thus deviation decreases.

The Capability study for unstable processes, on the other hand, requires calculating Pp and Ppk
which are defined as Cp and Cpk with the difference that the standard deviation is calculated on
all available data and not on a limited quantity. They are considered performance indexes because
they give information on how the process has performed in the past but not on its ability to meet
customer demands in the future.

For a process to be considered stable, the values of Cp and Cpk must be greater than 1.33 while,
for unstable processes, the value of Pp must be greater than 1.67 and the ones of Ppk greater than
1.33.

If the evaluated process is found to be unstable, the supplier must identify, evaluate and, if
possible, eliminate the special causes of variation before the submission of the PPAP and must

submit a corrective action plan for its attention before any product submission. [16] [21]
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12.Laboratory Documents

Checks and tests for PPAP must be carried out in qualified laboratories as defined by customer
requirements. Qualified laboratories are those that comply with ISO/IEC 17025 or are directly or
indirectly accepted by the customer.

When a laboratory outside the supplier's production facility is used, the test results must be
presented on the supplier's letterhead or the normal laboratory registration format, which must
contain the name of the laboratory performing the tests, the test result, and the standards used in

performing the tests./76]

13.Appearance Approval Report (AAR)

An Aesthetic Requirements Report (AAR) must be completed for each part or series of parts for
which the design documentation includes aesthetic requirements for color, graininess, or surface
appearance. This is needed to verify that the customer has inspected the final product and it meets
all the required appearance specifications for the design. The checks that are made on the finished
product are mainly the presence of unpainted areas, any damage due to handling, color matching,

any water stains, or the presence of bubbles and debris due to a defect in the paintwork. [16]

14.Sample Production Parts

The supplier must provide product samples taken from the initial production batch, in the quantity
specified by the customer, so that the customer can make the appropriate dimensional

verifications in their metrological laboratories. [16/

15.Master Sample

The purpose of the master sample is to contribute to the definition of the production standard,

where data are ambiguous or insufficiently detailed to permit the complete reproduction of parts
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conforming to the approved original. It is usually used to train operators on subjective inspections
such as visual or for noise.

The supplier should retain a master sample after approval of the PPAP part when specified by the
customer, for the same period as the production part approval documentation or until a new
reference sample of the same part is produced for customer approval.

The master sample must be identified as such and must be marked with the date of approval by
the customer. The supplier must keep a reference sample for each piece of equipment or multiple

production processes unless otherwise specified by the customer. [16]

16. Control Tools for specific components

Ifrequested by the customer, the supplier must submit with the PPAP the inspection tools specific
to the component. Control tools may include variable and attribute gauges, masks, and other
specific tools related to control over the product presented.

The supplier must certify that the control tool conforms to the dimensional requirements of the
part and must document all technical design changes incorporated in the control tool at the time
of submission.

Besides, the supplier is responsible for the preventive maintenance of the control instruments

throughout the expected life of the part. [16]

17. Accordance with customer Requirements

The supplier must have documentation proving compliance with all customer-specific

requirements./16]
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18. Part Submission Warrant (PSW)

Upon successful completion of all PPAP requirements, the supplier must enter the required
information on the Certificate of Conformity, the Part Submission Warrant, or PSW. It is the final
document that summarizes the Drawing numbers and revisions, the Information about the parts,
the test results, the material declaration number, and any deviations from the earlier elements.

A different Certificate of Conformity must be completed for each customer part number unless
otherwise agreed with the customer. The supplier shall verify that all measurement and test results

comply with the customer's requirements. /16]
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3.3 Internal PPAP Process — Case Study

As mentioned before in paragraph 1.2.2 of the first chapter, FPT Industrial is responding to the
increasingly restrictive regulations in terms of pollution by pursuing a project that looks at
environmental sustainability and that took shape in 2018 with the opening of the ePowertrain
Plant, the FPT's plant completely dedicated to the production of electric axles for light and heavy
commercial vehicles.

In 2019, FPT industrial entered into commercial agreements with a major Italian luxury car
manufacturer to produce an engine that would be able to guarantee performance in terms of power
and speed comparable to that of the petrol engines commonly made by the company, but fully
electric. To do this, the production line used to make engines for light commercial vehicles was
adapted to make this high-performance electric motor, as the two products follow a similar
assembly process.

Most of the components used to make the SportCar engine are produced by external suppliers.
Therefore, a PPAP process has been launched for each of these components since this is a new
product and suppliers have yet to be chosen and evaluated.

However, the gears and input and output shafts required to make the engine gearbox system are
produced in-house at the FPT plant, in another area, the Gearbox Area, where the gearbox systems
for the trucks produced by the company are also made. These components are considered Make
components because they are produced within the same plant but in two different areas.

Since this engine must meet very high-quality standards, the ePowertrain Plant Quality Team
decided to define a PPAP process for these components as well. The decision was taken in
response to two main needs: to improve communication between the departments of the two
production areas of the plant and to guarantee the conformity of the totality of the components
used within the electric motor.

An initial meeting was therefore organized on 02 November 2022, which was attended by

representatives of the Plant Quality, Manufacturing Engineering, and Product Engineering teams
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and the heads of the operating unit of both production areas of the plant, as well as the Launch
Management team, with the task of coordinating communication between the departments.

The objective of the meeting was to verify the conformity of the production process of gears and
gearbox shafts by analyzing all points of the PPAP commonly used to evaluate external suppliers.
An Excel file, shown in figure 20, was created to indicate concisely and effectively for each PPAP
point whether it could be considered complete, still in process, not satisfied, or not applicable.
When moving from a PPAP process towards external suppliers to a PPAP process for making
products, the points relating to communication between supplier and customer, for example, loose

their meaning and are considered not applicable.

Department PPAP ACTIVITIES RISK
ASSESSMENT -
REQUEST LIST Responsable
Documentations oK el Ha
aming

1 |ENGINEERING DRAWING [d3ti di progettazione) PRODUCT ENGIN.

11 | Matematioal CAD # CAR X

1.2 | Drawings [sizes & tollerances)

1.3 | specifications, Table, Mormes b g

2 |ENG. CHANGE DOCUMENTS (doc.modifica prog.) PRODUCT ENGIN.

Intetim recovery work shest from the Last review project
21 : b3
do on

3 |ENGINEERING CLIENT APPROYAL PRODUCT ENGIN.

3.1 | supplier engineering approusl NA
3.2 | e-mail confirmed acceptance of the product NA
4 | DESIGN FMEA PRODUCT EMGIN.

4.1 | Project FMEA Documentation (O-FMEA) X

5 |PROCESS FLOW CHART MANUFACTURING ENG.

5.1 | Flow-chart [ME-level 3 document)
5.2 | Layout with main process indication X
5.3 | Machining Cycle ¥
5.4 | assembly Cycle NA
[ PROCESS FMEA MANUFACTURING ENG.

