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Summary

In order to maintain its profitability in a business environment that is becoming more competitive day
by day, the automotive industry has made it its primary goal to increase the efficiency of automatic
production lines, which have become the industry standard, and to reduce the amount of scrap and
line downtime, while remaining within the quality limits demanded by the customer. Companies are
always very anxious to examine the improvement potential of each station and each process step in
the production lines and carry out development studies on areas where the potential is seen. This
particular study provides practical applications of the process improvement of the wastegate actuator
assembly process following the DMAIC approach. During the flow of the DMAIC circle, several
different tools were used Pareto chart, control chart, Process Feasibility Analysis, and Design of
Experiment which allowed to define the problems, measure the effects of actual aspects, analyze in a
wider perspective to understand the potential solutions, to improve the focused process by applying
the solution option properly, and finally to control the improved process to understand if the solution
create an effect to key points. Suppression PCB failure was selected as a focus point of the study
since it was stated as the most popular failure during the control period of the assembly process.
DMAIC methodology was applied to reach the target improved key values, and based on the results,
the pressing tool was updated to decrease the suppression PCB failure by increasing the adaptiveness
of the tool to serve in optimum quality in the requested tolerance range by the customer. A new data
set was provided by the assembly line of Company “X” after updated tool implementation, and it was
proved the effective process improvement implementation at the assembly line of the wastegate
actuator was established. Finally, the targeted values were achieved as a result of the implementation
study.
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Santrauka

Siekdama iSlaikyti pelningumg kasdien vis konkurencingesnéje verslo aplinkoje, automobiliy
pramone¢ iSkelé savo pagrindinj tiksla padidinti pramonés standartu tapusiy automatiniy gamybos
linijy efektyvumg ir sumazinti gamybos apimtis. lauzo ir linijy prastovos, nevirSijant kliento
reikalaujamy kokybés riby. Imonés visada labai nori istirti kiekvienos stoties ir kiekvieno proceso
etapo gamybos linijose tobulinimo galimybes ir atlikti plétros tyrimus srityse, kuriose matomas
potencialas. Siame konkre¢iame tyrime pateikiami praktiniai atliekos voztuvo pavaros surinkimo
proceso tobulinimo taikymai pagal DMAIC metoda. DMAIC rato eigos metu buvo naudojami keli
skirtingi jrankiai Pareto diagrama, valdymo diagrama, proceso galimybiy analize ir eksperimento
planavimas, kurie leido apibrézti problemas, iSmatuoti faktiniy aspekty poveiki, analizuoti platesne
perspektyva, kad suprasty potencialg. sprendimus, pagerinti sutelkta procesg tinkamai taikant
sprendimo variantg ir galiausiai kontroliuoti patobulinta procesa, kad suprastuméte, ar sprendimas
sukuria poveikj svarbiausiems dalykams. Slopinimo PCB gedimas buvo pasirinktas kaip tyrimo
fokusavimo taSkas, nes jis buvo nurodytas kaip populiariausias gedimas surinkimo proceso kontrolés
laikotarpiu. Norint pasiekti tikslines patobulintas pagrindines vertes, buvo pritaikyta DMAIC
metodika, o remiantis rezultatais, presavimo jrankis buvo atnaujintas, siekiant sumazinti slopinimo
PCB gedima, padidinant jrankio prisitaikymg prie optimalios kokybés aptarnavimo kliento
pageidaujamame tolerancijos diapazone. Imonés ,,X* surinkimo linija po atnaujinto jrankio jdiegimo
pateiké nauja duomeny rinkinj ir jrodé¢, kad buvo nustatytas efektyvus proceso tobulinimo
jgyvendinimas iStekéjimo voztuvo pavaros surinkimo linijoje. Galiausiai, atlikus jgyvendinimo
tyrima, numatytos vertés buvo pasiektos.
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Introduction

The search for quality and efficiency in assembly processes is a never-ending project in the dynamic
world of car manufacturing. The goal of this master's thesis is to improve the assembly process of
wastewater actuators in the automotive industry. The main focus is on mitigating excessive scrap
rates, which go beyond simple statistics to have a substantial effect on overall operating efficiency
and final product quality. The critical need for improvements in the assembly of Wastegate Actuators,
which are essential parts that regulate turbocharger valves, highlights the significance of this research.
The accuracy and dependability of their assembly have a significant impact on the efficiency and
power output of engines as these components directly affect boost pressure and engine torque. Using
the DMAIC (Define, Measure, Analyze, Improve, and Control) strategy a Six Sigma technique is the
project's unique approach. This method, which is well acknowledged for its effectiveness, is the
foundation of a statistically based quality control system that provides a methodical framework for
breaking down and addressing complicated problems. The issue at hand is a high rate of scrap in the
WGA assembly process that prevents first-pass yield FPY goals from being achieved. One major
bottleneck that was harming the assembly line's overall performance was the suppression of PCB
pressing failures. The main goal is to use DMAIC to approach this challenge methodically,
guaranteeing a thorough grasp of the issue and putting focused solutions into practice for long-lasting
gains. Beyond only theoretical understanding, this research is expected to have practical applications.
The study seeks to lower scrap rates, boost assembly line productivity, and provide useful suggestions
for comparable problems in assembly production by effectively resolving the suppressed PCB
pressing failure. The results of this study have the potential to significantly impact the automotive
sector's continuous pursuit of enhancing quality, optimizing operational effectiveness, and
maintaining economic viability. A thorough examination of the DMAIC approach and how it is used
to address the unique problems with the WGA assembly process is provided in the next chapters. This
thesis aims to provide significant insights and concrete solutions that can drive improvements in
process optimization and quality control in the automotive industry via a systematic examination.
Aim: to propose a solution for the wastegate actuator assembly production process improvement and
scrap rate reduction by applying the DMAIC quality improvement approach.

To reach the aim the following must be solved:

1. to analyze the production process of the wastegate actuator assembly at company ‘X’;

2. to perform statistical scrap rate analysis of the wastegate actuator assembly process;

3. to propose scrap rate reduction solutions applying the DMAIC approach for the number-one scrap
cause identified by the statistical analysis;

4. to evaluate the possible financial gain of the proposed solution.

Hypothesis: Implementing the DMAIC quality improvement approach can reduce the scrap rate in
the wastegate actuator assembly production.
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1. Overview of The DMAIC Approach at the Automotive Production Process

The automobile industry faces a challenging economic environment that threatens its long-standing
status as a successful sector that consistently experiences year-over-year sales increases. The upward
trend of automobile sales volume, which had been rising consistently since 2015 but declined in 2018,
is noticeably deviated from, according to data from Statista. The Covid-19 epidemic has made matters
worse [1]. Besides this, failures are widely disapproved of in the automobile business because of the
substantial negative effects on reputation and the economy. As such, suppliers need to set up their
own procedures for evaluating component failures and taking proactive measures to fix them before
they affect the end user. A range of quality-related approaches are utilized in order to determine the
root causes of problems. One of the pillars of the automobile industry is the control of quality. From
the ideation of the product to its delivery to the final consumer, every stage is meticulously prepared
to avoid any possible setbacks. To guarantee quality in product creation, a thorough grasp of material
qualities and production procedures is necessary. However, new issues requiring effective solutions
are brought about by the interaction of material attributes with production processes. As an outcome,
effective management of scrap data is crucial for understanding the root causes of production
problems and figuring out when to take remedial action. By reducing scrap costs and optimizing
operations, this strategy seeks to promote a continuous improvement culture. In other words, the
industry is forced to adopt concepts such as lean methodologies in addition to techniques that reduce
production costs and improve the effectiveness of production systems by getting rid of inefficient
procedures [2]. Often, the DMAIC technique is used to achieve the goals specified in a strategic plan
for a company. DMAIC is a data-driven cycle of improvement that is applied to improve, optimize,
and stabilize business designs and processes. Six Sigma programs are mostly driven by this organized
framework, which emphasizes the discovery of underlying causes based on real data. Analysis of the
major issues facing the automotive sector that have a significant impact on final quality, such as
problem-solving, customer-specific requirements, quality management systems, product
development, inexperience, supplier management, change management, core tools, warranties, and
metrics, has identified key areas that need to be addressed. These include joint initiatives to start
changes, deliberate hiring and information sharing, the application of uniform standards, initiatives
to encourage organizational openness, and meticulous data analysis to identify the underlying causes
of issues. This all-encompassing strategy aims to improve and address organizational quality [3].

1.1. DMAIC Approach

In the manufacturing and process sectors, Six Sigma is an all-encompassing organizational strategy
that aims to achieve zero faults and minimize variances. Organizations are prompted by this program
to review their procedures, get rid of bottlenecks, and continuously provide excellent results. By
regularly reviewing and improving current business processes, the Six Sigma technique contributes
to increased operational effectiveness. Practitioners of Six Sigma techniques are skilled in assessing
corporate processes to pinpoint areas that may be improved. Six Sigma is used to reduce variance,
improve process performance, and guarantee a constant level of quality in the final product. As a
result, this methodology yields lower failure rates, more profitability, higher product quality, and
higher customer satisfaction [4].

The DMAIC methodology is a well-established and rigorously tested approach for enhancing
processes, commonly employed within the framework of Six Sigma initiatives. The abbreviation
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DMAIC stands for five interrelated phases: define, measure, analyze, improve, and control. Each
phase's simplified definitions in Figure 1 are as follows:

— Define by locating, ranking, and selecting the relevant project,

— Measure the performance, parameter scope, and critical process features.
— Conduct an analysis by determining key causes and process factors,

— Enhance by altering the procedure and raising performance,

— Maintain control by keeping the gain.

Tools: Tools:
Project Documentation Je! j 1 Project Charter

W p,_o ,
Yooy

Breakthrough in Breakthrough in
Sustainability Leadership
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Control Chart S0 SIPOC
Process Control Plan ¢ 2 —  Affinity Process
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o Effective Meetings
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Cultural Patterns b
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Solution Matrix ’o,,s Pareto Analysis
6S Data Collection Plan
Plugin Matrix Root Cause Process Mapping
Pay Off Matrix Value Stream Mapping
Rapid Improvement Event Plan Al Spaghetti Diagram
Pilot Plan Bar Chart, Pie Chart
Implementation Plan Tools: Value Analysis
Communication Plan Brainstorming Load Chart
Kanban Cause & Effect Diagram Sampling
Quick Changeover 5 Why Analysis Process Sigma
Impact Control Matrix Process Capability

Histogram, Box Plot
Scatter Diagram
Hypothesis Testing
FMEA

Fig. 1. DMAIC Cycle [5].

DMAIC is systematic and fact-based, with a rigid structure for results-oriented project management.
Even though the approach appears to be linear and clearly stated, it should be noted that the finest
DMAIC outputs are attained when the process is flexible, hence avoiding needless stages. Iterative
approaches may also be necessary, particularly if team members are inexperienced with the tools and
procedures. The DMAIC methodology takes a problem that has been identified by the company and
uses a set of tools and processes in a logical way to find a solution to the problem. The solutions
found will reduce or remove the problem resulting in a competitive advantage for the company. This
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structured problem-solving methodology aims to achieve refined procedures, reduced errors, and
elevated performance. Prominent organizations, such as the American Society for Quality and the
International Society of Six Sigma Professionals, assert that DMAIC provides a systematic and data-
driven strategy for addressing intricate challenges within an organization. Its ultimate goal is to drive
improvements and optimize the overall performance of processes, making it a highly regarded
strategy for operational excellence. In the "Define" phase, the project team sets project goals, provides
a comprehensive description of the problem, and identifies the requirements of stakeholders.
Transitioning to the "Measure" phase involves the collection of data regarding the current state of the
process, the establishment of performance metrics, and an assessment of process stability.
Subsequently, the team advances to the "Analyze" phase, employing statistical methods and tools to
uncover the root causes of problems and gain a deeper understanding of their impact on the process.
The "Improve" phase primarily focuses on implementing solutions and making necessary process
enhancements. According to sources such as the Institute of Industrial and Systems Engineers, this
phase often incorporates financial analysis to evaluate the potential benefits of the proposed changes.
During the "Control" phase, the project team develops a strategy to sustain the improvements,
monitors the process, and implements safeguards to prevent any potential regression. By employing
the DMAIC methodology and drawing upon credible sources, organizations can make informed
decisions, streamline their operations, and ultimately enhance their competitive edge while ensuring
customer satisfaction [6, 7].

1.2. Quality and Automeotive Sector

The automotive company operations are expanding simultaneously, as component innovation is
continuous, which indicates that production quality control needs to be increased throughout. Scrap
data management plays a critical role in focusing understanding of the main production issues and
enabling prompt action to improve procedures, reduce scrap expenses, and promote a continuous
improvement culture [3]. Particularly in the area of quality, the automobile industry has been essential
to the advancement of humankind. It was one of the first industries to realize that improving one's
performance alone would not be enough to establish and maintain competitive market positions. A
company that wants to stand out must compete with peers on an equal technological footing and aim
to be among the best. The automobile industry uses several standards to ensure that products meet
the necessary level of quality. Leading international corporations now more and more support
"business excellence," claiming that producing superior goods is the only way to attain effectiveness
and efficiency. To improve quality, a wide range of techniques and procedures are used in the
automobile sector. These include ideas, approaches, procedures, research, and instruments, all
directed toward the shared objective of raising the standard of living. A quality policy acts as the
foundation for a company, outlining its core values and goals related to quality. It is a crucial part of
an organization's overarching policy and must be in line with its purpose, goals, and strategy.
Moreover, appropriate tool selection and well-coordinated use are essential for the efficient use of
quality tools, which are a component of the quality management system. To put it simply, attaining
excellence in the automotive sector is closely linked to the quest for unmatched quality, and this path
necessitates the application of suitable instruments for quality improvement together with a clearly
defined plan.
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1.3. Cost of Quality

Businesses are finding it essential to focus on quality cost management in an era characterized by
greater globalization, fierce market rivalry driven by major technology developments, and
digitalization. This strategy includes improving the quality of the product in addition to cutting
expenses and raising earnings. Many businesses continue to be ignorant of the complete range of
expenses connected to quality over time, the actual cost of poor quality, and the revenues lost because
of high-quality costs. Organizations may identify operational flaws and assess the efficacy and
efficiency of their programs, processes, and quality-related activities by understanding and
implementing the idea of quality costs. The money spent on quality-related activities and management
initiatives, as well as on correcting subpar quality, is referred to as quality expenses. As such, they
play a major part in the operational, tactical, and strategic management of businesses. Notably, studies
have demonstrated that obtaining greater quality levels does not always need spending more on
prevention and evaluation; rather, higher overall quality levels are linked to lower total quality costs.
When it comes to cutting overall quality expenses, prevention costs have a greater influence than
appraisal costs. It's also critical to recognize that the cost of quality can be an effective tool for
measuring overall business performance, creating complex quality management systems, evaluating
the effectiveness of quality management programs, and determining whether new products will be
financially viable before going on sale. Even though academics are very interested in quality costs,
there is still a significant lack of information in the literature on the justifications for adopting quality
costs, the advantages, and difficulties of doing so, how quality costs are measured, and the importance
of different components of quality costs. Research, both theoretical and empirical, has not given these
topics enough attention [8].

