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resumo

indUstria automoével, veiculos eléctricos, alta voltagem, ferramentas de
qualidade, sistemas de dados de qualidade, produtos ndo-conforme

Nos Ultimos anos, com particular foco nas preocupagfes ambientais, temos
vindo a assistir a um aumento na procura de veiculos hibridos e elétricos. Para
a construcdo destes veiculos mais sustentaveis, sdo produzidas cablagens
elétricas de alta voltagem, que atualmente implicam um continuo
desenvolvimento dos produtos. A producao de uma cablagem elétrica para um
automoével deve ser realizada com um rigido controle de qualidade, de forma a
prevenir defeitos nos produtos.

Por conseguinte, o presente trabalho aborda a gestdo de defeitos internos na
indUstria automével, mais especificamente num contexto de producdo de
cablagens elétricas de alta voltagem.

O seu objetivo foi o de procurar melhorar a gestéo interna de defeitos e o fluxo
de dados, através da implementacao de uma nova e melhorada base de dados
de qualidade, futuramente comum a diversas fabricas da Europa e do Norte de
Africa, e de ferramentas da qualidade, no &mbito da Gestdo da Qualidade Total.
Através da ferramenta PDCA, foi implementado um Quick Response Quality
Control para, com recurso a monitorizagdo e a realizagcao de reunifes diarias
multidisciplinares, se promover uma rotina de investigacdo aos defeitos
identificados. Foi constatada uma melhoria na comunicagdo entre
departamentos.

A metodologia aplicada na investigagdo da causa raiz do defeito de
estanquidade nas cablagens de alta voltagem consistiu na utilizacdo, em
conjunto, de quatro ferramentas de qualidade: o Diagrama de Pareto, os 5W2H,
o Diagrama de Ishikawa e os 5 Porqués. A causa raiz do defeito foi identificada
como um problema de producéo do conector A. Em abril de 2020, a producdo
usou apenas conectores bons, com um resultado de 0,18% defeitos, uma
reducdo percentual significativa em relagdo aos 1,79% do registados no més
anterior.

Com a identificagdo de coédigos de defeito incorretamente aplicados nas
cablagens de alta voltagem, que provocavam incoeréncias no registo dos
defeitos internos, foi atualizado o documento de cédigos de defeitos, através da
recolha de informac&o no chao de fabrica.

A base de dados para o rastreio de defeitos internos foi implementada numa
area piloto da Yazaki Saltano de Ovar, através do ciclo PDCA. Foram analisadas
a base de dados atual (QEDS), e a nova (QDS). Da aplicacdo das duas bases
em paralelo durante um més, e com o registo de 420 defeitos, verificou-se que
a QDS forneceu mais resultados graficos do que o registo da base de dados
anterior, e proporcionou a possibilidade de uma analise diaria, ao contrario da
opcao de andlise Unica mensal da QEDS.

Os resultados do projeto apresentaram melhorias com as implementacdes
introduzidas, nomeadamente uma comunicacdo mais eficaz dentro da equipa,
um melhor ambiente de aprendizagem, melhorias na rotina de investigacéo de
defeitos e no fluxo de dados.
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In recent years, with the greater focus on environmental issues, there has been
an increase in demand for hybrid and electric vehicles. For the construction of
these more sustainable vehicles, high-voltage electrical cables are produced,
which currently implies a continuous productive development. The production of
electrical wiring for an automobile must be carried out with strict quality control
in order to avoid product defects.

This work deals with the management of internal defects in the automotive
industry, more specifically in the context of the production of high voltage
electrical wiring.

Its objective was to seek to improve internal defect management and data flow
through the implementation of a new and improved quality database, in the
future, common to several factories in Europe and North Africa, and tools from
the quality, within the scope of Total Quality Management.

Through the PDCA tool, a Quick Response Quality Control was implemented,
using monitoring and daily multidisciplinary meetings in order to induce a routine
of investigation of identified defects. Furthermore, improved communication
between departments was verified and achieved.

The methodology applied in the investigation of the root cause of the air leak
defect in high voltage wiring consisted of using, simultaneously, four quality tools:
the Pareto Diagram, the 5W2H, the Ishikawa Diagram and the 5 Whys. The root
cause of the defect was identified in a connector A production issue. In April, the
production used only good connectors, with a result of 0.18% defects, registering
therefore a significant percentage reduction from 1.79% in the previous month.
With the identification of incorrectly used defect codes in the high voltage cabling,
which caused inconsistencies in the registration of internal defects, the defect
code document was updated, through the collection of information on the factory
floor.

The database for tracking internal defects was implemented in a pilot area of
Yazaki Saltano de Ovar, through the PDCA cycle. The current database (QEDS)
and the new one (QDS) were thoroughly analysed. From the application of the
two databases in parallel for one month, with the registration of 420 defects, it
was found that QDS provided more graphic results than the previous database,
and also provided the possibility of a daily analysis, as opposed to the monthly
single analytics option of the QEDS.