6.1 | Process FMEA Documentation (P-FIMEA] - AssiTest NA
6.2 | Process FMEA Documentation [F-FMEA) - Machining X

7 |CONTROL PLAN MANUFACTURING ENG.

Figure 20 — Excel file with PPAP points

Below the points of the PPAP described above, adapted to the case study considered, are reported.
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1.

Engineering Drawings

When the Launch Management team met to define and compile all the points of the Internal PPAP
Process for the Make components, they first interfaced with the Engineering Team. This corporate
function defines the engineering characteristics of Sportcar components that are manufactured in
the Gearbox Area of the FPT plant in Turin.

For each of the drawings of the components that have been taken into consideration, it has been
estimated that they correctly report the positions of the most important characteristics, those that
are defined as PQC-S which stands for Product Quality Characteristic of Safety. With this
acronym, we distinguish the components and product details that are to be monitored carefully
any deviation from the specifications defined in the system could lead to a total loss of
functionality of the component, abruptly and unannounced, with worrying impacts on user safety.
Within my thesis, I am forbidden to report the drawings of the components treated because they

are confidential documents, and they are not disclosed.

Engineering Change Documents

For the Make components of the Sportscar considered in the process, the Engineering Team made
changes that were not shown on the initial drawing but were necessary when the product had to
be manufactured on the production line. All changes that are made to the product are aimed at
cost reduction, product improvement, and process improvement.

Also in this case, unfortunately, I cannot report the drawings with the specifications of the changes

made to the components because of the secrecy of the documents under examination.

Engineering Client Approval

This precise point in the PPAP Process must be adapted when moving on to develop an Internal

PPAP process. In this case, internal communication between the supplier's engineering and the
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customer's engineering does not take place since they are the same corporate entity. In this case,
therefore, the point is considered not applicable and can be removed from the list of points to be

assessed.

Design FMEA

Once the designs of the manufactured gears have been defined and approved, the Engineering
Team must conduct an FMEA analysis to determine which components of the product may cause
a risk of damage to the final product if they do not guarantee their primary function.

Figure 21 depicts an extract from the DFMEA for one of the components realized in the Plant

Gearbox Area, the input crown.

FAILURE MECHAMISM ANALYSIS PREVENTION CONTROLS. 'DETECTION CONTROLS
FAILURE MECHANISM ANALYSIS

s reart .
OB Wb Cur ity Rests
A, FDMR_GE AR, DURABILITY [parfarmad it chis cyele

Berding 57> 15

oy has i b repesind Dime
i e divarorsd o rfrvs e
Ma distanee

Figure 21 — Design FMEA

In the example considered, one of the possible breakings of a tooth that the input crown could
suffer is evaluated. This damage could lead to the locking of the electric axle without warning,
which is rated with a Severity level of 10. However, with high acceptance criteria for durability
tests performed on components, the probability of this occurring is reduced and a value of 3 is
assigned to Occurrence. With durability and strength tests being performed on the components
regularly, the probability of the defect being found within a short time frame is very high and a
value of 2 is assigned to Detection.

An RPN level of 60 is considered a rather low intervention priority.
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5. Process Flow Chart

At this point in the process, the Launch Management team stops interfacing with the Change
Engineering team and starts interfacing with the Manufacturing Engineering area, the area of the
company that is responsible for designing and managing the manufacturing systems for a product.
Once the product has been defined in the drawing and has been approved, the Manufacturing
Engineering is responsible for implementing the production process that will produce the product.
The first element the Manufacturing Engineering team must define is the Process Flow Chart, to
outline all the operations the product must undergo to become the required finished product.
Figure 22 below shows an extract of the Process Flow Chart for the Input Shaft.

From the Process Flow chart shown, it is evident that the component under consideration first
undergoes operations outside the company, defined as Buy operations, which are highlighted by
the red frame, then arrives in the Gearbox Area of the plant as a semi-finished product and begins
to undergo a series of operations that give it added value. In particular, the operations are divided
into Pre Heat Treatment Operations, highlighted by the blue frame, Heat Treatment Operations,
highlighted by the brown frame, and Post Heat Treatment Operations, highlighted by the yellow
frame.

All operations are represented by a rhombus, while the squares represent the checks performed
on the semi-finished product between operations to determine whether it can continue in the
process or should be discarded.

At this point of the PPAP process, it was important to ensure that all the operations that the semi-
finished product goes through during the manufacturing process were reported and in the correct
order. For example, this process Flow Chart had to be changed by introducing the Quality Control
that is done on the semi-finished product as soon as they enter the Gearbox Area. It is a
fundamental operation that must be performed immediately after receiving the material to ensure
that the starting product has the necessary characteristics to produce a high-quality finished

product.
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Figure 22 -Process Flow Chart

Process FMEA

Once the production process has been schematized, it is possible to identify the most critical
aspects of the process to understand which problems it may encounter and begin to develop a plan
of intervention or prevention of the problem. To do this, the Manufacturing Engineering Team is
required to develop a PFMEA for each group of operations. In our case, for example, a PFMEA
has been developed for pre-heat treatment operations, one for those during heat treatment, and
one for all post-heat treatment operations. Figure 23 below shows an extract of the Process FMEA

of the Input shaft, related to the Chamfering operation that the semi-finished product undergoes

in the pre-heat treatment phase.
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Figure 23 — Process FMEA

As shown in the figure above, for the operation of interest, we analyze the defects caused by a
problem that may arise during the operation. In the case presented, for example, the product may
have an increased or decreased bevel after the Chamfering operation due to incorrect tool setup
or tool wear. These two possible events are not very likely (the Probability Parameter is set to
two) but are considered serious for the product's proper operation (the Gravity Parameter is set to
six). Thanks to the regular checks in the metrology room, the probability of finding the defect is
quite high, and the Detectability parameter has an assigned value of three. As a result, a corrective
plan must be developed to ensure that the chamfering operation does not result in a reduced or
increased bevel: For example, it may be decided to inspect in the metrological room all pieces
processed as a result of any operation performed on the machining tool.

This type of analysis is done for all the operations of the Flow Chart to ensure and demonstrate

that the process is under control.

Control Plan

Point number 7 of the Internal PPAP Process is still the responsibility of the Manufacturing
Engineering team that has the task of defining the Control Plan for each operation that the

products must undergo.
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The team must carry out a critical analysis of the process to understand how to control all the
characteristics of the product and what tools it needs to carry out that control.

This is a document that is attached to the machine and is consulted when specific controls are
required.