Even if some expenditures like personnel, supplies, buildings, machinery, and transportation cannot
be avoided, there are other costs involved with error prevention, detection, and correction. This brings
up the moral dilemma of whether clients should foot the bill for mistakes made by others. In the
current business environment, some clients are putting pressure on their suppliers to reduce internal
expenses so that they can provide goods at a reduced cost. Although the goal is admirable, this
strategy runs the danger of damaging the sector by driving suppliers out of business. Promoting
cooperation between suppliers and consumers, wherein the two sides identify and execute cost-saving
strategies, is a more efficacious approach. This cooperative strategy should be maintained until
neither side is able to find any more savings, indicating that the goal has been reached. It is critical to
understand that customers lose nothing when they force their suppliers out of business [9, 10]. As
such, the topic of whether quality is truly free continues to be intricate and nuanced. Companies
generally aim to improve or maintain better quality while increasing the overall efficiency of the
related process. Figure 2 refers to the risks of defining an optimal trade-off between error prevention
effort and cost from the result while recording the errors. production with a low number of quality
flaws, even "zero-defect" production, is an attainable aim. However, substantial effort is required,
such as the physical evaluation of product qualities with high (temporal and spatial) resolutions and
the development of adaptive control regimes based on recognized quality gates. Furthermore, the
amount of product variants complicates quality inspection planning and implementation. As a result,
as the sophistication of error prevention increases, the cost of prevention and assessment increases
significantly [11].
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In summary, organizations must understand the notion of quality costs, which includes both external
and internal failure costs. When goods, components, or services don't meet quality standards and are
found out before the product is delivered to the client, internal failure costs result. These expenses
consist of downtime, yield losses, scrap, rework, retest, failure analysis, and downgrading/off spacing.
However, external failure costs which include complaint adjustments, returned goods or materials,
warranty fees, liability expenses, and indirect costs associated with unhappy customers occur when
delivered items fall short of consumer expectations. The purpose of quality-cost assessments, which
range from 4% to 40% of sales, is to minimize the costs associated with internal and external failures
by highlighting the need to invest in preventive and appraisal. The leverage effect shows how
investing money in evaluation and prevention may save a lot of money by lowering the cost of failure.
For continual improvement, quality expenses must be analyzed and reported. Pareto analysis is
frequently used to identify the main issue areas. Effective quality-cost initiatives prioritize chances
for improvement above simple scorekeeping and demand a dedication to prevention, with a threshold
of 5% to 6% of revenue being ideal. In general, in order to improve operational effectiveness and
customer satisfaction, businesses should always endeavor to evaluate, assess, and minimize quality
expenses [12].

1.4. Definition of Wastegate Actuator

The pursuit of improved combustion engine efficiency has been a subject of study for several years.
A common technique for increasing the power output of diesel and spark-ignited engines is
turbocharging. It offers a cost-effective way to increase a vehicle's fuel economy when paired with
downsizing. To achieve optimal engine performance and drive ability over the whole operational
spectrum, the turbocharger must be controlled effectively. The wastegate actuator is the most
prevalent form of actuator used to carry out this control on the turbine. Despite having a large impact
on controller performance, the wastegate actuator has received very little attention in the literature to
date. Utilizing a variable wastegate system makes it possible to employ cutting-edge tactics, such as
increasing wastegate opening to reduce pumping losses and, in turn, fuel consumption. This
necessitates a control strategy where the throttle is kept fully open and the wastegate alone controls
boost pressure and engine torque for engine running positions when intake pressures are greater than
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ambient conditions. The development of boost pressure controllers is generally subject to higher
demands due to the quest for improved performance and increasingly complex system configurations.
Typically, the engine control unit governs a pressure actuator, which interfaces with a pressure-
mixing solenoid valve to regulate the wastegate's opening as required. Measuring this position
accurately proves challenging, and its response to control inputs, both in static and dynamic scenarios,
is influenced by the engine's operational conditions. Developing a comprehensive physical model for
the pressure actuator and pressure feed system is intricate, as it demands a thorough understanding of
various factors, including membrane sizes, flow rates, valve areas, and their responses to control
signals and actuator positions [13, 14].

With each study, new set values, components, and even structures have been developed to enhance
combustion engine efficiency and power, as different focus areas come to the forefront.
Turbochargers are one such focus area. Among their critical components, the wastegate plays a
pivotal role in controlling boost pressure. The location of the wastegate valve itself influences the
flow distribution between the turbine and the wastegate. The operation of the wastegate starting after
the turbine is depicted in Figure 3. The angle of the figures gives the impression that the reader is
being hit by the exhaust flow coming from this turbocharger component. As shown in Figure 3, when
the wastegate is closed, the whole exhaust gas flow is channeled into the turbine, speeding up its
rotation and allowing the compressor to produce more boost pressure.

Fig. 3. Closed Wastegate [15]

There is less power supplied to the compressor as a result of a bigger amount of the flow being
diverted through the bypass rather than the turbine for the open waste case which is shown in Figure
4[15].
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Fig. 4. Open Wastegate [15]

One of the initial applications of the wastegate actuator involves a mechanical valve that is actuated
by the engine's vacuum pressure, allowing it to open and close. As the engine's rotational speed
increases, the electric wastegate actuator restricts the charging pressure to a specific value. Moreover,
the wastegate valve's opening level can be adjusted as needed to ensure that the turbocharger
consistently delivers the required boost pressure. As a result, there is an increasing inclination toward
using electricity to regulate the valve's position by altering its angle in order to minimize fuel
consumption. Wastegate actuator placement in a regulated two-stage turbocharger system layout is
given in Figure 5 [16].

High Pressure Stage Turbocharger

Fig. 5. Place of Wastegate in Turbocharger System Layout [17]
1.5. Identifying Issues in the Wastegate Actuator Production

WGA new generation actuates the wastegate flap in turbocharged gasoline engines and controls the
turbocharger valve under challenging conditions. WGA regulates the turbocharger valve of gasoline
engines with turbocharging and moves kinematics in tough situations. As was previously recognized,
the turbocharger is a crucial part that uses the energy from exhaust gasses to compress and pull in
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new air for burning. This clever technique makes it possible for more oxygen-rich air to reach the
combustion chamber, which improves engine performance and increases engine torque. Put simply,
an exhaust gas turbocharger is made up of two essential parts that are joined by a central shaft: an
exhaust gas turbine and a compressor turbine. The compressor turbine is propelled by the exhaust gas
turbine, which is powered by the engine's exhaust gas flow. The actuator for the turbocharger
sometimes called the control box or boost pressure regulator, is an integrated electronic control unit
designed specifically for adjustable turbochargers. Variable Nozzle Turbine (VNT) and Variable
Turbine Geometry (VTG) turbochargers are where it is most commonly used. In the context of
variable turbine geometry turbochargers, the actuator is essential to maintaining accurate and
consistent guide vane control. This then coordinates the modification of exhaust gas flow onto the
turbine wheel, which modifies the boost pressure to match a wide variety of speeds. The necessary
boost pressure follows a preset map that is kept in the engine management unit and is sent as a signal
across a data bus link to the turbocharger actuator. The actuator then positions the guiding vanes in
line with the signal's defined angle setting to provide the best possible boost pressure management.
The following signs might indicate an electromechanical turbocharger actuator malfunction:

— Reduced performance,

— Inadequate acceleration,
— Engine warning light,

— Decreased vehicle speed,
— Emergency mode,

The wastegate actuator assembled version is shown below in Figure 6.

Fig. 6. Wastegate Actuator-Assembled [18]

Advanced technology robots, equipment, and sensors are used in the WGA assembly production line
in company X. Generally, the assembly line in company X is an Automated Mounting System (AMS)
mass production is carried out. As it is seen in Figure 7 9 different modules there are in WGA
automated assembly production Also, the WGA line has Automated Optical Inspection (AOI)
checkpoints in different stations. These checkpoints are evaluated by specialists regarding customer
requirements, and internal or external relevant standards. Besides this different camera system or laser
sensor system is implemented to check or detect NOK parts at the line automatically [18].
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Fig. 7. WGA Production Flow Chart [19]

The WGA final good has components as it is seen in Figure 8. To produce the final good of WGA at
each station these components are placed into the housing correctly, this activity could be done by
the operator manually or by machine or robot automatically. The line starts with the assembly of
components into the upper housing cover, then the pressing process in which the printed circuit board
is pressed into the cover. During this process, the equipment creates a pressing curve after each
pressing process to check by itself. According to this data system sends information to other systems
as a pass or fail. Parts get status after each operation, and it is visible in the system and is used for
traceability of the part. After this, the upper housing cover and gearbox housing that have different
components on each of them are welded to each other. As a next step, the other main station is the
EOL (end of the line) test station. EOL test is done in line by an automatic system in this station, each
part is tested before shipping out to the customer to ensure that product functionality is working
properly. In addition to all this, a visual check is done by an operator before the parts are packed.

(1) Upper housing cover

(2) Printed circuit board

(3) Seal

(4) Retaining clip motor

(5) Worm gear

(6) Electric motor

(7) Gearbox housing

(8) Fastening element /lever

(9) Bracket

(10) Shaft

(11) Drive segment
 (12) Rotor

Fig. 8. Structure/design of the Company X WGA [18]

During all these process steps different types of failures can occur at the WGA assembly line time by
time. A list of potential failures or issues name is given in Table 1.
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Table 1. A List of WGA Assembly Potential Failures/Issues

1 Laser Marking Failures 9 CE Pressing Failures

2 Scada Booking Failures 10 Output Cover LW Failures
3 Axles Pressing Failures 11 EOL Failures

4 ITAC Booking Failures 12 Laser Marking Failures

5 Screw of the Fix Element Failures 13 Dropped parts

6 Suppression PCB Failures 14 Scrap in lines

7 Sensor PCB Pressing Failures 15 Others

8 Laser Welding Failures

1.6. Defining the Scope of the Wastegate Actuator Assembly Process Improvement

Attempts to improve the Wastegate Actuator (WGA) assembly procedure require a careful
characterization of the project boundaries, goals, and components. The following steps provide a
methodical process for this necessary step. First and foremost, it is imperative to do a thorough
analysis of the present WGA assembly process. This will enable the discovery of inefficiencies,
bottlenecks, and areas that are prime for improvement. Additionally, performance data and relevant
metrics will be carefully collected. Consequently, the improvement initiative's cornerstone is to
formulate clear and specific objectives that explicitly articulate expected outcomes, such as increased
efficiency, and improved product quality. In order to assess the success of a project, it is essential to
define key performance indicators, with measures such as assembly time and defect rates acting as
specific benchmarks. A realistic and attainable scope must take into consideration resource limits,
which include things like staff availability, time restraints, and financial constraints. Putting all of the
above into a structured framework through the production of a thorough scope statement gives the
improvement endeavor clarity regarding the project's objectives, boundaries, stakeholders, metrics,
and pertinent limitations. In conclusion, it is imperative that all participants in the WGA assembly
process have a clear understanding of the specified scope. This will ensure that all stakeholders are
aware of the set objectives and restrictions, which will promote collaboration and synergy [20, 21].

By following these systematic processes with the DMAIC quality improvement approach, a strong
basis is established for the Wastegate Actuator Assembly Process Improvement. This methodical
strategy not only directs the project's course but also increases the likelihood of achieving favorable
results. Therefore, the goal is to use the DMAIC methodology to find the most important failure that
happens on the WGA assembly line within a given timeframe. To do this, the problem must be
analyzed, the core cause must be found and solved, and tracking of sustainability must be performed
and put in place to manage the results. In conclusion, the project's goals are to increase assembly line
productivity and reduce the amount of scrap that results from the wastegate actuator assembly
process. The goals include decreasing the rate of scrap, increasing overall productivity, and
minimizing mistakes. Raising line the first pass yield percent from 99.42% to 99.5%, cutting the scrap
amount from 218 pcs/week 5 pcs/week, and reducing the scrap rate are the stated improvement aims.
The project's scope entails a thorough investigation of wastegate actuator assembly process defects,
with an emphasis on locating and resolving the primary root cause of the problem. Within four
months, the goal is to provide a process-improving solution that lowers scrap rates and scrap that is
linked to the root cause that was found using the DMAIC technique.
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1.7. Chapter Summary

The goal of the research topic was to improve the WGA assembly process in the automotive sector
by addressing the issue of high scrap rates that have an impact on overall efficiency and product
quality. The DMAIC strategy was applied in response to the research topic, which highlighted the
requirement for a statistically based quality control system. The fundamental design comprised the
methodical use of statistical analytic methods, such as Ishikawa diagrams, Pareto charts, control
charts, Process Feasibility Analysis, and Design of Experiments. The main conclusions showed that
the main problem impeding first-pass yield (FPY) objectives was suppression PCB pressing failure.
Throughout the investigation, the well-respected Six Sigma technique DMAIC was methodically
used. Although the Measure phase concentrated on gathering information and evaluating process
stability, the Define phase established project goals and identified stakeholders. The goal of the
Improve phase was to put solutions into practice and improve the process, while the Analyze phase
used statistical tools to identify the core causes of issues. Preventing regression and maintaining gains
were the main goals of the control phase. The research provided valuable perspectives on optimizing
the application of Statistical Process Control (SPC), specifically tackling obstacles in the Suppression
PCB pressing procedure. Along with emphasizing the value of business excellence, quality standards,
and the use of appropriate instruments for quality improvement, it also highlighted the larger context
of quality management in the automotive industry. The investigation found a number of possible
assembly line malfunctions, including suppressed PCB problems, laser marking, and screw failures.
The DMAIC technique was used to establish the improvement initiative's scope, which included
reducing scrap rates, increasing assembly line productivity, and addressing the underlying cause of
the detected problem within a given period. The study concluded with a thorough analysis of the
WGA assembly process and a methodical approach to quality improvement. The conclusions and
recommendations offered by the study will be of great assistance to the automotive industry in its
continued efforts to improve the quality of its products and the efficiency of its operations.
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2. Statistical Scrap Rate Analysis of the Wastegate Actuator Assembly Process

The rapid development of superior items has created considerable worldwide market pressure. As a
result, many businesses are forced to update their quality procedures and develop improved
techniques to guarantee that client satisfaction covers all operational procedures in addition to the
final goods. A statistical-based quality control technique later known as "statistical process control"
(SPC) was popularized to achieve this goal. This approach is part of a comprehensive set of
techniques for solving problems that are necessary to achieve process stability and improve capacity
through the reduction of process variability [22]. The automotive sector, which is fueled by expanded
manufacturing capacity and globalization, places a high value on consumer satisfaction with its goods
and services. SPC, which provides a collection of methods for efficient process management and
quality assessment, emerges as a critical instrument to satisfy the growing demand. By reducing
variability in goods, deliveries, procedures, materials, attitudes, and equipment, SPC is a tactic for
enhancing capacity. SPC is utilized in manufacturing, especially in quality control, because of its
ability to increase both financial and operational advantages. Control charts are used to assess the
stability of a process and are an essential tool for identifying circumstances that are inside and outside
of control. The key difference is whether the probability distribution that represents the quality
attribute changes over time or stays constant. The study explores the use of variable and attribute
control charts in process or product parameter control, providing further details on their applications.
Process capacity analysis is an important technique for continuous improvement. It uses several
capability indices to assess a process's ability to satisfy specifications. This research uses statistical
methods to improve process quality and solve quality issue at the WGA Assembly line. A qualitative
technique is used in the study methodology to analyze how SPC is implemented and how it affects
business success [23]. The purpose of the paper is to provide insights on potential enhancements in
SPC use. It focuses specifically on researching and enhancing the SPC philosophy's use in the
suppression PCB pressing process of plants that produce automobile components.