The main information contained in this document, as shown in Figure 24, is the characteristics
that must be checked, with reference to the allowances to be referenced, and the method by which
these characteristics must be checked: the necessary instrument, the frequency of control of the
reference samples, and the procedure to be used. Furthermore, the Control Plan displays a reaction

plan if one of the detected characteristics exceeds the tolerance limits.
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Figure 24 — Control Plan

During the meeting held to define the Internal PPAP process, it was decided to make a change to
the Control Plans: after a non-conformity was detected during the assembly phase of a component
inside the electric motor, it was decided to integrate a check. The previous control plans provided
for a frequency of control of the components every fifteen pieces of production, without
considering that if the production batch was not multiple of fifteen the last part remained
uncovered. It was therefore decided to integrate into the Control Plan also the control of the last

piece of each production batch, regardless of the quantity of the lot, to ensure control over the
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entire production lot. In addition, the first and last pieces are always checked in the metrology

room to deliberate the lot at the next stage.

Measure Instrument

This is the point of the PPAP Process where all the analyses to verify the Repeatability and
Reproducibility of the Measuring Machines that are used on the production line are carried out.
As mentioned above, this point will be deepened in the next chapter, because it is the step in

which I participated most significantly.

Dimensional Report

Dimensional reports are the responsibility of Plant Quality, which must provide the customer with
evidence of the conformity of manufactured products. To do this, it must organize a series of
measurements on the parts that will be used to assemble the final product. When the components
are purchased from external suppliers, all the individual parts are measured in the Metrology
Room and Plant Quality takes responsibility for ensuring that the product is ready to be used in
the assembly phase. The same is done for all components that are manufactured in-house, with
the difference that it is the Metrology Room that, after taking measurements, approves the
evaluated products, giving evidence that the products analyzed are compliant and can be used for
the assembly of the final product.

The Metrology Room of the FPT Turin plant is equipped with Measuring Machines that allow it
to make extremely precise evaluations, with a resolution of a tenth of a micron.

In figure 25 below we report an example of the evaluation that is made on the Quota Rollers of
the input Shaft realized in the Gearbox Area of the production Plant and then assembled inside of

the motor of the Sportcar.
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Figure 25 — Example of the Evaluation of the Metrology Room

10. Material & Engine Test

The gears that are manufactured within the Plant Gearbox Area must comply with the dimensional
requirements, detected in the metrology room, and described in the previous point, as well as the
chemical, physical, and performance characteristics. The Engineering team must perform a series
of tests on the gears to verify compliance from a physical and functional point of view. The
components are tested to check their behavior in certain chemical reactions, as well as their
resistance to high temperatures or load stress (durability test). An example of a chemical test to
which gears are subjected involves the use of the Quantometer, a direct-reading spectro-analyzer
apparatus, for the identification and rapid quantitative determination of elements in a metal alloy

sample.
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11. Initial Process Study

Once it has been verified that the machines used in the production process can produce products
that comply with the characteristics specified by the customer and that positively pass the material
and performance tests, it must be ensured that they can guarantee this performance over time.

To do this, the Manufacturing Engineering Team must organize and evaluate the capacity studies
of the production machines used in the process.

To do the study on the capacity of a productive machine the Manufacturing Engineering team has
to follow a very specific procedure.

The person in charge of carrying out the study must make sure that the machine is in the right
condition to work, and that it has the approval to produce for that particular operation. For
example, for the grinding machine, which has the task of performing chip removal via an abrasive
wheel on the workpiece that has just finished the heat treatment operations, it must be ascertained
that the oil it uses has reached the correct temperature to be able to work the pieces ensuring the
correct tolerances. In addition, before starting the production, it must be ensured that the starting
tolerances are in the center of the tolerance, to avoid the Cmk being moved due to a centering
error.

Once these conditions are established, the workstation can start production. It is important that
the first 30 pieces that are processed are enumerated and all the special events that have occurred
during the analysis that may determine a variation in the results that may affect the study (such as
a tool change or a shift change) are registered. The numbered pieces are then taken to the
metrology room to be measured and the results are reported in the Q-DAS software that returns
the value of Cm and Cmk according to the formulas shown before and a series of parameters
required (Date of manufacture of the machine, type of characteristic analyzed).

Figure 26 shows an example of the output that is returned by the Software Q-DAS for the

Capability Analysis of the grinding machine used in the Plant for Shaft input grinding.
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Figure 26 — O-DAS output

12. Laboratory Documents

13.

The Plant Quality team should provide all documents relating to external laboratories in which
measurements were made on manufactured products. In the case analyzed, however, all
components are measured within the Metrology Room inside the Plant, which is equipped with
measurement instruments with very high precision, and therefore the Point is considered not

applicable to the case analyzed because no external laboratories were used.

Appearance Approval Report (AAR)

In the case considered, all gears produced in the Gearbox Area have no aesthetic requirements to
comply with since they do not undergo any painting operations.

This point of the PPAP is therefore considered not applicable.
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14.

15.

16.

Sample Production Parts

When the production of the gears for the Sportcar was started within the Gearbox Area of the
production Plant, the first production batch was delivered to the Plant Quality of the ePowertrain
plant. Five pieces were selected from this production batch and analyzed in the Metrological

Room to verify that they met the requirements agreed upon with the customer.

Master Sample

This point of the Internal PPAP Process is the only process step that was considered On Going
during the meeting since it was decided to plan the activity in the first weeks of April. The activity
to be carried out requires the Plant Quality Team to organize a Process Audit within the Plant's
Gearbox Area to follow from start to finish the entire production process of gear, used as a sample.
The aim is to follow the entire production process closely to check that all the conditions required
by the customer are met, and to keep track of any anomalies found to then define an action plan

to restore the conditions defined in the agreements.

Control Tools for specific components

In this step of the process, the Launch Manager simply made sure that the Manufacturing
Engineering team had a document in which all the specific tools that are used to make control
measurements are reported.

Figure 27 shows an extract from the list of attributes and variable gauges that are used in the

production process to verify the value of the internal diameter of the gears made.
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Figure 27 — List of attributes and variables gauges

This list is very useful to know immediately which gears the considered gauge must measure,
what is its design, and whether all the gauges used have been certified and have passed the
repeatability and reproducibility tests and when this test has been carried out. The standard that
is applied within the facility provides that all measuring instruments used are checked once a year

as a preventive maintenance operation.

. Accordance With Customer Requirements

Exactly like the third point of the process, previously described, it is an internal communication
between the Plant Quality departments within the same Production Plant. As a result, this point is

considered Not Applicable because evidence of internal communication is not required.
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18. Part Submission Warrant

This is the final point of the process, the document that summarizes all the points previously listed
with reports if it is a completed point or if during the analysis complications have emerged that
have yet to be resolved. At the end of the document are reported the signatures of the Product
Engineering, the Supplier Quality Engineering, and the Plant Quality of the ePowertrain as
evidence of the participation of all departments in the overall verification of the process.

Figure 28 below shows the PSW template used by the company to assess the PPAP status of the

component analyzed.
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Figure 28 — PSW Template
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4. MSA — Measurement System Analysis

The objective of the following chapter is to delve into the eighth point of the PPAP Process, which
concerns the analysis of the measurement capability of all measuring instruments that are located
on the production line. These instruments are used by the operators to verify during the production
process that the manufactured parts have conforming characteristics and respect the tolerances

that have been determined in the drawing phase.

First of all, it is important to specify that there are two types of measuring instruments that are
used and that need to be distinguished as they follow two different processes in the study of

measurement capability:

1. Gauges: handheld instruments that enable linear measurements to be taken and reported

with an accuracy of one-twentieth of a millimeter. These measuring instruments can be
influenced by the operator using them.

2. Automated measuring machines: devices used to measure a characteristic of
physical objects with probes to detect discrete points on the surface of the object. These
measuring instruments are not influenced by the operator because the workpieces to be
measured enter the measuring station directly transported by the conveyor belts of the

production process.

The two types of measuring instruments will be evaluated separately.
4.1 Gauges

Gauges are in turn divided into Attributes Gauges and Variables Gauges. As defined by the
FPL.QEMS standard, Variable Gauges are those that can provide a quantitative value for the

characteristic being inspected. This value can be compared with the tolerances defined in the
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design phase, allowing the operator to assess whether the characteristic being inspected complies

with the imposed specifications./23]

Figure 29 below shows an example of a variable gauge.

Figure 29 — Example of a variable gauge

On the other hand, attribute gauges do not return a numerical value of the characteristic but simply
compare characteristics with specific sets of limits and accept them if they are met. A gauge of
this type is only able to verify whether a part is good or not but cannot quantify how far the
characteristic of the part deviates from the predetermined characteristic. Examples of Attribute
Gauges are pass/fail gauges, fork gauges, and functional gauges.

Figure 30 below shows a photo of a pass/fail attribute gauge.

Figure 30 — Pass/Fail attribute gauge

61



Measuring capability studies for attribute gauges do not involve any numerical results. In the case
of attribute gauges pass/fail, the only thing that is done is to pass the gauge fifty times through

the gear bore to check that all the time the gauge passes or fails.

On the other hand, variable gauges are subjected to two capacity studies, Type 1 Study and Type

2 Study described below.

4.1.1 Type 1 Study

The Type-1 Study is used to determine the repeatability, accuracy, and short-term stability of the
gauge for variables. This study investigates the inherent variation behavior of the measurement
system. The behavior of the measuring system in a Type-1 Study is determined by asking an
operator to measure 50 times or a part with a known value or an appropriate master. The gauge
must be calibrated before starting the study and cannot be adjusted during the study. To eliminate
the influence of measurement variation on static checks on the same workpiece, the workpieces
are marked to ensure that the same point is measured each time.

Repeatability is assessed using the Gauge Potential Index Cg defined as:

02xT
9 60

Where o is the standard deviation of the fifty measurements and T is the tolerance of the
characteristic measured defined in the design phase. The higher the deviation standard, the lower

the value of Cg because it means that the instrument is not able to take repetitive measurements.

The combination of Repeatability and Accuracy is evaluated using the Cgk gauge capability index

which is defined as:
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Where X, is the average value of the fifty measurements and x,, is the real value of the
characteristic.

In this case, the Cgk result is influenced both by the standard deviation of the measurements and
by the difference between the average of the measured values and the actual value calculated in
the metrology room, which is given in absolute value.

For the Cg and Cgk values of a variable gauge to be considered acceptable, both of them must

have a value greater than 1.33. /23]

4.1.2 Type 2 Study

The R&R study determines EV (repeatability) and AV (reproducibility) and combines them into
an R&R parameter, in cases where there might be an operator influence. Combined with the Type-
1 study, it makes it possible to determine whether the measurement system is appropriate,
marginally appropriate, or unacceptable. To conduct the study there must be a minimum of two
operators (k) and two trials (r) and five pieces (n). After selecting the number of operators, it is
necessary to select the number of trials so that the product of
k *r *nis>30.

The pieces must be numbered for the study and to eliminate the influence of measurement
variation in static checks on the same part, the parts must be marked to ensure that the same point
is measured each time.

The gauge must be calibrated before starting the study and the operator carrying out the

measurements should be aware of the individual results of the other operators.
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To analyze the measurements taken, the ANOVA method is used because it can represent
separately the components of the variation: repeatability, reproducibility, %R&R, piece-operator
interaction, and piece variation.

According to the ANOVA method, the R&R value is calculated as:
R&R = EV? + AV?
EV is the "within operator" variation: it measures the variation one operator has when measuring

the same part and the same characteristic using the same gauge more than one time.

To calculate this value the following formula is used:
EV =K, xR
K. is a constant that depends on the number of trials and R is the average value of the difference

between the lowest and the highest value that each operator detected on each piece.

AV is the "between operators" variation: it is the variation in the average of the measurements

made by the different operators when measuring the same characteristic on the same part.

AV = |(x X K,)? EVZ
= |\ XpiFrr 2 nr

XpjrF is calculated by making the difference between the mean value of the average of the

measurements made by each operator on each piece while K, is a constant that depends on the

number of operators. /25]

Regarding the acceptance criteria, two cases are distinguished. If the analyzed gauge is new, the
percentage R&R value must be less than 20% of the tolerance of the measured characteristic
(%R&R <20% T).

While, if the analyzed gauge is already used, the percentage R&R value must be less than 30% of

the tolerance of the measured characteristic. (%R&R <30% T).
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As defined in the company domain standard S.Q.5.1.1, gauges used for operational controls
undergo these Type 1 and Type 2 analyses annually. The frequency with which gauges are

rechecked depends on the conditions of use, stability, and duration of use./24/

4.1.3 Case Study Analyzed

All the variable gauges used along the production line in the gearbox area of the plant are dial
gauges that are used to measure the internal diameter of the gears made. A dial gauge does not
provide a measurement of the internal diameter of the gear but detects how much it deviates from
a known diameter, the internal diameter of its respective Master Disc. It is a disc that has a known
internal diameter value that is used to reset the gauge that will be placed within the diameter of
the piece to be certified to verify how much this differs from the value that has been stored as
Zero.

To be able to consider the value of the internal diameter of the master disk known and reliable,
the supplier supplying the comparator gauge and the respective gauge must also deliver all the
certifications related to the master that report the results of the measurements of the internal
diameter that are carried out with measuring machines with an accuracy that reaches a tenth of a
micron.

Once the caliber and the respective master have been purchased, the master must be internally
recertified each year to verify that it has not undergone any changes due to wear or oxidation.
Figure 31 and Figure 32 show an example of a master disc and the respective certifications

provided by the supplier.
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Figure 31 — Example of a Master Disc

As an example of the capacity studies that are carried out on the variability gauges, the dial gauge

that measures the internal diameter of the secondary shaft gear is considered.