2.1. Statistical Analysis Tools and Methods for Under-Consideration

Statistical analysis tools comprise a collection of quantitative methods and techniques utilized for the
analysis and interpretation of data. These tools offer a systematic means to examine patterns, trends,
and relationships within datasets, thereby supporting informed decision-making grounded in
empirical evidence. The array of statistical analysis tools spans various methodologies, encompassing
descriptive statistics, inferential statistics, regression analysis, and more. Within the scope of this
study, the DMAIC approach and its associated tools are employed to analyze the targeted process.
The incorporation of statistical analysis tools into the DMAIC approach ensures that decision-making
is consistently grounded in data throughout each stage. This systematic approach not only facilitates
a comprehensive understanding of the current state of a process but also directs the identification and
implementation of improvements, emphasizing measurable outcomes. The utilization of statistical
analysis tools contributes significantly to the overall efficacy of Lean Six Sigma initiatives by
furnishing a rigorous and structured framework for continuous improvement. In addition to
facilitating a thorough knowledge of a process's existing status, this methodical approach also guides
the discovery and execution of changes by emphasizing quantifiable results. In this research, different
control charts, measurement systems capability studies, process capability analysis, designed
experiments, and many other basic statistical tools were used, and different data sets were collected
for each tool. Tools that were selected in each phase are detailed in the below chapter [24].
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2.1.1. Define Phase - Selected Statistical Tools and Methods

As a fundamental document for the whole project, the DMAIC approach places great importance on
the preparation of a Project Charter during the Define phase. This detailed charter outlines the
project's name, goal, objectives, team members, scope, and high-level schedule. It helps to define the
project's limits precisely, spells out quantifiable goals, names important players, describes team
members and their responsibilities, creates a schedule with crucial checkpoints, and admits any
limitations, presumptions, risks, and related contingencies. As a guiding document, the project charter
ensures that team members and stakeholders are consistently in agreement and understanding
throughout the DMAIC process. The project charter was used as a tool to outline the goals, objectives,
team members, and schedule of the project.

A graphical tool for quality control and decision-making, the Pareto Chart or the 80/20 rule is
particularly useful when there are several possible reasons for a given issue. Pareto charts are very
helpful for concentrating attention on the most important problems. Organizations may accomplish
more substantial improvements faster by addressing the elements that contribute most to the problem,
which are on the left side of the chart (80%). Due to this reason, Pareto chart was selected in this
project to decide which failure is more critical to reducing the scrap rate in the WGA assembly line
in a short time.

Then SIPOC tool was picked to see all possible influences of this problem. Suppliers, Inputs,
Processes, Outputs, and Customers, or SIPOC (Figure 9) for short are an organized process mapping
instrument used in the Six Sigma technique. It gives a process a high-level visual representation by
highlighting key components and connections. The process's essential elements are represented by
the acronym: suppliers, who supply inputs; inputs, which are the materials or data needed for the
process; the process itself, which shows the steps involved; outputs, which are the finished goods or
results; and customers, who receive the final outputs. SIPOC facilitates the thorough knowledge and
definition of a process, allowing teams to pinpoint important elements, possible areas for
enhancement, and the process's entire scope. It provides a clear and simple overview of the key
components of a system, making it an invaluable tool for process improvement activities. The main
process from start to end is added, and then all related suppliers not only for components but also
internal or external service providers are defined. Measured variables for input and output, process
and customer requirements and lastly the customers are defined in Figure 9. Due to data privacy
sensitive information are eliminated.
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Additionally, the 4W+2H (Who, What, Why, When, How much, How long) method was chosen.
Using a codified explanation of broad relationships, the 4W+2H questions are a method for
thoroughly understanding all elements. Systematically analyzing different elements is essential to
identifying and solving an issue. First and foremost, it's critical to identify the individuals or
departments impacted by the issue. This entails defining the problem and going into the details of
what happened. Localizing the issue is also aided by identifying the location of the issue. Determining
the problem's emergence date and the stages it took to appear are equally crucial. It is essential to
comprehend the type of issue, how frequently it occurs, how many people are affected, and how it
seems. An exhaustive evaluation also benefits from the financial ramifications, which are measured
by the expenses incurred. In conclusion, investigating potential sources of the issue is essential to
successful problem addressing and resolution. A comprehensive knowledge of the situation is
obtained by addressing these important issues, which establishes the foundation for activities aimed
at strategically solving problems. Comprehensive answers are provided, for a better understanding of
the relationships for this project [25].

2.1.2. Measure Phase - Selected Statistical Tools and Methods

Process mapping tools, which give a clear and visual depiction of a process's current condition, are a
basic advantage when used during the Measurement phase of the DMAIC technique. Understanding
the process's flow of operations, inputs, outputs, and possible areas for improvement is made easier
with the help of this graphic explanation. By using tools, diagrams, and flowcharts, team members
may identify important indicators for measurement and get a thorough grasp of complicated
processes. Additionally, process mapping supports DMAIC goals by facilitating the discovery of
inefficiencies, bottlenecks, and opportunities for improvement. It also provides a base upon which to
build benchmarks, improve stakeholder and team communication, and direct the gathering of
pertinent process data for later measurement and analysis. In essence, process mapping during the
Measure phase increases comprehension, makes it easier to identify metrics, highlights inefficiencies,

25



creates baselines, fosters better communication, and directs data collection all of which are essential
elements of successful process improvement. Comprehensive process maps were determined as tools
for this step in order to define the stages of the current process, the inputs and outputs of each process
step in more detail, and to be able to be accurately understood by the entire team.

Using a control chart is quite helpful when it comes to process monitoring. When there are anomalous
sources of variability, sample averages that are plotted outside of the specified control boundaries are
displayed on the control chart. This event acts as a signal, requiring an examination of the procedure
and remedial measures to get rid of these anomalous causes of variability. The implementation of
control charts methodically and consistently is a model approach to reducing overall process
variability. A carefully designed experiment is very helpful in determining the critical factors that
affect the quality characteristics that are being evaluated in a particular process. The controlled input
components in the process are systematically changed as part of the defined experiment technique,
which enables evaluation of the effect these inputs have on the parameters of the final product. In
order to minimize variability in quality attributes and identify the ideal amounts of controllable
variables for process performance optimization, statistically planned experiments are essential.
Furthermore, using prepared experiments often results in significant improvements in process
efficiency and product quality.

Measurement System Analysis (MSA) and process capability tools are advantageous because to can
evaluate and guarantee the precision, accuracy, and dependability of measurement systems. By
supplying accurate data, MSA reduces measurement mistakes, finds and fixes biases, and improves
the general standard of decision-making. Identifying potential areas of variability introduced by
measuring systems, helps to improve process control and performance and directs the improvement
process.

There are several benefits to using data analysis tools during the DMAIC Measurement phase. These
tools show skill in identifying patterns and trends present in gathered data, which helps to validate
findings for dependability and correctness. Furthermore, they are essential in providing guidance for
evidence-based decision-making and calculating process performance in a meaningful and
quantifiable way. The skillful application of these instruments plays a crucial role in obtaining
practical understanding, directing the determination of underlying reasons, and aiding in the creation
of efficient enhancement plans. In the end, their use contributes to the accuracy and reliability of the
analysis, which is crucial for supporting well-informed decision-making when pursuing successful
process improvement projects. For all these reasons, not only a data analysis tool was used but also a
data collection plan has created a strategy for gathering pertinent data, outlining the types, timing,
and methods of data collection.

2.1.3. Analyze Phase - Selected Statistical Tools and Methods

For a number of simple explanations, the Ishikawa diagram also referred to as a Fishbone diagram or
a Cause-and-Effect diagram is extremely useful during the DMAIC analysis phase. This technique is
primarily helpful in the methodical investigation and identification of plausible root causes that
underlie a particular issue. It provides an organized method for classifying these reasons into
significant groupings, including people, processes, equipment, materials, and the environment. The
graphical depiction makes cause-and-effect links easier to see, encouraging teamwork and
comprehension during the analytical process. By utilizing the various viewpoints of team members,
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its use promotes an exhaustive and cooperative investigation of plausible reasons. The Ishikawa
diagram helps prioritize and concentrate on important areas throughout the analysis by classifying
causes. This way, efforts are focused on tackling the most significant variables that are contributing
to the current problem. Furthermore, the diagram's hierarchical style acts as a foundation for problem-
solving, assisting teams as they systematically identify and analyze causes following the goals of the
DMAIC Analyze phase. The graphic also functions as a tool for documenting, gathering group ideas
and Analyze s for communication, future reference, and charting the development of the problem-
solving process. All things considered, the Ishikawa diagram is a useful and adaptable tool that makes
it easier to conduct cause analysis in the context of the DMAIC Analyze phase in a thorough and
organized manner. It was used in this project due to that is an excellent graphical aid for illustrating
the possible causes of a specific defect or a specific problem.

2.1.4. Improve Phase - Selected Statistical Tools and Methods

A methodical and statistical technique called Design of Experiments (DOE) is used to improve
process parameters and pinpoint the key elements influencing a system or process. The use of
experimental procedures in DOE facilitates the effective investigation of diverse input components
and their interplay to ascertain their influence on the response variable or output. With the use of this
approach, which entails organizing, carrying out, and evaluating experiments in a controlled and
systematic fashion, ideal circumstances may be found and important variables that have a substantial
impact on the process can be understood. DOE is especially useful in situations where a variety of
factors affect the result since it facilitates resource allocation, lowers the cost of testing, and offers
insights for process optimization and improvement. In this section, this method was chosen to see the
effects of the potential root causes determined by the Ishikawa diagram in the previous step, and the
necessary conditions and samples were prepared for each situation, experiments were carried out, and
the results were observed.

The benefit of using Process Feasibility Analysis is that it can evaluate the viability and practicality
of suggested process modifications. Teams can use this study to assess if proposed modifications can
be implemented, taking into account technological limitations, possible hazards, and resource
availability. Organizations may make well-informed decisions, allocate resources efficiently, and
guarantee that suggested changes are feasible and practical given the restrictions by carrying out a
comprehensive process feasibility analysis. By reducing the possibility of unrealistic or unfeasible
improvements, this proactive evaluation enhances the overall efficacy and efficiency of the
continuous improvement process and adds to the success of DMAIC projects. In this project, this
methodology was used to evaluate the suggested solution's acceptability considering several aspects,
including cost, operational concerns, procedures, and methodologies. Its objectives were to assess
related risks and ascertain if the remedy was appropriate in the current situation.

2.1.5. Control Phase - Selected Statistical Tools and Methods

In this stage, a thorough control plan was developed, outlining the precise period of time and the data
criteria assigned to track the feasibility and sustainability of the suggested remedy. This procedural
framework also included statistical control techniques. Once more, information was methodically
collected, and examined, and based on the results, an evaluation was carried out to determine whether
the original project goals and objectives had been met.
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2.2. Selecting the Dataset for Statistical Scrap Rate Analysis

The dataset provides the basis for making defensible judgments and putting changes into practice. It
usually contains data on the process under study. A variety of data kinds, such as quantitative
measurements, qualitative observations, and other pertinent information, can be included in the
dataset. Since choices and actions are dependent on the insights gained from the data analysis, the
quality and accuracy of the dataset are essential to the DMAIC process's success. In this project main
dataset (given in Appendix 1) that includes the failed and produced part amount at the WGA line was
collected for a period determined as calendar weeks 31 and 32 and was taken from the ITAC software
program. This is created by this software are linked to the relevant material container or serial number.
Variable dashboards show inconsistencies that are happening in production. Furthermore, the
program guarantees total traceability and transparency during the whole production process.

An additional selected dataset for the analysis is Suppression PCB Pressing curves which provide
information about force and trigger distance. These are automatically created at the line after each
part production, which is seen in Appendix 2 for this period. Also, pin position and PCB dimension
measurement results are used as a dataset but not included in this report due to commercial secret,
only results are presented at the DMAIC Measurement phase. Pin height measurement results are
used for short-term capability, this dataset is seen in Appendix 3. Also, Appendix 4 is used for the
attributive MSA report.

2.3. Conducting and Ranking Statistical Evaluation

At the very beginning of the project, the WGA line quality key point indicator (KPI) value was taken
as a first-pass yield (FPY). This term is also used to refer to throughput yield or TPY. This is a crucial
manufacturing statistic for assessing output and quality. This is associated with how well a process
works and how scrap is removed from it. Because of its emphasis on cutting down on waste and
inefficiencies, the FPY is also useful for gauging the effectiveness of continuous improvement. The
data sets given in Appendix 1 were used to calculate this data for a specific period. The calculation is
done according to the definition that the number of units that exit a process divided by the number of
units entering it during a certain amount of time is the FPY. As seen in Table 2 WGA Assembly line
has a red FPY means that the line is not reaching the targets.

Table 2. FPY Result for Each Selected Period in WGA Line

Period Pass Part Amount(pcs) Failed Parts Amount(pcs) | FPY (%)
CW31 21989 126 99.43
CW32 15533 92 99.41
Average 37522 218 99.42

The same data set was used to create a Pareto chart which is seen in Figure 10. Suppression PCB
pressing failure was shown to be the most common mistake manifestation when all faults within a
certain time frame were analyzed using the Pareto analysis approach. As is seen in Figure 10, 126 pcs
of Suppression PCB failures were obtained from CW31 and 92 pcs from CW32. For this reason,
Suppression PCB pressing failure was chosen critical station to investigate and solve by the DMAIC
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methodology approach in this project. The examination of scrap rates, particularly concerning
Suppression PCB press fit failures, is critical to quality control and process optimization. Scrap rates
provide important information on the efficacy and efficiency of manufacturing processes as well as
the general state of production systems. Because electronic components are so delicate and detailed,
examining scrap rates becomes especially more important in the context of Suppression PCB press
fit failures. Comprehending the origins and trends of scrap, particularly in connection with PCB press
fit malfunctions, furnishes producers with vital insights for focused enhancements. Failures in the
PCB press-fit process can result in a variety of problems, from lowered product quality to possible
customer discontent. Manufacturers can pinpoint the stages in the production process when flaws or
malfunctions arise by focusing on scrap rates linked to PCB Press fit failures. Furthermore, a detailed
analysis of Suppression PCB press fit failures in scrap rates enables proactive problem-solving [26].