Figure 33 shows the gauge used for these capacity studies:

Figure 33 — Dial Gauge tested.
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4.1.3.1 Type 1 Study

To conduct the linearity study of the measurements carried out by the comparator gauge
presented, a production gear was first selected to carry out the measurements. This piece was
taken to the Metrology Room where an operator took ten measurements of the gear diameter with
the help of a micrometer. The operator must draw on the gear and the gauge a small sign that
serves as a line of faith with respect to which he must reposition each time he makes a new
measurement. Therefore, the average of the ten measurements taken was calculated and it was
considered the real reference value for the calculation of the instrument’s Cgk.

Subsequently, an operator on the production line took fifty measurements on the certified part by
placing the gauge along the faith line previously traced by the metrology operator and resetting
the instruments only at the beginning of the fifty measurements.

This foresight of the line of faith serves to ensure that there are the same measuring conditions
both on the production line and in the metrological room so that the value that is considered real
can be considered significant for the analysis.

The collected data are then uploaded into the Q-DAS Qs-STAT software, a software package
used internally by the company to statistically evaluate quality information related to production.
The data that the software requires in input are the values of the internal diameter of the piece to
be certified and the respective tolerances that have been designated for that characteristic during
the drawing phase. Besides, the software requires the value detected in the metrology room with
the micrometer, the fifty measurements on the certified piece, and the resolution of the measuring
instrument.

Knowing how far the value of the workpiece diameter deviates from the Master value, the
measurements are reported as linear and not as compared measurements.

Thanks to this data, the software automatically calculates the Cg and Cgk of the measuring
instrument analyzed according to the formulas presented above and returns a screen like the one

presented below in Figure 34.
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Figure 34 — Q-DAS report for Type 1 Test

As can be seen from the Q-DAS screen presented, the calculation of the Cg and the Cgk of the
comparator gauge analyzed showed two acceptable values.

It can therefore be concluded that measurements taken by the gauge are repetitive: they deviate
very little from each other (the value of the standard deviation is reduced) and reliable: the value
it detects corresponds to that carried out in the metrological room with more precise measuring

instruments.

All Type 1 studies carried out on the other dial gauges on the production line also gave positive

Cg and Cgk values.
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4.1.3.2 Type 2 Study

Since the Type 1 Study ended with positive results, it was possible to continue the analysis of the
dial gauge with the Type 2 Study.

To test the repeatability and reproducibility of the measurements carried out by the instrument,
five production gears were selected and brought along the production line where the study took
place and two workers on the line took the measurements. Each piece was measured three times.
In this way, the total number of values obtained at the end of the operation was thirty, the
minimum number required by the FPL.QMES.

Before starting the study, each gear was numbered from one to five to determine a measurement
order. The first operator was therefore required to reset the gauge and make a first measurement
on each piece by drawing a small mark on the gauge and on the gear to ensure that every time the
measurements are taken at the same point. Once this first round of measurements was completed,
the second operator was required to reset the instrument and perform a measurement on each
piece by placing the instrument considering the line of faith previously drawn.

This operation was performed three times in total.

Also in this case, the collected data has been uploaded in the Q-DAS software that automatically
calculates the R&R value according to the formulas described before and returns a screen like the
one presented below in Figure 35.

The software distinguishes the two operators with the letters A and B, shows in column” n” the
five pieces used for the study, and with X1, X2, and X3 the three rounds of measurements made by
the operators.

The graphs that appear in the screenshot below are used to give a visual image of the trend of the
values measured by each of the two operators, considered separately. Each row in the graph refers
to one of the rounds of measurements made by that operator and a line is added representing the
average value of the three measurements for each piece measured. The more the two average

value lines of the two operators show similar trends, the lower the value of the R&R.
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Figure 35 — Q-DAS report for Type 2 Test

It is a new comparator gauge, so a %R&R value lower than 20% tolerance is required.
Since the reported R&R value is 18,96%, it can be concluded that the instrument takes reliable

and repetitive measurements without being influenced by the operator using the instrument.

All Type 2 studies carried out on the other dial gauges on the production line also gave positive

R&R values.
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4.2 Automated Measuring Machines

Measuring machines are mechanical devices designed to measure the dimensions of an object,
referred to as a 'target' with methods and units of measurement appropriate to what they are
measuring.

Since these are automatic measuring machines, there is no operator influence, and the capability
studies on the machine are performed through Type 1 and Type 3 tests.

For the Type 1 Study, the principle adopted is the same as the one presented for the variable
gauges. There are only two main differences: one is that is necessary to create a more sophisticated
program in the Metrology Room to recreate the same measurement conditions of the measuring
machine to obtain the real value necessary to calculate the Cgk value. The second is that to take

the fifty measurements no operator intervention is required.

4.2.1 Type 3 Study

The Type-3 study is conducted to analyze the Repeatability and Linearity of the automated
measuring machine where there is no influence of the operator. The Type-3 test is very similar to
the Type-2 test and combined with the Type-1 study, it makes it possible to determine whether
the measuring system is appropriate, limitedly appropriate, or unacceptable. In a Type-3 study,
multiple measuring tests are carried out on numbered pieces corresponding to the appropriate
stage of processing. To conduct the study there must be a minimum of five trials (r) and five
pieces (n). After selecting the number of pieces, it is necessary to select the number of trials so
that the product of
r*nis>50.

The pieces must be numbered for the study and to eliminate the influence of measurement
variation in static checks on the same part, the parts must be marked to ensure that the same point

is measured each time.
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Also in this case, a value of R&R is calculated but since there is no operator influence, the value
of AV is set equal to zero and thus the value of R&R corresponds to that of EV and is calculated

as

R&R =EV =K; xR
In this case, R is the average value of the difference between the lowest and the highest value

that is detected on each piece.

The acceptance criteria are the same as for Type-2 Studies. /23]

4.2.2 Case Study Analyzed

As an example of Measurement System Analysis carried out on the Automatic Measuring
Machines of the production line, the study carried out on the Measuring Machine OP110 located
on the production line is presented. This measuring station is used to measure the internal height
of the gears made. This check is done because, at the end of the machining process, each gear is
connected to a data matrix that shows the value of its height, necessary during the assembly phase
to determine the thickness of the calibrated preload.

This measuring machine receives the gear to be measured that is transported by a conveyor belt
along the production line and is equipped with three probes that make three measurements in three
points 120 degrees away from each other and returns the average of the three measurements.

To make an analysis as accurate as possible, it was decided to conduct a capacity study for each
of the three probes separately so that, if a value of Cg or Cgk results unacceptable, it is more
immediate to trace which of the three probes is the problematic one.

First of all, a production gear was selected and placed inside the measuring machine to make
small marks at the three points where the machine takes measurements. The workpiece was then
taken to the metrology room where a specific measurement program is used on a highly

specialized measuring machine that takes three measures exactly in the marked points with a tenth
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of a micron accuracy. The results thus obtained are used as real values to calculate the Cgk of the
measuring machine. Subsequently, the workpiece was carried back inside the measuring machine
along the production line and, thanks to a repeatability program already uploaded in the machine,
fifty measurements were made in series.

The collected data are then uploaded on Q-DAS to carry out the Type 1 study. Also in this case,
for each probe, it is required to enter the height defined in the drawing and the respective
tolerance, the actual value measured in the metrological room, and the fifty measurements taken
in the production line.

After the first attempt, the results elaborated by the software are presented in ANNEX 1.

The report shows that all three sensors of the measuring machine have a positive Cg value but
only probe 2 has a positive Cgk value. This means that all three probes make repetitive
measurements, which are slightly different from each other, but Probes 1 and 3, unfortunately,
detect measurements that deviate too much from the value that has been measured in the
metrology room.

To find the root cause of this problem it was decided to use the Ishikawa diagram method, also

called 4 M analysis, presented in Chapter 2:

Man: It is an automatic machine that therefore does not foresee the influence of the operator.

The part reaches the measuring machine automatically, transported by the conveyor belt of the
production line. Thanks to the sensors present in the measuring machine, it detects if the position
of the gear is correct and gives an alarm sound signal if this is not.

As a result, the hypothesis that the cause of a failed Type 1 study is manpower, has been

discarded.

Material: As for the material characteristics of the measured gear, it was decided to inspect

the possible presence of impurities on the surface of the certified piece. Dirt particles could be
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accumulated in the passage from the metrology room to the measuring machine since the
workpiece is handled with work gloves that very often are dirty. The piece was then cleaned
and retested within the measuring machine, but the results obtained were the same. As a result,
the hypothesis that the cause of a failed Type 1 study could be related to the piece certificated,

has been discarded.

Machine: The mechanical measurement condition of the machine was analyzed by the
Manufacturing Engineering Team and the Maintenance Team of the production line. The first
hypothesis that has been made is that the measuring plate had an excessively high speed of
descent and that therefore the probes could not make precise measurements because of the
micro-bumps on the surface of the gear. The speed of descent of the plate was therefore
decreased but this did not bring any benefit in terms of Cg and Cgk.

Further analyzing the measuring station, and considering each probe separately, it was noted
that the first probe was slightly higher than the others and had a small chipping in the point of
contact with the gear.

Therefore, the maintenance team replaced the probe with a new one, and fifty measurements
were taken again, obtaining the results presented in ANNEX 2.

The corrective action led to an improvement in the value of the Cgk of the first probe that passed
from 18,09 to 0,04 but it was still not sufficient to consider the Type 1 test passed.

It was therefore decided to continue the analysis considering also the methods applied.

Methods: In the analysis of the methods used, the focus was on the fact that both Probe 1 and

Probe 3 detected higher heights than those detected in the metrology room. It was therefore
decided to carry out an analysis on the temperature algorithm set in the measuring machine that

calculates the dimensional variation at the level of microns that the certified part can undergo

74



by passing from the metrology room to the production line. In the metrology room, the
temperature is higher than the one registered on the production line.
Figure 36 shows the screen that the measuring machine on the production line presents, with the

temperature of the measured part and the one set in the machine.
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Figure 36 - Temperature control screen set on the measuring machine

The temperature algorithm set in the measurement station is given by the equation:

AL = a X L X AT

Where a is a constant with a known value that depends on the material of the piece to be measured.
(In the case considered a = 0,000012); L is the value of the characteristic that must be measured
and defined during the design phase; AT is the difference between the temperature of the
Metrology Room that is considered as a known value and imposed equal to 22,5 °C and the one
that is detected on the piece to be measured thanks to the thermometer that is used on the
production line. The only parameter of the equation that could be analyzed was the temperature
difference. It was immediately noticed that the temperature recorded in the metrological room

was 22 °C, differently from 22, 5 °C previously recorded.

75



Changing this parameter within the algorithm and making the measurements again, the obtained
values were equal to the previous, but five microns minored.

The results of the test carried out in the last fifty measurements are given in Annex 3.

With this analysis, the Cg and Cgk values of the first probe became sufficient (Cg = 2,42, Cgk =
2,06), while the Cgk value of the second probe decreased drastically (from 2,53 to -0,16),
becoming unacceptable.

Besides, the value of the Cgk of the third probe does not yet reach an acceptable value.

Continuing the analysis of the methods analyzed, it was decided to interact with the operational
team of the Metrology Room to analyze the measurement program used. The employee was
therefore asked to start the program to measure the previously certified part. Observing the
procedure used by the measurement program adopted in the metrology room, it quickly emerged
that the program correctly measured the height of the gear in the points marked but it recorded
them with a different orientation. More precisely, while on the measuring machine of the
production line, the three sensors are recorded counterclockwise, the measuring program in the
metrology room stores the number of sensors clockwise. Thus, the value detected by the second
probe in the automated measuring machine corresponds to the point measured by the third probe

of the measurement program and vice versa.

Inverting the two actual values in the software Q-DAS, all the Cg and Cgk of the three probes

became acceptable. The result of this final test is reported in ANNEX 4.

Type 3 Study

After the positive result of the Type 1 test, the Type 3 Test could be carried out.
Five production gears were selected and numbered from one to five. One at a time these gears
were inserted into the measuring machine and measured, and this operation was repeated ten times

for each gear. In the first round of measurements, a small mark was drawn at the points touched
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by the probes to ensure that all the measurements were taken at the same point. All data was then

uploaded to the Q-DAS software, which returned the report presented in ANNEX 5.
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Conclusions

To conclude the thesis work conducted, the points of the PPAP previously described in Chapter
3 that resulted in the greatest benefits in terms of cost and time savings as well as improvement

in product quality are analyzed below.

1. Engineering Drawings:
For all gears and input and output shaft drawings produced in the gearbox area of the plant, a
centralized system was created to collect them, allowing the Product Engineering, Plant Quality,
and Production Engineering teams of the two areas of the plant to quickly consult them.
Figure 37 shows a screen of the Centralized System Home Page where the user is asked to enter
the Part Number of the design he wants to know and the screen that appears once the Part Number

has been entered.

Figure 37 - Centralized System Home Page

The system is maintained by the Product Engineering team, which takes care of all necessary

drawing updates.
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This centralized system allows a significant reduction in the time needed to consult drawings of
parts in production with respect to the previously used storage system, which involved a paper
archive far away from the production area. Consultation time has been significantly reduced from
an average of thirty minutes to a maximum of ten minutes. This measure also brings it into line
with the WCM regulations currently used by the company, which stipulate that in the event of
problems on the production line, the time required to consult the drawings is around five to ten
minutes.