Pareto Diagram, WGA Failure CW31 Pareto Diagram, WGA Failure CW32
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Fig. 10. Pareto Chart for CW31-CW32 for WGA Assembly Process

The main process is the press-fit process which is a tried-and-true interconnection technique that is
generally recognized for connecting electronics assemblies for the suppression PCB pressing
operation. The automobile sector has embraced press-fit technology with adjustable press-fit zones
within the last ten years. This technique eliminates heat processes and simplifies process
management, among other important benefits. It also allows high-current applications and makes
miniaturization easier. Press-fit technology is anticipated to be used more often in a variety of vehicle
locations, each with its own set of environmental requirements. Press-fit technology has shown to be
a reliable connecting technique for electrical components and connections in these kinds of situations.
Press-fit technology has shown that PCBs with immersion tin surface metallization are robust when
combined with other materials. This is especially true in the European region. Electrical assembly
using press-fit technology eliminates the need for solder. The "compliant" portion of the press-fit pin
that is being inserted is somewhat bigger than the plated PCB hole. The compliant part offers the
"press-fit" connection when it is compressed and fitted into a PCB PTH (Plated through Hole). A
regulated fluctuation in hole sizes is dynamically adjusted by the compliant section. As it is shown in
Figure 11.
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Fig. 11. Press fit insertion and cross-section [27]

The following requirements must be satisfied in order to have the best outcomes possible in the press-
fit connection which is shown in Figure 12:

— Make sure that the press-fit zone on the PCB is precisely aligned.

— Check to be sure the PCB is not damaged.

— Remove any dust, particles, or flakes that may be present.

— Verify that there are no damages.

— Make sure the force-distance control stays within the allotted parameters.

— Check to see if the pin protrusion is there.

— Meet all mounting group requirements, including those regarding location, pin circularity,

perpendicularity, and other particular standards [27].

Press-fit pin
\ :rtfess-ﬁttpln Elastic
eformation Energy
i Reserved
Retention
PCE PTH force

Fig. 12. Correct Press-fit Process [28]

The press-in procedure's overall flow is depicted in Figure 13. The press-in tool is made up of two
parts: the lower press-in tool includes etched slots to hold the press-fit pins, and the upper press-in
tool is typically flat and uniformly in touch with the backside of the module. The tool's two
components must line up with one another. PCB and press-fit tool must be aligned with a position
tolerance, parallel, and enable a perpendicular insertion of press-fit contacts into the PTHs.
Furthermore, depending on the PTH diameter, the press-in force for a single pin should be between
60 and 150 N. The sum of the force needed for a single pin multiplied by the number of pins in a
module equals the total press-in force. A press-fit pin may attach to the plate through a hole less
securely if the press-in pressures are less than 60 N/pin. The plated-through hole's diameter being too
big for the press-fit pins is the main cause of the poor press-fit force. Press-fit terminals, PTHs, and
PCB tracks may sustain mechanical damage from press-in pressures of more than 150 N/pin. In
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compliance with IEC 60352-5 standards, the suggested press-in speed falls between 25 and 50
mm/min [28].

- Upper press-in tool

Press-in tool is comprised of two parts; upper press-in
tool and lower press-in tool should be aligned in
parallel with each other. Make sure the surface of the
plates is free of particles.

Alignment pin —

Lower press-in tool

Fig. 13. Press-fit Tool [28]

Furthermore, additional measurements which are measurements functioned as a foundational dataset
that was essential in identifying the root cause of the observed mistake. This dataset made it easier to
conduct a thorough analysis in order to determine whether the requirements specified in the drawings
or standards were satisfied. These specifications covered a number of crucial elements, such as pin
location, heights, and widths, as well as PCB dimensions and PCB hole width. By using these data,
it was possible to conduct a methodical assessment that guaranteed compliance with the established
norms and criteria in the context of production or quality control. Apart from the above-stated
elements, process capability reports and Measurement System Analysis (MSA) reports on a regular
basis were also provided. These were carefully reviewed during the dataset evaluation.

2.4. Chapter Summary

The ultimate goal of this completed study was to use SPC, a statistically based quality control
approach, to solve the high scrap rate problem in the automotive industry's WGA assembly process.
To methodically address the problem, the research used the DMAIC technique, which consists of the
stages Define, Measure, Analyze, Improve, and Control. Throughout the investigation, statistical
analytic methods such as control charts, Pareto charts, Process Feasibility analytics, Ishikawa
diagrams, and DOE were methodically selected to use in further steps of DMAIC. The statistical
scrap rate study was based on the dataset, which included measurements of PCB dimensions, pin
location, suppression PCB pressing curves, and failed and manufactured components. The main
conclusions showed that the most common problem influencing the assembly process was
suppression PCB pressing failure. Using FPY as a key performance metric, it was discovered that the
WGA assembly line fell short of expectations. The study's contributions are centered on offering
perceptions into possible improvements in the use of SPC, with an emphasis on difficulties in the
Suppression PCB pressing process of car component manufacturing. During the Control phase, a
thorough control plan was created, and the project's initial goals and objectives were assessed to see
which of them had been accomplished. Conclusively, this study provides significant insights for
manufacturing enterprises in search of organized approaches to problem-solving that enhance quality.
It highlights the significance of having a comprehensive comprehension of the procedure and utilizing
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a range of statistical instruments to ensure effective process management and quality evaluation in
the automotive sector.
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3. Scrap Rate Reduction Solution Applying the DMAIC Approach

The first phase of the DMAIC entails defining the parameters of the project, identifying the problem,
and setting goals. The following crucial activities are included in the main goal of the DEFINE phase:

— Clearly define and thoroughly record the issue that has to be resolved, as well as any
consequences, and state the intended result without providing a solution in advance.

— Assess the potential financial gains that the project may yield.

— Persuade project coordinators and key team members to take an active role in the project.

— Indicate the parameters and scope of the process that is being examined.

— Determine the needs expressed by the designated clients, which may go beyond the project's
original assignment, in order to determine the project's extent.

— Convert client needs into Critical to Quality parameters, which include error definitions and
measurement variables.

— Clearly state the boundaries of the project job.

— Examine the projected schedule, amount of work, and important project milestones.

The Define Phase includes gathering input from the Voice of Business (VOB) and the Voice of
Customers (VOC), holding brainstorming sessions, examining past data, gathering information, and
making use of flow diagrams, processing maps, SIPOC diagrams, and 4W+2H questions. These
instruments are used to identify all current issues and determine crucial quality variables, which point
out areas that need to be corrected [29].

The method entails figuring out how to measure the issue and then assessing the situation as it stands
during the Measure phase. Critical quality elements are evaluated in the measure phase in order to
monitor performance indicators that correlate to problems found in the define phase. As a guide,
consider the following queries for this phase:

—  Which measurements are going to be used?

— Which standards and instruments of measurement will be used?
—  Which information is necessary to quantify the issue?

— Are the data obtained trustworthy?

— Has the performance as of late been adequately measured?

This stage examines and measures how well the business process in question is doing right now. By
creating a baseline, or the "as-is" condition, this approach creates a point of reference for evaluating
the effects of any further enhancements. Metrics like process length, defect count, and cost may be
part of the baseline. During the measure phase, several techniques are utilized, including control
charts, ANOVA, Pareto diagrams, gauge R&R measures, voice of the process (VOP), capability
analysis (sigma level), MSA, and control charts. Before launching any improvement projects, these
technologies offer insights into the organization's baseline performance.

During the pivotal analysis, the focus shifts to meticulously examining the data gathered in the prior
steps to understand the performance gap that exists between current and desired benchmarks. To
identify and document sources of variation, this stage is crucial, while avoiding premature
conclusions that might inadvertently introduce new challenges. Discipline is required, urging us to
resist jumping to conclusions. Through tools such as the Pareto chart, fishbone diagram, SWhy
Analysis, and Failure Mode and Effects Analysis (FMEA), the methodology encourages a thorough
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investigation into the root causes of the identified issues. Furthermore, these instruments facilitate the
elucidation of patterns that are crucial to making informed choices by aiding in the visualization of
numerical data. It maintains a holistic perspective to enable effective solutions, laying the foundation
to uncover both the intricacies of the problem at hand and latent opportunities for improvement.

Optimizing the process will ultimately result in more productivity, fewer errors, and overall
performance improvement during the Improvement phase. Using both quantitative and qualitative
methodologies to achieve long-lasting improvements to the process under examination, the
Improvement phase is distinguished by a methodical approach to innovation. Verifying that the
modifications that have been put into place correspond with the original goals established in the
Define phase is the task of the Improvement phase. This stage guarantees that the enhancements align
with the project's overarching objectives. Complete documentation of every modification performed
during the Improvement phase is required not only for this phase but also for other phases. This
involves describing the changes, their effects, and any lessons discovered along the process of
implementation. Prioritizing the resolution of the most pressing problems and thoroughly testing
suggested solutions are essential steps before a full deployment. Therefore, careful observation of the
modified process is necessary to confirm that the expected enhancements have been achieved. During
this phase, there are a few frequent dangers that should be carefully considered. These include:

— Choosing to proceed with a less-than-ideal answer rather than the best one.

— Change management techniques are not being implemented well enough.

— Poor use of the Solution Prioritization processes.

— Inadequate use and interpretation of metrics and data.

— Underestimating how changes that are put into place will affect things.

— Readjusting based on a Critical Root Cause that was incorrectly recognized.

— The integration of work standards, instructions for work, and Control Planning processes are
not adequately documented.

The improvement phase and the whole DMAIC technique depend on these factors being carefully
considered [30].

The Control phase, the last step of DMAIC, where tactics are used to maintain the improvements over
time, is made possible by the success of this phase. In order to sustain the benefits made throughout
the DMAIC process, the Control phase focuses on institutionalizing the improvements, keeping a
close eye on ongoing monitoring, and taking proactive measures to address deviations. This stage
specifies the teams or persons in charge, the frequency of monitoring, and the control techniques.
Control charts and statistical techniques are combined to track process stability. To guarantee that
any modifications or updates to the procedure are successfully conveyed to pertinent stakeholders,
communication procedures are put in place. To make sure the procedure is following the set control
measures, audits are carried out on a regular basis. It is assumed that industry standards, laws, and
client needs are followed. In this stage control charts, SPC tools, FMEA, standard operation
procedures, visual checks, audits, Poke Yoke, key performance indicators, and many different useful
quality tools can be used.

3.1. Define Phase of the Study Project

This research was started by preparing a project charter. In this step, as can be seen in the figure
below, what the problem is, the target of the project, the time plan for the project steps, the scope or
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out-of-scope of the project, and the current situation are determined. The problem was defined as
reducing a total of 218 Suppression PCB pressing errors that occurred between CW 31 and 32 weeks
on the WGA line, to a maximum of 5 per week at the end of 4 months. Other line scraps were not
taken into consideration during the problem-defining process. In order to make sure that everyone on
the team understands the challenge in the same way, additional photos or curves were included. It is
seen in Figure 14.

DEFINE

Project Description

Project kick-off / Problem Description

During the serial production in WGA AMS in 2 weeks(CW31 and CW32) 218 pcs
Suppression PCB pressing failures were produced from M40 for part numbers (x) This
problem affected IF2. These failures are not PSEUDO fails. Scrap cost is 997 Euro for 2
weeks.

Project Target (specific- Measurable- Actively influential- Realistic- Time Phased)

Reduce the quantity of Suppression PCB pressing failures to 5 pcs/week in
WGA AMS M40 from August to November 2023.

Project pre-conditions Out of Scope
Itac System Visual defects
Testing

Fig. 14. Project Description

Detailed failure description visualization can be found in Figure 15. In the normal process, any peak
should not be seen in the pressing curve but according to this situation peak appeared at the beginning
of the process, then the process was ongoing as it should be normally. This situation's root causes
were investigated in further steps.

failure description failure image

900 —_

L Limit g
200 pperLimi -

00—

400 S~ —————

/ Actual Value

300

peak during approach |« |

200 NOK

100 —T“’W

100

—ge p——1—

LB S o |

B 1 1,11.2151415161.71,819 22

Fig. 15. Suppression PCB Pressing Failure Curve
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Then the project team who can provide support, information, or knowledge to solve this problem is
created and a road map is prepared. During the formation of the team, a person who has completed
DMAIC-related training from the quality side, who knows the necessary project steps, and who can
use statistical analysis tools, was selected for the team leader, the relevant department manager who
provides support for the project was determined as a sponsor, and the laboratory analyst and specialist
working in the analyzes were selected among the other team members. Also, the process specialist
and manufacturing engineer were included as line owners. Team member's names are deleted from
the table due to the protection of personal data. It is seen in Figure 16.

Project Team/ Road Ma

Project Team

Function Name Org. Unit Phone E-mail
DMAIC Project Sponsor
DMAIC Project Leader
Team Member
PHASE August September  October  November
DEFINE [
MEASURE Gemmm——
ANALYZE @
IMPROVE (
CONTROL C—

Fig. 16. Project Team and Road Map

Then, the SIPOC tool was used, where the process steps were determined in general terms, the station
where the problem arose was taken into account, and each relevant supplier was determined not only
for the components but also for lines, people, or units. Specific inputs and outputs, requirements, and
measurement variables have been added. In addition, customers and customer expectations were
defined by taking VOC into account in this step.
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DEFINE

SIPOC

. Measured A Measured 2
Supplier . Requirement . Requirement Customer
Variable Variable
XX Line, MSA Less than 20% 'WGA Electrical Functions XX XX
Xx Cover Accarding 0 N XX
Drawing XX XX XX
According to PN XX .
Front End PCB Draving Assembly of WGA with
XX XX
all components
Maintenance PCB prssing tool According to TPM
Suppression PCB pressing Curve Suppression PCB press-in WGA Line
into cover XX
Qlab To perform daily NOK parts analysis Acc. Cover assembly
drawing
WGA Line

Housing /
Cover&Motor
Loading

Axles
Pressing

PCB pressing

Laser .
Welding —>{CE pressing [—»| EOL

Fig. 17. SIPOC of Project

As the last step of the define phase, the exact details of the problem were created using the 4W+2H
method. It can be seen in Figure 18.

DEFINE

4W + 2H Questions

Define the Problem Suppression PCB Pressing Failures

HO Waste Gate Actuator xx lines The problem is occuring in WGA at M40.
Suppression PCB pressing Failures CE pressing failures Issue is presented several technical issue
HER Plant XXX Customer Problem is occured at our AMS lines

Problem has been presented weekly,

CW31-Cw32 NA but CW31- and CW32 we got more

HO
5 218 1000 Reported from CW31 and CW32
HOW O weekly daily Problem is extented each week

Fig. 18. 4W+ 2H Questions
3.2. Measure Phase of the Study Project

At the measuring phase firstly process map is created for this project. The main processes are defined
for the WGA assembly production process, it is seen in Figure 19.
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MEASURE

Process Map

Assembled part Assembled part

Material received ’

Assembly of
components

1 t

V — Working S — Parameters of tool

instruction
K — Position of
components

R- Measurement of parts
V- Working instruction

Welded part

Pressing [ Welding [
= :> ':> -

S — Parameters of tool
R- Measurement of parts
V- Working instruction

Functional functions Electrical functions Store / Transporting to

|

Customer plant

S - [:>
1

V — Working instruction 'V — Working V- Receiving
K- Consumption of part instruction V - Customer
S- Packaging norm Feedback
Legend
- Value creating step R - Control variables

l:l Necessary, non-value creating
Unnecessary &

l:l non-value creating step

V - Standard Operation
Procedure SOPs

S - Noise factor

K - Critical variable

Fig. 19. WGA Assembly Production Process Map [18]

Suppression PCB pressing failures appear during the pressing check process. Then to answer the
questions which are mentioned above short-term capability and MSA measurements were done, and
result reports were checked. For the short-term capability measurement, 50 pcs parts were produced
and then measurement was done by a quality analysis specialist according to the drawing requirement.
After that, this measurement dataset was used to create a capability report by using the Qs-Stat
software program. As seen in Figure 20 short-term capability result was found as a NOK for this
process. All measured values were found in the limit but after calculation Cpk value was found less
than 1,67 which means that the system is not capable according to the company definition. Changes
in proficiency measures may generally be caused by the following factors: machine, measurement,

operator, material, environment, and method.
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Fig. 20. Short-term Capability Report

During this process at this pressing check station, there is an AOI system that automatically checks
100% visually. This visual check means that the system is measuring pin height after pins are pressed
into the PCB. That’s why to perform MSA measurement, the attributive MSA method was used. For
this measurement 20 pcs OK and NOK parts are taken and measured at the station by AOI system.
As a next step data are entered into the SOLARA software system to get the result of the MSA report.
The MSA report is found as an OK as it is seen in Figure 21.
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Fig. 21. Measurement System Analysis

Measurements of cylindricity and position were made on three holes in each of the ten randomly
chosen printed circuit boards (PCBs) for a comprehensive analysis. The observations showed that
each PCB hole's cylindricity satisfied the required standards and that the holes' placements were all
within the allowed ranges. Ten random housings were ordered at the same time by using a 3D device
to measure pin heights and positions in compliance with the specifications shown in the drawings. It
was discovered after this assessment that four pin sites' positional precision along the x-axis just
barely surpassed the predetermined bounds. However, it was observed that these point parts went out
of the limit with a very small value of 0.002, (due to the confidentiality reason, result of measurement
not being presented) as a consequence of the 3D machine having the ability to make very precise
measurements and there was a deviation approval previously taken within this limit tolerance. In other
words, it was decided that such small value differences should be accepted and not taken as the root
cause. Measurement results were placed into the table and presented in Figure 22.

Measurement- PCB Related Measurement- PCB Related

1 2|3 4 5/6 |7 /|89 |10 1 2 3/4/|5 6 7 8 9 [10
PCBI1 H. Cilindirity | OK | OK | OK | OK | OK | OK | OK | OK | OK | OK Pinl | OK | Ok |OK|OK [OK | OK | OK | OK | OK |OK
PPCB2 H. Cilindirity | OK | OK | OK | OK | OK | OK | OK | OK | OK | OK Pin2 | OK | OK |OK|OK [OK | OK | OK | OK | OK |OK
PCB3 H. Cilindirity | OK | OK | OK | OK | OK | OK | OK | OK | OK | OK Pin3 | OK | OK |OK|OK | OK | OK | OK | OK | OK |OK
PCB1 H. X OK | OK | OK | OK | OK | OK | OK | OK | OK | OK PinlX | K Sg%hlt(ly OK | OK | OK | OK Sg%)hlt(ly Sg%)h]t(ly Sg%hlt(ly OK
PCB2 H. X OK | OK | OK | OK | OK | OK | OK | OK | OK | OK Pin2X | OK | OK |OK|OK |OK | OK | OK | OK | OK |OK
PCB3 H. X OK [ OK | OK | OK | OK | OK | OK | OK | OK | OK Pin3X | OK | 0K |OK [OK |OK | OK | OK | OK | OK |OK
PCB1H.Y OK |OK |OK | OK [ OK [ OK | OK | OK | OK | OK PinlY | OK | OK [OK |[OK | OK | OK | OK OK OK |OK
PCB2 H.Y OK | OK | OK | OK [ OK | OK | OK | OK | OK | OK Pin2Y | OK | OK |OK|OK |OK | OK | OK | OK | OK |OK
PCB3 H.Y OK [ OK | OK [ OK | OK | OK | OK | OK | OK | OK Pin3Y | OK | OK |OK|OK [OK | OK | OK | OK | OK |OK

Fig. 22. PCB and Pin Measurement Result
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3.3. Analyze Phase of the Study Project

After all these measurements and findings Ishikawa diagram was created with the team to find
possible root causes for Suppression PCB failure. All causes are evaluated and possible effects are
written as low, medium, and high. According to the Ishikawa diagram possible high causes are found
in incorrect cover pin position or incorrect tool position and presented in Figure 23.

g
Ishikawa Diagram
Material Method Machine
. Incorrect tool position [l
Incorrect suppression PCB O In . t
dimensions correcimanienance Incorrect WPC position [l
Incotjrect cover pin [} Lack of maintenance [l Unexpected shutdown in g
dimensions .
Incorrect cover pin positions [l \ High SCRAP rate for

Suppression PCB Pressing

Contamination on cover W Failures
Lack of training [l
Contamination on PCB [l Cover pin height
Lack of skill (inspection) [ Contamination in station [
Ranking
L

Men Envmmment Measure

Fig. 23. Ishikawa Diagram for Suppression Failure
3.4. Improve and Control Phase of the Study Project

At this stage, each hypothesis was examined respectively. The first hypothesis that the incorrect cover
pin position, so it was decided to first experiment with 5 pieces. For the trial, one pin from each of
these 5 cover pieces was slightly bent, and then these pieces were processed manually. The purpose
of this trial was to test whether the same curve could be obtained. When the curves created were
checked, it was observed that the small peak that appeared at the very beginning of the process as it
was given our problem was formed in the same way in this trial. Results are presented in Figure 24.

Fig. 24. Design of Experiment Result
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Besides this another trial was done to check if the pin was bent too much instead of slightly what
would be the pressing force curve. As seen in Figure 25 different graph was observed, due to the
process not being performed as it should be done. Since the pin bent too much then even the pin is
not going through into the PCB hole at all. Due to this at the beginning of the process, more force
was applied than process limits during the pressing operation. This trial result shows that a bigger
deviation on any cover pin causes a different curve than the under consideration problem.

Fig. 25. Design of Experiment Result

In addition, in the cover pin position measurements, it was seen that 4 out of 10 covers were in an
out-of-limit position, albeit slightly. In other words, evidence has been provided that the root cause
is that the products sent by the supplier are slightly out of the limit. Although theoretically, the
dimensions of the parts were outside the limits, there were two obstacles in practice in this study. The
first obstacle may be caused by such small deviations due to measurement uncertainties or different
device sensitivities. This causes a situation that requires a long time in the agreement with the
supplier, but at the same time may cause the line to stop, and therefore the customer line to stop. And
this is not desired because it is a painful process for both parties. The second obstacle is that this
company is an international company, supplier agreements are made globally, and all plants are
supplied with products of the same standards from the same suppliers. However, there are slight
changes in the lines in different plants. This means that while such small differences do not affect
production in some plants, they can cause serious production errors in others. In addition, these plants
accept deviation approval in cases where small limit changes do not cause problems in the line and
product, making it quite impossible for other plants in our situation to reach an agreement with the
supplier and request improvements. Therefore, the best solution is to quickly adapt to such non-
critical situations. For this reason, during the brainstorming session with the team, it was decided that
such errors could be eliminated if position adjustments could be made to the tool. However, the
existing tool did not allow such adjustments to be made. Therefore, it was decided to make changes
to the tool design and use an adjustable tool. The second hypothesis is found as an incorrect tool
position. Same as the first hypothesis 5 pieces part were taken for the trial. Then the tool position was
shifted for trial and these parts were produced as usual. The same peak was seen at the curve as a
solution ordering a new adjustable tool was decided by the DMAIC team. It can be seen in Figure 24.
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Subtitle

Cause Description Solution description Detailed description Impact
Incorrect cover pin position Suppliers may deliver slightly out-of-limit parts which is not critical for product safety or
Adiustable tool functionality. Due to coming over that kind of situation quickly, the tool position should High
) be adjustable. PCB pressing surface which includes pins at the exact position should be s
movable.
Incorrect tool position The tool position can be incorrect or shifted due to different reasons. Even if all pin
Adjustable tool positions are in limit, then still, all pins are shifted which causes that kind of pik at the High
) beginning of the process. That’s why to solve all these kinds of situations tool should be e
adjustable.
Incorrect suppression PBC hole R All PCB hole dimensions are in limit and OK position, even if not then a different type of Low
dimensions curve occurs, and this hypothesis is not the case.

Fig. 25. Hypothesis and Solution

The design change was done on the tool drawing by internal process experts, and then it was ordered
and delivered in 2 weeks. After that for the tool acceptance, the tool was implemented into the line,
and 50 pcs parts were produced with a new tool after all adjustments. While waiting for the capability
result line was not running with the new tool so switched to the old tool. When all measurements
were done, and again short-term capability report was prepared, and found that the process was
capable. Cpk value was found bigger than 1,67 as was expected, as seen in Figure 25.
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The last DMAIC step was the sustainability check. After the tool was accepted, the system was
monitored from beginning of the November till to end, and the production amount and scrap amount
produced for approximately 1 month were collected. According to this newly collected dataset, it was
observed that the amount of production was 50232 pcs in this WGA line during this tracking time.
And only 2 pcs Suppression PCB pressing failures were gotten. This result is better than the target
value which was settled at the beginning of the project Define phase as 5 pcs/week. FYP was
calculated for this station for 1 month as 99.99% which is the desired result.

3.5. Chapter of Summary

The chapter's main goal was to use the DMAIC technique to reduce Suppression PCB pressing scrap
in Company "X"'s WGA assembly manufacturing line. The high scrap rate and its financial
ramifications were the research problem. The Define, Measure, Analyze, Improve, and Control
phases comprised the DMAIC framework, which served as the foundation for the study's fundamental
design. A project team was assembled, and the project's scope, requirements, and clients were spelled
out in detail during the Define phase. Capability measurements and MSA were used in the Measure
phase to assess process performance and identify areas for improvement. Root causes are
characterized by the identification of erroneous tool and cover pin positions during the Analyze phase.
Testing hypotheses during the Improve phase resulted in the decision to modify the tool's design. The
capacity to adapt a tool was enhanced by its implementation. Monitoring the system and maintaining
enhancements were the main goals of the Control phase. The main conclusions showed that
Suppression PCB pressing failures had significantly decreased, exceeding the original goal. The
project's goals were successfully accomplished via the DMAIC technique, which is distinguished by
a methodical approach and continuous improvement, improving process performance as well as
financial advantages. The significance of organized problem-solving approaches in addressing
production difficulties, enhancing product quality, and guaranteeing economic sustainability is
highlighted by the research findings, which have great value for manufacturing organizations. The
work adds to the body of knowledge on using DMAIC in practical industrial settings and offers
guidance to researchers and practitioners looking for effective ways to address production-related
problems.
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4. Possible Financial Gain of the Proposed Solution

The primary goal of every manufacturing business is to turn a profit, which is a statistic that is closely
linked to the cost of production. Establishing a competitive pricing strategy that guarantees economic
sustainability requires striking the ideal balance between cost and product quality. In order to attain
this delicate balance, it becomes necessary for the company to draw upon internal resources that
support the improvement of production process effectiveness. Encouraging improvements in quality,
general efficiency, and process optimization should be the primary focus of any strategic changes
implemented within the manufacturing processes. As a result, these initiatives not only improve the
company's goods' standing and market impression but also considerably boost profitability.

Opportunities to simplify quality control intervals arise when a manufacturing organization is resolute
in its commitment to continual improvement. This phenomenon stems from the idea that process
monitoring ongoing and stability enhancement eliminates the need for extensive quality inspection.
The effectiveness of continuous improvement initiatives is demonstrated by the DMAIC project
implemented by Company "X," as detailed in this extensive research. The reduction of Suppression
PCB pressing scrap at the WGA line, which led to a significant improvement in process performance,
was one of the project's particular goals.

The DMAIC framework allowed for a thorough analysis that demonstrated a high level of process
control and efficiency. The concrete results of this project go beyond simple process improvement;
as will be discussed in more detail in the next sections of this chapter. This strong commitment to
ongoing improvement highlights the organization's proactive approach to responding to changing
market conditions and demonstrates its commitment to excellence. Besides all this, this project was
not providing only financial gain but also environmental gain. Since the failures continue, then 218
pcs PCB and plastic housing which is not possible to recycle or reuse due to commercial reasons
would be wasted every 2 weeks. Wasting energy sources during these failures is also not preferable
for the circular economy. Furthermore, by eliminating material waste and encouraging
environmentally friendly production methods, lowering the scrap rate is consistent with sustainable
manufacturing practices from an environmental standpoint.

4.1. Financial Gain Calculation for the Proposed Solution

It is essential to first identify the direct and indirect expenses associated with this failure during the
project's cost calculation phase. Although the most important cost item is component costs which was
presented at Table 3.