Figure 38 below shows a graph of the reduction in consultation time required by switching to the

Centralized System.
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Figure 38 - Consultation time reduction graph

2. Engineering Change Documents

During the meetings held to define the Internal PPAP process, it was decided to track all changes
made to the initial drawings of manufactured products in another system, also computerized and
centralized, which keeps track of the evolutionary steps of the components, called Engineering

Suite in which the CRFs are managed.

Figure 39 below shows a screen of the Engineering Suite Home Page.

79



Microsoft 365

E-Driveline

ol Home

Figure 39 — Engineering Suite Home Page

The acronym CRF stands for Change Request Form and is the procedure used to track all changes
that have been made to component drawings. In this way, it is possible to track the approval status
of changes that must be evaluated by the various departments before final approval.

Figure 40 below shows the CRF workflow:
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Figure 40 — CRF workflow
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Also in this case, the benefits of implementing this Centralized Management System are related
to the significant reduction in consultation time, but in addition, the CRF system allows to keep
track of all the evolutionary steps of the product that impact the process, from its initial design to

the final design.

Figure 41 below shows a graph of the reduction in consultation time required by switching to the

Centralized System.
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Figure 41 - Consultation time reduction graph

4. DFMEA and PFMEA

Regarding the definition of the DFMEA and PFMEA, since it is the same logic that is applied
once to determine the critical components of the product and once to determine the critical
components of the process, during the meetings held to define the Internal PPAP process, it was
decided to carry out more collaborative work between the Product Engineering and Process

Engineering teams.
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Daily meetings were organized between the two teams of the two production areas with the
participation of the ETU managers, the production line technologists, and the Unit Manager,
aimed at producing two documents, DFMEA and PFMEA, that are more aligned.

Figure 39 below shows an excerpt of the Daily agenda needed to organize the work.

e
B % DFMEA-PFMEA
® WHERE?
Unit Meeting
@ WHO?
= Specialist
= Unit Manager

= ETU Managers
= Technologists
= PEEng.

Figure 42 — Core Team daily agenda

The major benefit derived from this collaboration is the presence of a product expert who can
contribute significantly defining the effects on the process that possible product defects can bring.
In this way, the expert's intervention allows for more targeted action plans, enabling a significant
reduction in the likelihood of downtime and the resulting costs.

Product quality is also affected by this collaboration because, through the cooperation with the
Process Engineering team, the Product expert can notice in advance the product features that
should be changed because they could lead to a negative impact on the process, thus anticipating
the work that the Quality team will have to perform later.

In addition, once these two documents were produced, they were uploaded to the centralized
management system, the Engineering Suite, which allowed a significant reduction in the

consultation time of the two documents from eighteen minutes to five minutes.
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Figure 43 below is a graph that represents the reduction in terms of consulting time derived from

the Implementation of the Engineering Suite.
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Figure 43 - Consultation time reduction graph

This collaboration was also planned because of the new IATF (International Automotive Task
Force) regulation that will be used in the company starting next year and which foresees merging
the DFMEA and PFMEA into a single document that will make it quicker to read and easier to
understand how a product defect may impact the process.

Figure 44 shows the template to be used to create the DFMEA and PFMEA according to the new

IATF standard.

DFMEAID | [ - | trom [date] to [date] | -—
DFMEA Team [mamel,liob titke], [team role]; [namel.[iob title], [team role]; [name).liob title], [team role]

Fotential | M "o
[ — — —— r—
fallure — SEV [ [oCC DET r o SEV |OCC |DET

[S— —_— — ppe—
mode e — = o ——

|

=
-]
=
=
-]
z

ole|lo|elo|a(o|ale|ole|s
(=1 (=20=1 [=2E=1 (=D E=D =2 =0 E=1 E=2 =]

Figure 44 — Template new DFMEA and PFMEA
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5. Process Flow Chart

The Gearbox Area is a plant that was built in the late 1990s. It is an outdated production facility
that is required to supply the gears and shafts needed to make the gearbox for a high-performance
electric motor, which is assembled in a new production line with a high level of technological
innovation.

During the Flow Chart analysis of the Gearbox Area's production process, it emerged that this is
not an ideal situation, as the new production plant remains locked to an outdated production line,
with significant limitations, especially considering the rework of parts that are considered as
scrap, and for which there is currently no possibility of re-work.

To overcome this problem, it was decided to evaluate a series of projects to re-layout the
production line together with the PTS (Plant Technical Support) team, to relocate some
workstations to facilitate the logistics flows and re-enter any scrap, creating re-entry bays for
components that can be re-worked. The main benefits resulting from the implementation of this
project are mainly cost and time savings. A cost analysis carried out by the PTS shows that this
project could lead to savings of approximately 23,900 €, considering the limitation of superfluous
material flows and the savings in terms of waste produced. Besides, the re-entry of materials
considered waste also reduces production and procurement times.

This project has been included in the E Matrix, known as the Project Matrix, which presents a list
of projects that are planned for 2022 and 2023.

Figure 45 shows an extract from E Matrix E, in which the described re-layout project appears.

- PROJECTS - PILLAR AREA - MACHINE .| MATRICEE .| DATAINIZIO ,| DATAFINE
+| DOE: COLATURE DIVERNICE ac-fl VERNICIATURA sl 23/00/22 01/06/23
. MONTAGGIO SEMICONI
| PPA:SEMICONIOP 150 Qc-Fl VALVOLE NEF OP.150 sl 151022 03/07/23
: | PPAREGISTRAZIONE PUNTERE Qc-Fl MONTAGGIO NEF OF.350 sl 24110122 271M2/22
) LAVORAZIONE
4| PPA: CANALE OLIO ac-fi BASAMENT! OP.30 sl 0312122 01/06/23
RE-LAYOUT POSTAZIONE LAVORAZIONE INGRANAGGI PER - LAVORAZIONE .
* | RE-NGRESSO COMPONENTI EEl INGRANAGGI oFz10 sl 1512/22 3008123

Figure 45 — E Matrix Extract
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Besides, looking at the logistical flows required to transport materials from one production plant
to another, a significant issue emerged especially in terms of cost: the lack of a Packing Card.
This is a necessary document to define standards for the internal handling of parts in order to
ensure that during transport the gears do not touch each other, in order to avoid irreversible
damage, especially to the teeth.

Currently, the parts are loaded all together inside the bins without a standard and this is the cause
of a high scrap value.

Therefore, I am currently working with the logistics team to implement robust Polyurethane
structures that will allow separation of the transported parts.

Figure 46 below shows an example of the polyurethane structure used:

Figure 46 -Polyurethane Structure

The expected number of pieces for each container depends on the type of component being

handled and is a multiple of the expected production batch for that gear.