Table 3. Cost Analyses for Component

Cost Reason Cost Amount Total Cost

(per pcs) (for 2 weeks-Eur)
Component- Cover 1,1%* 218 239.8
Component- PCB 1,5% 218 327
Total =567

*This price amount is reported according to general component prices; the exact company
component price was not taken due to commercial confidentiality.
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It has been observed that there are also other non-direct costs. One of them, all parts that split to the
Suppression station on the manufacturing line are taken away from the line due to the fact that have
been classified as Non-OK (NOK), with rework being impossible, so are included in the cost
computation. In accordance with the business quality process, the NOK components that are ejected
from the line are also submitted to the laboratory for analysis. As a result, the appropriate laboratory
analyst must spend time reporting and making the required measurements; this time expense is
accounted for in the cost calculations as an indirect cost. In addition, once the laboratory analyst
reports, the quality supervisor accounts for the time spent on error analysis. The time the laboratory
specialist spent doing extra measurements for a thorough analysis is also included. This includes the
time spent on measurement-related equipment, the energy costs associated with this equipment, the
time the line technician spends transferring NOK parts for analysis, the cycle time loss the line
experiences during producing NOK parts, downtime from a series of errors that cause the line to stop,
and the time maintenance or process experts spend on tasks that indirectly affect costs. For all these
components, a basic assumption is made regarding their costs. In the worst-case situation, expenses
might occur from not being able to create enough goods in a timely manner to fulfill consumer
demands, which could lead to production that is profitable or even penalty charges from line
stoppages. In addition, additional effort needed to satisfy requests may result in staff and other
expenses. However, since the manageable number of failures is taken into consideration, it is
determined not to include these in the research. The suggested solution, however, includes changing
the design of the tool internally. This entails paying for expert working hours, tool fees, line downtime
for tool installation, and, lastly, the expert working hours in the laboratory needed to perform the
acceptance capability test measurements. Assumptions regarding the energy consumption of the
measuring equipment are also included. All the above-mentioned costs are placed in Table 4.
Calculation is done based on 2 weeks.

Table 4. Analysis and Indirect Cost

Cost Reason Cost (per/hour) Duration (hours) Total Cost
(for 2 weeks-Eur)
Analyses Cost 30 1 30
Lab- Specialist hour cost 50 2 100
Quality- Specialist hour cost 50 2 100
Other Estimated indirect cost 200 total 200
Total 430

In order to conduct a feasibility analysis, the tool price and the one-time costs required to implement
this tool on the line were also calculated and placed in Table 5.

Table 5. Cost Analyses for Solution and Comparison

Cost Reason Cost Unit
Tool Price 2000 Euro
Quality- Specialist hour cost 200 Euro per hour
Other Estimated indirect cost 100 Euro
Total Solution Cost 2300 Euro
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The scrap amount was reduced dramatically which was from 218 to 5 as stated in the table above
after the tool update implementation. The tooling investment is only for 2300 Euro to reduce the scrap
cost from 997 Euro to 3.3 Euro (the initial target was 5 pcs of scrap for one week, but 3 pcs of scrap
recorder for one month of production) by spending 2300 Euro as tool investment cost. Due to the
recorded results, the tool has 4.6 weeks of payback time. For all these reasons, the project solution
was found feasible for the implementation.

4.2. Chapter Summary

The objective of this investigation was to tackle the research issue of diminishing Suppression PCB
pressing waste in the WGA assembly line at Company "X." Using the DMAIC methodology, the
research concentrated on the overarching goal of improving process performance and generating
financial advantages via initiatives for continuous improvement. The study's fundamental design
comprised a thorough examination of the manufacturing process using instruments including the
Ishikawa diagram, process maps, capability measures, project charter, SIPOC, and MSA. The main
conclusions showed that applying the suggested approach significantly reduced the amount of
Suppression PCB pressing scrap, which went from 218 pieces in 2 weeks to only 2 pieces in 1 month.
The financial gain estimate showed that the tool cost for the solution would be repaid in 4.6 weeks
by accounting for both direct and indirect expenditures related to the failure. A thorough evaluation
of component costs, analytical expenses, and indirect costs supported this financial sustainability.
According to the study's findings, the initiative not only met its financial objectives but also made a
material waste reduction contribution to environmental sustainability. The interpretations
demonstrate how well programs for continuous improvement may increase process control and
efficiency. Finally, the DMAIC project at Company "X" highlights the importance of findings for
both financial and environmental considerations in the context of automated assembly production and
offers insightful information about reducing manufacturing scrap.
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Conclusions

This study focused on the development of the Wastegate Actuator assembly production process by
DMAIC quality improvement approach. The DMAIC technique was methodically used to enable a

more systematic and cohesive analysis, which helped to ensure that the study's stated objectives were
completed quickly and effectively. The conclusions that follow are reached:

1.

An essential part that controls the turbocharger valve and affects boost pressure and engine torque
is the wastegate actuator. The engine's total efficiency and power output are directly impacted by
the accuracy and dependability of the assembling process. The Wastegate Actuator assembly
production process is a technological and complex manufacturing process due to fulfilling
customer requirements not only at each station but also during the whole process. Company X
uses advanced technology in its WGA assembly production line, using an Automated Mounting
System for mass production. The line comprises nine modules, with Automated Optical
Inspection checkpoints and camera and laser sensor systems for compliance.

Several statistical tools and techniques were applied methodically throughout the DMAIC phases.
A comprehensive evaluation of the scrap rate is made possible by statistical analysis, which also
aids in spotting trends, patterns, and possible sources of defects. By identifying fault-prone
locations in the assembly process, statistical analysis enables manufacturers to cut costs and
execute remedial actions. The efficacy and efficiency of the assembly process may be determined
by analyzing the scrap rate. Processes may be made more efficient and productive overall by
concentrating optimization efforts on the stages or components that have the highest frequency of
faults.

Suppression PCB pressing failures in the WGA assembly process were effectively discovered,
rectified, and minimized by using the DMAIC technique methodically through each phase. The
analysis phase involved creating an Ishikawa diagram with the project team to identify possible
root causes of Suppression PCB failures, resulting in high potential causes such as incorrect cover
pin location or tool location. As a solution, it was suggested to change the tool design and switch
to an adjustable tool. During the project's define phase, the goal was to reduce the amount of 218
scraps produced in a two-week period to a weekly target of 5 pieces. The executed solution,
astonishingly, not only met but surpassed expectations, resulting in the generation of just 2 scraps
in a month, and producing an excellent result.

The results of the financial analysis indicated that the costs related to the newly created tool which
was suggested as the solution method would be recouped in 4.6 weeks. As a result, the project
proved financially feasible because the feasibility assessment showed that the tool cost would be
quickly recovered. This proves that investing in the suggested solution is highly justified given
the predicted cost savings and efficiency gains.
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Appendices

Appendix 1. CW31-CW32 Dataset

No DMC Last Station Status Date Line
3313 1.452E+13 05 Screw of the Fix Element Mod 20.4 Fail 8/11/2023 WGA
3314 1.452E+13 05 Screw of the Fix Element Mod 20.4 Fail 8/11/2023 WGA
3315 1.452E+13 05 Screw of the Fix Element Mod 20.4 Fail 8/11/2023 WGA
3316 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/11/2023 WGA
3317 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/11/2023 WGA
3318 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/11/2023 WGA
3319 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/11/2023 WGA
3320 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/11/2023 WGA
3321 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/11/2023 WGA
3322 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/11/2023 WGA
3323 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/11/2023 WGA
3324 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/11/2023 WGA
3325 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/11/2023 WGA
3326 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/11/2023 WGA
3327 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/11/2023 WGA
3328 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/11/2023 WGA
3329 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/11/2023 WGA
3330 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/11/2023 WGA
3331 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/11/2023 WGA
3332 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/11/2023 WGA
3333 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/11/2023 WGA
3334 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/11/2023 WGA
3335 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/11/2023 WGA
3336 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/11/2023 WGA
3337 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/11/2023 WGA
3338 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/11/2023 WGA
3339 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/11/2023 WGA
3340 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/11/2023 WGA
3341 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/11/2023 WGA
3342 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/11/2023 WGA
3343 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/11/2023 WGA
3344 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/11/2023 WGA
3345 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/11/2023 WGA
3346 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/11/2023 WGA
3347 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/11/2023 WGA
3348 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/11/2023 WGA
3349 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/11/2023 WGA
3350 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/11/2023 WGA
3351 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/11/2023 WGA
3352 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/11/2023 WGA
3353 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/11/2023 WGA
3354 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/11/2023 WGA
3355 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/11/2023 WGA
3356 1.452E+13 14 Connecting Element Pressing Mod 60. 1 Fail 8/11/2023 WGA
3357 1.452E+13 17 EOL 2 Mod 70 Fail 8/11/2023 WGA
3358 1.452E+13 18 EOL 3 Mod 70 Fail 8/11/2023 WGA
3359 1.452E+13 19 EOL 4 Mod 70 Fail 8/11/2023 WGA
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3360 1.452E+13 SCADA Booking Fail 8/11/2023 WGA
3361 1.452E+13 SCADA Booking Fail 8/11/2023 WGA
3362 1.452E+13 SCADA Booking Fail 8/11/2023 WGA
3363 1.452E+13 SCADA Booking Fail 8/11/2023 WGA
3364 1.452E+13 SCADA Booking Fail 8/11/2023 WGA
3365 1.452E+13 SCADA Booking Fail 8/11/2023 WGA
3366 1.452E+13 Scrap in Line Fail 8/11/2023 WGA
3367 1.452E+13 Scrap in Line Fail 8/11/2023 WGA
3368 1.452E+13 Scrap in Line Fail 8/11/2023 WGA
3369 1.452E+13 Scrap in Line Fail 8/11/2023 WGA
3370 1.452E+13 Scrap in Line Fail 8/11/2023 WGA
4019 1.452E+13 ITAC Booking Fail 8/10/2023 WGA
6477 1.452E+13 03 Axles Pressing Mod 20.1 Fail 8/10/2023 WGA
6478 1.452E+13 05 Screw of the Fix Element Mod 20.4 Fail 8/10/2023 WGA
6479 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/10/2023 WGA
6480 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/10/2023 WGA
6481 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/10/2023 WGA
6482 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/10/2023 WGA
6483 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/10/2023 WGA
6484 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/10/2023 WGA
6485 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/10/2023 WGA
6486 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/10/2023 WGA
6487 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/10/2023 WGA
6488 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/10/2023 WGA
6489 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/10/2023 WGA
6490 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/10/2023 WGA
6491 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/10/2023 WGA
6492 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/10/2023 WGA
6493 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/10/2023 WGA
6494 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/10/2023 WGA
6495 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/10/2023 WGA
6496 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/10/2023 WGA
6497 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/10/2023 WGA
6498 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/10/2023 WGA
6499 1.452E+13 07 Sensor PCB Pressing Mod 40.2 Fail 8/10/2023 WGA
6500 1.452E+13 14 Connecting Element Pressing Mod 60. 1 Fail 8/10/2023 WGA
6501 1.452E+13 15 Output Cover Laser Welding Mod 60.2 Fail 8/10/2023 WGA
6502 1.452E+13 15 Output Cover Laser Welding Mod 60.2 Fail 8/10/2023 WGA
6503 1.452E+13 15 Output Cover Laser Welding Mod 60.2 Fail 8/10/2023 WGA
6504 1.452E+13 15 Output Cover Laser Welding Mod 60.2 Fail 8/10/2023 WGA
6505 1.452E+13 15 Output Cover Laser Welding Mod 60.2 Fail 8/10/2023 WGA
6506 1.452E+13 15 Output Cover Laser Welding Mod 60.2 Fail 8/10/2023 WGA
6507 1.452E+13 15 Output Cover Laser Welding Mod 60.2 Fail 8/10/2023 WGA
6508 1.452E+13 16 EOL 1 Mod 70 Fail 8/10/2023 WGA
6509 1.452E+13 17 EOL 2 Mod 70 Fail 8/10/2023 WGA
6510 1.452E+13 17 EOL 2 Mod 70 Fail 8/10/2023 WGA
6511 1.452E+13 18 EOL 3 Mod 70 Fail 8/10/2023 WGA
6512 1.452E+13 19 EOL 4 Mod 70 Fail 8/10/2023 WGA
6513 1.452E+13 SCADA Booking Fail 8/10/2023 WGA
6514 1.452E+13 SCADA Booking Fail 8/10/2023 WGA
6515 1.452E+13 SCADA Booking Fail 8/10/2023 WGA
6516 1.452E+13 SCADA Booking Fail 8/10/2023 WGA
6517 1.452E+13 SCADA Booking Fail 8/10/2023 WGA
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6518 1.452E+13 SCADA Booking Fail 8/10/2023 WGA
6519 1.452E+13 SCADA Booking Fail 8/10/2023 WGA
6520 1.452E+13 SCADA Booking Fail 8/10/2023 WGA
6521 1.452E+13 SCADA Booking Fail 8/10/2023 WGA
6522 1.452E+13 SCADA Booking Fail 8/10/2023 WGA
6523 1.452E+13 SCADA Booking Fail 8/10/2023 WGA
6524 1.452E+13 SCADA Booking Fail 8/10/2023 WGA
6525 1.452E+13 SCADA Booking Fail 8/10/2023 WGA
6526 1.452E+13 SCADA Booking Fail 8/10/2023 WGA
6527 1.452E+13 Scrap in Line Fail 8/10/2023 WGA
6528 1.452E+13 Scrap in Line Fail 8/10/2023 WGA
6529 1.452E+13 Scrap in Line Fail 8/10/2023 WGA
6530 1.452E+13 ITAC Booking Fail 8/10/2023 WGA
10523 | 1.452E+13 08 Screw the PCB into HG Mod 40.3 Fail 8/9/2023 WGA
10524 | 1.452E+13 08 Screw the PCB into HG Mod 40.3 Fail 8/9/2023 WGA
10525 1.452E+13 14 Connecting Element Pressing Mod 60. 1 Fail 8/9/2023 WGA
10526 | 1.452E+13 14 Connecting Element Pressing Mod 60. 1 Fail 8/9/2023 WGA
10527 | 1.452E+13 14 Connecting Element Pressing Mod 60. 1 Fail 8/9/2023 WGA
10528 | 1.452E+13 14 Connecting Element Pressing Mod 60. 1 Fail 8/9/2023 WGA
10529 | 1.452E+13 16 EOL 1 Mod 70 Fail 8/9/2023 WGA
10530 | 1.452E+13 16 EOL 1 Mod 70 Fail 8/9/2023 WGA
10531 | 1.452E+13 16 EOL 1 Mod 70 Fail 8/9/2023 WGA
10532 | 1.452E+13 16 EOL 1 Mod 70 Fail 8/9/2023 WGA
10533 | 1.452E+13 16 EOL 1 Mod 70 Fail 8/9/2023 WGA
10534 | 1.452E+13 16 EOL 1 Mod 70 Fail 8/9/2023 WGA
10535 | 1.452E+13 16 EOL 1 Mod 70 Fail 8/9/2023 WGA
10536 | 1.452E+13 16 EOL 1 Mod 70 Fail 8/9/2023 WGA
10537 | 1.452E+13 16 EOL 1 Mod 70 Fail 8/9/2023 WGA
10538 | 1.452E+13 16 EOL 1 Mod 70 Fail 8/9/2023 WGA
10539 | 1.452E+13 17 EOL 2 Mod 70 Fail 8/9/2023 WGA
10540 | 1.452E+13 17 EOL 2 Mod 70 Fail 8/9/2023 WGA
10541 | 1.452E+13 17 EOL 2 Mod 70 Fail 8/9/2023 WGA
10542 | 1.452E+13 17 EOL 2 Mod 70 Fail 8/9/2023 WGA
10543 | 1.452E+13 17 EOL 2 Mod 70 Fail 8/9/2023 WGA
10544 | 1.452E+13 18 EOL 3 Mod 70 Fail 8/9/2023 WGA
10545 | 1.452E+13 18 EOL 3 Mod 70 Fail 8/9/2023 WGA
10546 | 1.452E+13 18 EOL 3 Mod 70 Fail 8/9/2023 WGA
10547 | 1.452E+13 18 EOL 3 Mod 70 Fail 8/9/2023 WGA
10548 | 1.452E+13 18 EOL 3 Mod 70 Fail 8/9/2023 WGA
10549 | 1.452E+13 18 EOL 3 Mod 70 Fail 8/9/2023 WGA
10550 | 1.452E+13 18 EOL 3 Mod 70 Fail 8/9/2023 WGA
10551 | 1.452E+13 18 EOL 3 Mod 70 Fail 8/9/2023 WGA
10552 | 1.452E+13 18 EOL 3 Mod 70 Fail 8/9/2023 WGA
10553 | 1.452E+13 19 EOL 4 Mod 70 Fail 8/9/2023 WGA
10554 | 1.452E+13 19 EOL 4 Mod 70 Fail 8/9/2023 WGA
10555 | 1.452E+13 19 EOL 4 Mod 70 Fail 8/9/2023 WGA
10556 | 1.452E+13 19 EOL 4 Mod 70 Fail 8/9/2023 WGA
10557 | 1.452E+13 Scrap in Line Fail 8/9/2023 WGA
10558 | 1.452E+13 Scrap in Line Fail 8/9/2023 WGA
10559 | 1.452E+13 ITAC Booking Fail 8/9/2023 WGA
10560 | 1.452E+13 ITAC Booking Fail 8/9/2023 WGA
15253 | 1.452E+13 08 Screw the PCB into HG Mod 40.3 Fail 8/8/2023 WGA
15254 | 1.452E+13 08 Screw the PCB into HG Mod 40.3 Fail 8/8/2023 WGA
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15255 1.452E+13 14 Connecting Element Pressing Mod 60. 1 Fail 8/8/2023 WGA
15256 | 1.452E+13 14 Connecting Element Pressing Mod 60. 1 Fail 8/8/2023 WGA
15257 | 1.452E+13 16 EOL 1 Mod 70 Fail 8/8/2023 WGA
15258 | 1.452E+13 16 EOL 1 Mod 70 Fail 8/8/2023 WGA
15259 | 1.452E+13 16 EOL 1 Mod 70 Fail 8/8/2023 WGA
15260 | 1.452E+13 16 EOL 1 Mod 70 Fail 8/8/2023 WGA
15261 1.452E+13 16 EOL 1 Mod 70 Fail 8/8/2023 WGA
15262 | 1.452E+13 16 EOL 1 Mod 70 Fail 8/8/2023 WGA
15263 | 1.452E+13 17 EOL 2 Mod 70 Fail 8/8/2023 WGA
15264 | 1.452E+13 17 EOL 2 Mod 70 Fail 8/8/2023 WGA
15265 | 1.452E+13 17 EOL 2 Mod 70 Fail 8/8/2023 WGA
15266 | 1.452E+13 17 EOL 2 Mod 70 Fail 8/8/2023 WGA
15267 | 1.452E+13 17 EOL 2 Mod 70 Fail 8/8/2023 WGA
15268 | 1.452E+13 18 EOL 3 Mod 70 Fail 8/8/2023 WGA
15269 | 1.452E+13 18 EOL 3 Mod 70 Fail 8/8/2023 WGA
15270 | 1.452E+13 18 EOL 3 Mod 70 Fail 8/8/2023 WGA
15271 1.452E+13 18 EOL 3 Mod 70 Fail 8/8/2023 WGA
15272 | 1.452E+13 18 EOL 3 Mod 70 Fail 8/8/2023 WGA
15273 | 1.452E+13 18 EOL 3 Mod 70 Fail 8/8/2023 WGA
15274 | 1.452E+13 18 EOL 3 Mod 70 Fail 8/8/2023 WGA
15275 | 1.452E+13 18 EOL 3 Mod 70 Fail 8/8/2023 WGA
15276 | 1.452E+13 18 EOL 3 Mod 70 Fail 8/8/2023 WGA
15277 | 1.452E+13 18 EOL 3 Mod 70 Fail 8/8/2023 WGA
15278 | 1.452E+13 18 EOL 3 Mod 70 Fail 8/8/2023 WGA
15279 | 1.452E+13 18 EOL 3 Mod 70 Fail 8/8/2023 WGA
15280 | 1.452E+13 18 EOL 3 Mod 70 Fail 8/8/2023 WGA
15281 1.452E+13 18 EOL 3 Mod 70 Fail 8/8/2023 WGA
15282 | 1.452E+13 18 EOL 3 Mod 70 Fail 8/8/2023 WGA
15283 | 1.452E+13 19 EOL 4 Mod 70 Fail 8/8/2023 WGA
15284 | 1.452E+13 19 EOL 4 Mod 70 Fail 8/8/2023 WGA
15285 | 1.452E+13 19 EOL 4 Mod 70 Fail 8/8/2023 WGA
15286 | 1.452E+13 19 EOL 4 Mod 70 Fail 8/8/2023 WGA
15287 | 1.452E+13 SCADA Booking Fail 8/8/2023 WGA
15288 | 1.452E+13 SCADA Booking Fail 8/8/2023 WGA
15289 | 1.452E+13 SCADA Booking Fail 8/8/2023 WGA
15290 | 1.452E+13 SCADA Booking Fail 8/8/2023 WGA
15291 1.452E+13 SCADA Booking Fail 8/8/2023 WGA
15292 | 1.452E+13 SCADA Booking Fail 8/8/2023 WGA
15293 1.452E+13 Scrap in Line Fail 8/8/2023 WGA
15294 | 1.452E+13 Scrap in Line Fail 8/8/2023 WGA
15295 1.452E+13 Scrap in Line Fail 8/8/2023 WGA
15720 | 1.452E+13 05 Screw of the Fix Element Mod 20.4 Fail 8/7/2023 WGA
15721 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/7/2023 WGA
15722 | 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/7/2023 WGA
15723 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/7/2023 WGA
15724 | 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/7/2023 WGA
15725 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/7/2023 WGA
15726 | 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/7/2023 WGA
15727 | 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/7/2023 WGA
15728 | 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/7/2023 WGA
15729 | 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/7/2023 WGA
15730 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/7/2023 WGA
15731 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/7/2023 WGA
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15732 | 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/7/2023 WGA
15733 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/7/2023 WGA
15734 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/7/2023 WGA
15735 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/7/2023 WGA
15736 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/7/2023 WGA
15737 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/7/2023 WGA
15738 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/7/2023 WGA
15739 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/7/2023 WGA
15740 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/7/2023 WGA
15741 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/7/2023 WGA
15742 | 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/7/2023 WGA
15743 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/7/2023 WGA
15744 | 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/7/2023 WGA
15745 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/7/2023 WGA
15746 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/7/2023 WGA
15747 | 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/7/2023 WGA
15748 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/7/2023 WGA
15749 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/7/2023 WGA
15750 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/7/2023 WGA
15751 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/7/2023 WGA
15752 | 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/7/2023 WGA
15753 1.452E+13 07 Sensor PCB Pressing Mod 40.2 Fail 8/7/2023 WGA
15754 | 1.452E+13 08 Screw the PCB into HG Mod 40.3 Fail 8/7/2023 WGA
15755 1.452E+13 14 Connecting Element Pressing Mod 60. 1 Fail 8/7/2023 WGA
15756 | 1.452E+13 14 Connecting Element Pressing Mod 60. 1 Fail 8/7/2023 WGA
15757 | 1.452E+13 15 Output Cover Laser Welding Mod 60.2 Fail 8/7/2023 WGA
15758 | 1.452E+13 15 Output Cover Laser Welding Mod 60.2 Fail 8/7/2023 WGA
15759 | 1.452E+13 15 Output Cover Laser Welding Mod 60.2 Fail 8/7/2023 WGA
15760 | 1.452E+13 15 Output Cover Laser Welding Mod 60.2 Fail 8/7/2023 WGA
15761 1.452E+13 15 Output Cover Laser Welding Mod 60.2 Fail 8/7/2023 WGA
15762 | 1.452E+13 15 Output Cover Laser Welding Mod 60.2 Fail 8/7/2023 WGA
15763 1.452E+13 15 Output Cover Laser Welding Mod 60.2 Fail 8/7/2023 WGA
15764 | 1.452E+13 15 Output Cover Laser Welding Mod 60.2 Fail 8/7/2023 WGA
15765 | 1.452E+13 16 EOL 1 Mod 70 Fail 8/7/2023 WGA
15766 | 1.452E+13 17 EOL 2 Mod 70 Fail 8/7/2023 WGA
15767 | 1.452E+13 17 EOL 2 Mod 70 Fail 8/7/2023 WGA
15768 | 1.452E+13 18 EOL 3 Mod 70 Fail 8/7/2023 WGA
15769 | 1.452E+13 18 EOL 3 Mod 70 Fail 8/7/2023 WGA
15770 | 1.452E+13 18 EOL 3 Mod 70 Fail 8/7/2023 WGA
15771 1.452E+13 18 EOL 3 Mod 70 Fail 8/7/2023 WGA
15772 | 1.452E+13 19 EOL 4 Mod 70 Fail 8/7/2023 WGA
15773 1.452E+13 20 Station Laser Marking/NOK Mod 70.5 Fail 8/7/2023 WGA
15774 | 1.452E+13 SCADA Booking Fail 8/7/2023 WGA
15775 | 1.452E+13 SCADA Booking Fail 8/7/2023 WGA
15776 1.452E+13 Scrap in Line Fail 8/7/2023 WGA
15777 | 1.452E+13 Scrap in Line Fail 8/7/2023 WGA
15778 1.452E+13 Scrap in Line Fail 8/7/2023 WGA
19971 1.452E+13 05 Screw of the Fix Element Mod 20.4 Fail 8/4/2023 WGA
19972 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/4/2023 WGA
19973 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/4/2023 WGA
19974 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/4/2023 WGA
19975 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/4/2023 WGA
19976 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/4/2023 WGA
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19977 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/4/2023 WGA
19978 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/4/2023 WGA
19979 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/4/2023 WGA
19980 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/4/2023 WGA
19981 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/4/2023 WGA
19982 | 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/4/2023 WGA
19983 | 1.452E+13 16 EOL 1 Mod 70 Fail 8/4/2023 WGA
19984 | 1.452E+13 17 EOL 2 Mod 70 Fail 8/4/2023 WGA
19985 | 1.452E+13 17 EOL 2 Mod 70 Fail 8/4/2023 WGA
19986 | 1.452E+13 18 EOL 3 Mod 70 Fail 8/4/2023 WGA
19987 | 1.452E+13 18 EOL 3 Mod 70 Fail 8/4/2023 WGA
19988 | 1.452E+13 18 EOL 3 Mod 70 Fail 8/4/2023 WGA
19989 | 1.452E+13 18 EOL 3 Mod 70 Fail 8/4/2023 WGA
19990 | 1.452E+13 18 EOL 3 Mod 70 Fail 8/4/2023 WGA
19991 1.452E+13 18 EOL 3 Mod 70 Fail 8/4/2023 WGA
19992 | 1.452E+13 18 EOL 3 Mod 70 Fail 8/4/2023 WGA
19993 | 1.452E+13 19 EOL 4 Mod 70 Fail 8/4/2023 WGA
19994 | 1.452E+13 20 Station Laser Marking/NOK Mod 70.5 Fail 8/4/2023 WGA
19995 1.452E+13 20 Station Laser Marking/NOK Mod 70.5 Fail 8/4/2023 WGA
23212 | 1.452E+13 03 Axles Pressing Mod 20.1 Fail 8/3/2023 WGA
23213 1.452E+13 05 Screw of the Fix Element Mod 20.4 Fail 8/3/2023 WGA
23214 | 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/3/2023 WGA
23215 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/3/2023 WGA
23216 | 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/3/2023 WGA
23217 | 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/3/2023 WGA
23218 | 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/3/2023 WGA
23219 | 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/3/2023 WGA
23220 | 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/3/2023 WGA
23221 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/3/2023 WGA
23222 | 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/3/2023 WGA
23223 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/3/2023 WGA
23224 | 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/3/2023 WGA
23225 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/3/2023 WGA
23226 | 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/3/2023 WGA
23227 | 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/3/2023 WGA
23228 | 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/3/2023 WGA
23229 | 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/3/2023 WGA
23230 | 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/3/2023 WGA
23231 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/3/2023 WGA
23232 | 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/3/2023 WGA
23233 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/3/2023 WGA
23234 | 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/3/2023 WGA
23235 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/3/2023 WGA
23236 | 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/3/2023 WGA
23237 1.452E+13 07 Sensor PCB Pressing Mod 40.2 Fail 8/3/2023 WGA
23238 1.452E+13 07 Sensor PCB Pressing Mod 40.2 Fail 8/3/2023 WGA
23239 1.452E+13 07 Sensor PCB Pressing Mod 40.2 Fail 8/3/2023 WGA
23240 1.452E+13 07 Sensor PCB Pressing Mod 40.2 Fail 8/3/2023 WGA
23241 1.452E+13 07 Sensor PCB Pressing Mod 40.2 Fail 8/3/2023 WGA
23242 1.452E+13 07 Sensor PCB Pressing Mod 40.2 Fail 8/3/2023 WGA
23243 1.452E+13 07 Sensor PCB Pressing Mod 40.2 Fail 8/3/2023 WGA
23244 | 1.452E+13 07 Sensor PCB Pressing Mod 40.2 Fail 8/3/2023 WGA
23245 1.452E+13 07 Sensor PCB Pressing Mod 40.2 Fail 8/3/2023 WGA