7. Control Plan

During the Internal PPAP process, the need to implement a compliance check on the first and last
production component of a production batch emerged. This control replaced the previous one set

for every fifteenth piece of production, independently from the number of pieces of the production
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lot, which resulted inefficient after a non-conformity was detected on gear during its assembly

phase inside the electric motor.

Thanks to this more targeted and effective control, the possibility of wrongly accepting products
that should have been considered waste and that would have caused problems in the assembly
phase was eliminated, resulting in a significant improvement in the quality control of the products

manufactured.

8 - 9. MSA and Dimensional Report

During the meetings that took place to define the Internal PPAP process and thanks to the activity
of the measuring capabilities analysis for the automated measuring machines, it emerged that
there was a need to improve the communication between the team that carries out measurements
in the Metrology Room and the team that carries out measurements on the production line (the
operators doing in-process checks). In many cases, there was no correlation between the
measurement conditions of the measuring machine in the metrology room and the measuring
machine on the production line.

An example of this discrepancy was the difficulty I encountered in carrying out capability studies
on measuring machines due to the complexity of recreating in the metrology room the same
measurement conditions that are carried out on the production line. The mismatch between the
numbering of the touch probes in the metrology room and those on the measuring machine that
has emerged from analyzing the problem using the Ishikawa method is evidence of this lack of
collaboration.

My analysis has made a significant contribution to improving communication between the two
teams, which has also highlighted the other issue that has been found: a significant difference
between the temperature at which measurements are taken in the metrology room, which is higher,

and the temperature recorded on the production line, which is lower. A temperature difference
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can lead to an expansion of the material passing from the production line to the metrology room,
which affects the measurement, resulting in a negative Cgk of the measuring machine on the
production line.

The benefits that derive from the corrective actions taken are mainly timesaving which
automatically translates into cost-saving. Due to a failed Type 1 Test, the measuring machine is
considered unreliable, and the totality of the gears before being measured in the automated
measuring machine was measured in the metrology room to ensure compliance.

The time required to detect the internal height of a gear through an altimeter is about one minute
per piece. Considering that in a working day, the number of pieces that are processed is about
100, it corresponds to 100 minutes lost per day. Considering a labor cost of about 47 €/hour, the
total daily cost of this operation is about 78,33 €.

Since the application of 4M’s analysis took about a month to succeed in completely solving the
problem, the total cost incurred by the company resulting from the use of an incapable measuring

machine was about:

78,33 € X 25 (Working days in a month) = 1958 €

Conducting this type of analysis at a stage when the product was still being launched, and thus at
a production stage that was not yet at full capacity, meaning that the costs incurred were lower
than they would be when daily production will be 300 pcs per day, estimated at approximately

5875 €.

The application of the internal PPAP process, in this case, has allowed both a reduction in costs,
saving approximately 3917 €, a reduction in time, and a significant improvement in the quality
control of the manufactured components by demonstrating the total reliability of the
measurements that are made on the parts and avoiding any possible erroneous rejection or

acceptance of the manufactured components.
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16. Control Tools for specific components

As mentioned in Chapter 3, having a list of all the tools that are used on the production line allows
the main Plant Team to check when the instruments that must be used have been certified through
the linearity and repeatability studies described in the previous chapter. In addition, during the
meetings to define the internal PPAP process, it was decided to upload all the information about
the measuring instruments in the Engineering Suite, the centralized system used by the company
mentioned before.

Also in this case, the implementation of a shared management system has allowed a significant
reduction in consultation costs, from fifteen minutes to five minutes.

Figure 47 below shows a graph of the reduction in consultation time required by switching to the

Centralized System.
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Figure 47 - Consultation time reduction graph

18. PSW

Using the formal document that is normally applied in the process of PPAP towards suppliers
makes it possible to have internal evidence of the conformity of the internal production process
and the participation of all production entities in the implemented process. In addition, concerning
the internal PPAP process, it was decided to collect in a single shared folder both the final PSW,
with all the analyzed points considered OK, and all the PSWs that have been produced in the

meantime and used to record all the progress that has been made for each point considered.
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Figure 48 shows the reports that have been made to keep track of the internal steps.

8 = 5
|

Figure 48 — PSW reports

This shared folder allows all collaborating Teams to more easily reconstruct all the steps that were
taken to arrive at the certification of conformity of the production process, fostering
communication between departments and reducing consultation time.

A reduction in consultation costs from about 10 to 5 minutes is estimated, as shown in the graph

below.
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Figure 49 - Consultation time reduction graph
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To summarize, the following table presents the more relevant benefits in terms of timesaving,

cost-saving, and quality improvements that each point of the PPAP analyzed has brought.

PPAP POINT T Q C
1. ENGINEERIG DRAWINGS X

2. ENG. CHANGE DOCUMENTS X

3. ENGINEERING CLIENT APPROVAL NA NA NA
4. DFMEA X X X
5. PROCESS FLOW CHART

6.PFMEA X

7.CONTROL PLAN X

8. MSA X X X
9.DIMENSIONAL REPORT X X X
10.MATERIAL & ENGINE TEST / / /
11. INITIAL PROCESS STUDY / / /
12. LABORATORY DOCUMENTS NA NA NA
13. AAR NA NA NA
14. SAMPLE PRODUCTION PART / / /
15. MASTER SAMPLE / / /
16. CONTROL TOOLS FOR SPECIFIC COMPONENTS X

17. ACCORDANCE WITH CUSTOMER REQUIREMENTS [ NA NA NA
18. PSW X

The table below shows that the application of the internal PPAP process to the gear components
has brought benefits, especially in terms of time reduction. This is the result of the meetings held
in which all the main departments of the two areas of the production plant have participated and
that has contributed in a meaningful way to the improvement of internal communication,
underling the necessity to create a Centralized information management systems to allow
everyone to have quick access to the relevant information. Moreover, the project of redefinition
of the internal material flows to the gearbox area and the increased collaboration in the definition
of the PFMEA that has been programmed for 2023 will determine a significant decrease in

production time, limiting as much as possible the possibility of downtime.
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Both projects will also have a significant impact on production costs by limiting, on the one hand,
the annual production waste and, on the other, the costs resulting from machine downtime, given

by the sum of the value of lost production and the hours spent by internal staff for repair.

Significative are also the benefits in terms of quality improvement obtained, especially
concerning the greater control of products during the production phase imposed and the capacity

studies carried out on measuring machines to ensure the reliability of the measurements taken.

The graph below (Figure 50) is useful to have a more immediate visual representation of the

impact of the application of the internal PPAP process according to the three variables considered.
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Figure 50 — Internal PPAP Process Impact

To conclude, the Internal PPAP process has proven highly effective in guaranteeing superior
product quality and optimizing production timelines and costs. Furthermore, its implementation
not only fosters the development of efficient new production processes but also enhances existing
ones, particularly through the resultant teamwork and collaboration between teams from different

production Plants.
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