57



23246 1.452E+13 07 Sensor PCB Pressing Mod 40.2 Fail 8/3/2023 WGA
23247 1.452E+13 07 Sensor PCB Pressing Mod 40.2 Fail 8/3/2023 WGA
23248 1.452E+13 07 Sensor PCB Pressing Mod 40.2 Fail 8/3/2023 WGA
23249 1.452E+13 07 Sensor PCB Pressing Mod 40.2 Fail 8/3/2023 WGA
23250 | 1.452E+13 07 Sensor PCB Pressing Mod 40.2 Fail 8/3/2023 WGA
23251 1.452E+13 07 Sensor PCB Pressing Mod 40.2 Fail 8/3/2023 WGA
23252 | 1.452E+13 07 Sensor PCB Pressing Mod 40.2 Fail 8/3/2023 WGA
23253 1.452E+13 16 EOL 1 Mod 70 Fail 8/3/2023 WGA
23254 | 1.452E+13 17 EOL 2 Mod 70 Fail 8/3/2023 WGA
23255 1.452E+13 17 EOL 2 Mod 70 Fail 8/3/2023 WGA
23256 | 1.452E+13 18 EOL 3 Mod 70 Fail 8/3/2023 WGA
23257 | 1.452E+13 18 EOL 3 Mod 70 Fail 8/3/2023 WGA
23258 | 1.452E+13 18 EOL 3 Mod 70 Fail 8/3/2023 WGA
23259 | 1.452E+13 19 EOL 4 Mod 70 Fail 8/3/2023 WGA
23260 | 1.452E+13 SCADA Booking Fail 8/3/2023 WGA
23261 1.452E+13 SCADA Booking Fail 8/3/2023 WGA
23262 | 1.452E+13 SCADA Booking Fail 8/3/2023 WGA
23263 1.452E+13 Dropped Fail 8/3/2023 WGA
24968 1.452E+13 05 Screw of the Fix Element Mod 20.4 Fail 8/2/2023 WGA
24969 1.452E+13 05 Screw of the Fix Element Mod 20.4 Fail 8/2/2023 WGA
24970 1.452E+13 05 Screw of the Fix Element Mod 20.4 Fail 8/2/2023 WGA
24971 1.452E+13 05 Screw of the Fix Element Mod 20.4 Fail 8/2/2023 WGA
24972 1.452E+13 05 Screw of the Fix Element Mod 20.4 Fail 8/2/2023 WGA
24973 1.452E+13 05 Screw of the Fix Element Mod 20.4 Fail 8/2/2023 WGA
24974 | 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/2/2023 WGA
24975 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/2/2023 WGA
24976 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/2/2023 WGA
24977 | 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/2/2023 WGA
24978 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/2/2023 WGA
24979 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/2/2023 WGA
24980 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/2/2023 WGA
24981 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/2/2023 WGA
24982 | 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/2/2023 WGA
24983 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/2/2023 WGA
24984 | 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/2/2023 WGA
24985 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/2/2023 WGA
24986 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/2/2023 WGA
24987 | 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/2/2023 WGA
24988 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/2/2023 WGA
24989 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/2/2023 WGA
24990 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/2/2023 WGA
24991 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/2/2023 WGA
24992 | 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/2/2023 WGA
24993 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/2/2023 WGA
24994 | 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/2/2023 WGA
24995 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/2/2023 WGA
24996 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/2/2023 WGA
24997 | 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/2/2023 WGA
24998 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/2/2023 WGA
24999 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/2/2023 WGA
25000 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/2/2023 WGA
25001 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/2/2023 WGA
25002 | 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/2/2023 WGA
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25003 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/2/2023 WGA
25004 1.452E+13 07 Sensor PCB Pressing Mod 40.2 Fail 8/2/2023 WGA
25005 1.452E+13 07 Sensor PCB Pressing Mod 40.2 Fail 8/2/2023 WGA
25006 1.452E+13 14 Connecting Element Pressing Mod 60. 1 Fail 8/2/2023 WGA
25007 1.452E+13 14 Connecting Element Pressing Mod 60. 1 Fail 8/2/2023 WGA
25008 1.452E+13 14 Connecting Element Pressing Mod 60. 1 Fail 8/2/2023 WGA
25009 | 1.452E+13 16 EOL 1 Mod 70 Fail 8/2/2023 WGA
25010 | 1.452E+13 18 EOL 3 Mod 70 Fail 8/2/2023 WGA
25011 1.452E+13 18 EOL 3 Mod 70 Fail 8/2/2023 WGA
25012 | 1.452E+13 18 EOL 3 Mod 70 Fail 8/2/2023 WGA
25013 1.452E+13 19 EOL 4 Mod 70 Fail 8/2/2023 WGA
25014 | 1.452E+13 19 EOL 4 Mod 70 Fail 8/2/2023 WGA
25015 1.452E+13 SCADA Booking Fail 8/2/2023 WGA
25016 | 1.452E+13 SCADA Booking Fail 8/2/2023 WGA
25017 | 1.452E+13 SCADA Booking Fail 8/2/2023 WGA
25018 | 1.452E+13 SCADA Booking Fail 8/2/2023 WGA
25019 | 1.452E+13 SCADA Booking Fail 8/2/2023 WGA
25020 | 1.452E+13 SCADA Booking Fail 8/2/2023 WGA
25021 1.452E+13 SCADA Booking Fail 8/2/2023 WGA
25022 1.452E+13 Scrap in Line Fail 8/2/2023 WGA
31071 1.452E+13 03 Axles Pressing Mod 20.1 Fail 8/1/2023 WGA
31072 | 1.452E+13 03 Axles Pressing Mod 20.1 Fail 8/1/2023 WGA
31073 1.452E+13 03 Axles Pressing Mod 20.1 Fail 8/1/2023 WGA
31074 1.452E+13 03 Axles Pressing Mod 20.1 Fail 8/1/2023 WGA
31075 1.452E+13 03 Axles Pressing Mod 20.1 Fail 8/1/2023 WGA
31076 1.452E+13 03 Axles Pressing Mod 20.1 Fail 8/1/2023 WGA
31077 1.452E+13 03 Axles Pressing Mod 20.1 Fail 8/1/2023 WGA
31078 1.452E+13 05 Screw of the Fix Element Mod 20.4 Fail 8/1/2023 WGA
31079 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/1/2023 WGA
31080 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/1/2023 WGA
31081 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/1/2023 WGA
31082 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/1/2023 WGA
31083 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/1/2023 WGA
31084 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/1/2023 WGA
31085 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/1/2023 WGA
31086 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/1/2023 WGA
31087 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/1/2023 WGA
31088 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/1/2023 WGA
31089 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/1/2023 WGA
31090 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/1/2023 WGA
31091 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/1/2023 WGA
31092 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/1/2023 WGA
31093 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/1/2023 WGA
31094 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/1/2023 WGA
31095 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/1/2023 WGA
31096 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/1/2023 WGA
31097 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/1/2023 WGA
31098 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/1/2023 WGA
31099 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/1/2023 WGA
31100 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/1/2023 WGA
31101 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/1/2023 WGA
31102 | 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/1/2023 WGA
31103 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/1/2023 WGA
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31104 | 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/1/2023 WGA
31105 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/1/2023 WGA
31106 | 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/1/2023 WGA
31107 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/1/2023 WGA
31108 | 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/1/2023 WGA
31109 | 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/1/2023 WGA
31110 | 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/1/2023 WGA
31111 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/1/2023 WGA
31112 | 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 8/1/2023 WGA
31113 1.452E+13 15 Output Cover Laser Welding Mod 60.2 Fail 8/1/2023 WGA
31114 | 1.452E+13 18 EOL 3 Mod 70 Fail 8/1/2023 WGA
31115 | 1.452E+13 18 EOL 3 Mod 70 Fail 8/1/2023 WGA
31116 | 1.452E+13 18 EOL 3 Mod 70 Fail 8/1/2023 WGA
31117 | 1.452E+13 18 EOL 3 Mod 70 Fail 8/1/2023 WGA
31118 | 1.452E+13 18 EOL 3 Mod 70 Fail 8/1/2023 WGA
31119 | 1.452E+13 18 EOL 3 Mod 70 Fail 8/1/2023 WGA
31120 | 1.452E+13 18 EOL 3 Mod 70 Fail 8/1/2023 WGA
31121 1.452E+13 18 EOL 3 Mod 70 Fail 8/1/2023 WGA
31122 | 1.452E+13 19 EOL 4 Mod 70 Fail 8/1/2023 WGA
31123 | 1.452E+13 SCADA Booking Fail 8/1/2023 WGA
31124 | 1.452E+13 SCADA Booking Fail 8/1/2023 WGA
31125 | 1.452E+13 SCADA Booking Fail 8/1/2023 WGA
31126 | 1.452E+13 SCADA Booking Fail 8/1/2023 WGA
31127 | 1.452E+13 SCADA Booking Fail 8/1/2023 WGA
31128 | 1.452E+13 SCADA Booking Fail 8/1/2023 WGA
31129 | 1.452E+13 Dropped Fail 8/1/2023 WGA
31130 | 1.452E+13 Dropped Fail 8/1/2023 WGA
37491 1.452E+13 03 Axles Pressing Mod 20.1 Fail 7/31/2023 WGA
37492 | 1.452E+13 03 Axles Pressing Mod 20.1 Fail 7/31/2023 WGA
37493 1.452E+13 03 Axles Pressing Mod 20.1 Fail 7/31/2023 WGA
37494 1.452E+13 03 Axles Pressing Mod 20.1 Fail 7/31/2023 WGA
37495 1.452E+13 03 Axles Pressing Mod 20.1 Fail 7/31/2023 WGA
37496 1.452E+13 03 Axles Pressing Mod 20.1 Fail 7/31/2023 WGA
37497 1.452E+13 03 Axles Pressing Mod 20.1 Fail 7/31/2023 WGA
37498 1.452E+13 03 Axles Pressing Mod 20.1 Fail 7/31/2023 WGA
37499 1.452E+13 03 Axles Pressing Mod 20.1 Fail 7/31/2023 WGA
37500 1.452E+13 03 Axles Pressing Mod 20.1 Fail 7/31/2023 WGA
37501 1.452E+13 05 Screw of the Fix Element Mod 20.4 Fail 7/31/2023 WGA
37502 | 1.452E+13 05 Screw of the Fix Element Mod 20.4 Fail 7/31/2023 WGA
37503 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 7/31/2023 WGA
37504 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 7/31/2023 WGA
37505 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 7/31/2023 WGA
37506 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 7/31/2023 WGA
37507 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 7/31/2023 WGA
37508 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 7/31/2023 WGA
37509 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 7/31/2023 WGA
37510 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 7/31/2023 WGA
37511 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 7/31/2023 WGA
37512 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 7/31/2023 WGA
37513 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 7/31/2023 WGA
37514 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 7/31/2023 WGA
37515 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 7/31/2023 WGA
37516 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 7/31/2023 WGA
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37517 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 7/31/2023 WGA
37518 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 7/31/2023 WGA
37519 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 7/31/2023 WGA
37520 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 7/31/2023 WGA
37521 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 7/31/2023 WGA
37522 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 7/31/2023 WGA
37523 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 7/31/2023 WGA
37524 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 7/31/2023 WGA
37525 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 7/31/2023 WGA
37526 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 7/31/2023 WGA
37527 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 7/31/2023 WGA
37528 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 7/31/2023 WGA
37529 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 7/31/2023 WGA
37530 1.452E+13 06 Suppression PCB Pressing Mod 40.1 Fail 7/31/2023 WGA
37531 1.452E+13 07 Sensor PCB Pressing Mod 40.2 Fail 7/31/2023 WGA
37532 | 1.452E+13 07 Sensor PCB Pressing Mod 40.2 Fail 7/31/2023 WGA
37533 1.452E+13 07 Sensor PCB Pressing Mod 40.2 Fail 7/31/2023 WGA
37534 1.452E+13 07 Sensor PCB Pressing Mod 40.2 Fail 7/31/2023 WGA
37535 1.452E+13 07 Sensor PCB Pressing Mod 40.2 Fail 7/31/2023 WGA
37536 1.452E+13 14 Connecting Element Pressing Mod 60. 1 Fail 7/31/2023 WGA
37537 1.452E+13 14 Connecting Element Pressing Mod 60. 1 Fail 7/31/2023 WGA
37538 1.452E+13 14 Connecting Element Pressing Mod 60. 1 Fail 7/31/2023 WGA
37539 1.452E+13 15 Output Cover Laser Welding Mod 60.2 Fail 7/31/2023 WGA
37540 1.452E+13 15 Output Cover Laser Welding Mod 60.2 Fail 7/31/2023 WGA
37541 1.452E+13 16 EOL 1 Mod 70 Fail 7/31/2023 WGA
37542 | 1.452E+13 17 EOL 2 Mod 70 Fail 7/31/2023 WGA
37543 1.452E+13 18 EOL 3 Mod 70 Fail 7/31/2023 WGA
37544 | 1.452E+13 18 EOL 3 Mod 70 Fail 7/31/2023 WGA
37545 1.452E+13 18 EOL 3 Mod 70 Fail 7/31/2023 WGA
37546 | 1.452E+13 18 EOL 3 Mod 70 Fail 7/31/2023 WGA
37547 | 1.452E+13 18 EOL 3 Mod 70 Fail 7/31/2023 WGA
37548 | 1.452E+13 18 EOL 3 Mod 70 Fail 7/31/2023 WGA
37549 | 1.452E+13 18 EOL 3 Mod 70 Fail 7/31/2023 WGA
37550 | 1.452E+13 18 EOL 3 Mod 70 Fail 7/31/2023 WGA
37551 1.452E+13 19 EOL 4 Mod 70 Fail 7/31/2023 WGA
37552 | 1.452E+13 SCADA Booking Fail 7/31/2023 WGA
37553 1.452E+13 SCADA Booking Fail 7/31/2023 WGA
37554 | 1.452E+13 Scrap in Line Fail 7/31/2023 WGA
37555 1.452E+13 Intervention in Line Fail 7/31/2023 WGA
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Appendix 2. Produced parts Pressing Curve

Press to signal (Monitor)
T

Appendix 3. Pin Height for the Short-Term Capability Report

PCB small pressing
(1.8/2.0)
1 1,949
2 1,997
3 1,99
4 1,996
5 1,992
6 1,967
7 1,986
8 1,993
9 1,973
10 1,995
11 1,989
12 1,979
13 1,996
14 1,979
15 1,996
16 1,994
17 1,961
18 1,992
19 1,992
20 1,979
21 1,962
22 1,96
23 1,991
24 1,984
25 1,971

Position [mm]Abs.
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26 1,986
27 1,991
28 1,971
29 1,973
30 1,993
31 1,996
32 1,977
33 1,994
34 1,997
35 1,996
36 1,985
37 1,996
38 1,996
39 1,984
40 1,99
41 1,987
42 1,951
43 1,97
44 1,982
45 1,996
46 1,971
47 1,988
48 1,994
49 1,991
50 1,996

Appendix 4. Pin Present Check Value for MSA Report

Attributive MSA, Pin present Check
No. Part placed re\i?elit\j/eed Passed
1 OK OK
2 NOK NOK
3 OK OK
4 NOK NOK
5 OK OK
6 NOK NOK
7 OK OK
8 NOK NOK
9 OK OK
10 NOK NOK
11 OK OK
12 NOK NOK
13 OK OK
14 NOK NOK
15 OK OK
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16 NOK NOK
17 OK OK
18 NOK NOK
19 OK OK
20 NOK NOK
21 OK OK
22 NOK NOK
23 OK OK
24 NOK NOK
25 OK OK
26 NOK NOK
27 OK OK
28 NOK NOK
29 OK OK
30 NOK NOK
31 OK OK
32 NOK NOK
33 OK OK
34 NOK NOK
35 OK OK
36 NOK NOK
37 OK OK
38 NOK NOK
39 OK OK
40 NOK NOK
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