The project results showed significant improvements with the implementations
introduced, namely a more effective communication within the team, a better
learning environment, improvements in the defect investigation routine and in the
data flow.
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1. Introduction

The automotive industry is a worldwide competitive area due its rigorous regulation, the
permanent technological development and the continuous introduction of new products in a way to
adjust to market both of requirements and demands (Otto et al., 2020). Since it is characterized as a
strong competitive sector with a complex main product, the financial investments need to be
thoroughly applied, in a way to support the competitive market and, as described by Stylidis (2020),
the "combination of mechanical parts, software pieces, various types of materials, advanced
manufacturing processes, and high production volumes" involved. The greatest mode to increase the
competitive side, and at the same time, guarantee the company financial stability, should focus on
the organizational performance improvement (Vujovic et al., 2017). Gouiaa-Mtibaa et al. (2016)
emphasize that due to this competitive industry reality, companies should manage simultaneously
different functional areas - such as maintenance, quality, production and marketing - and
consequently, affirm that there is a need to develop new management approaches that promote
interaction between them. Otto et al. (2020) underline that what is missing in the majority of the
manufacturing automotive plants is a "practical guide to implement new technologies safely,
effectively and efficiently". Zasadzien and Midor (2018) emphasize that, to meet the requirements
imposed by the demanding and competitive market, the continuous improvement should be a
systematic component of the strategy of every modern company.

In recent years, with the greater importance that has been given towards environmental issues
and the consumption of more sustainable products, there has been an increase in demand for hybrid
and electric vehicles (Al-Alawi & Bradley, 2013). This new product segment involves new designs,
the use of different materials and more developed technology (Otto et al., 2020). Since it is a sensitive
and powerful technology, all of these previous elements can cause safety risks and concerns, that can
occur triggered by new quality defects, emphasizing the importance of an excellent and rigorous
quality control in the production of new products (Ahire & Dreyfus, 2000; Otto et al., 2020).

In the production of automobiles, electrical wiring is essential, serving as an energy conductor
for the vehicle to function properly. Its production must be carried out under strict quality control
criteria, in order to avoid defective products and prevent serious accidents. For the construction of
these vehicles which are related with e-mobility, high voltage wiring harnesses are produced (Otto
et al., 2020). They are recent and more powerful wires, which are being continuously developed,
involving adjustments in the production line that can include changes in the production method (T.
Nguyen & Bell, 2015; Otto et al., 2020). Thus, continuous quality control is essential, focused on the
analysis of root causes, and the implementation of actions for the prevention of defects.

1.1. Motivation and Work Contextualization

Yazaki Europe Limited (YEL) is in the process of implementing a database, more specifically a
Quality Data System (QDS), common to all plants in Europe and North Africa, to assist the
registration, analysis, and planning of possible actions for the prevention and reduction of internal
defects. This project focuses on the internal defect management improvement and data flow, which
includes the implementation of the referred database in a pilot area at Yazaki Saltano de Ovar. This



pilot area will be the first high voltage production area to use the database. This practical project will
be executed in a multinational scenario with the application of several concepts and quality tools to
the automotive industry, within the scope of Total Quality Management (TQM), in the perspective
of continuous improvement. TQM tools are considered an asset for the industry, contributing to an
improvement in the quality management of the organization and being an advantage over the
competition brands (Chung et al., 2008).

As previously mentioned, the pilot project for this database will be implemented at Yazaki
Saltano de Ovar, more specifically in a customer production sector of the area EDS, which stands for
Electrical Distribution System. The chosen production sector, which will be mentioned during this
project as Customer X, is relatively recent, it is focused on the production of high voltage (HV)
wiring and is composed of three the sub-areas: cutting (P1), crimping and accessories (P2) and
assembly (P3). The Customer X area was chosen because it complemented the most recent projects
in EDS, with the furthermost cleaning and process detailed requisites. At Customer X, many
recurrent defects used to occur, without a routine investigation to properly identify root causes.
Associated with that factor, it was not specified the P1 and P2 impact in the detected defects at P3
area. So, the focus of this project will be carried out around the assembly area (P3).

The practical project for the Customer X was also triggered because there was no team member
completely focused on the internal defect analysis and investigation area. With the continuous
technological development of this high voltage production area, the production lines are constantly
changing, causing instability in the process and several new and unknown internal defects, which, if
not detected in time, can reach the customer translated converted into a nonconforming product.

1.2. Objectives

Customer X is a recent high voltage production area. In the creation of this area, concepts,
documents, and defect codes for low voltage products were applied, which were not properly
adjusted to the needs of these new electrical wirings. Thus, one of the objectives of this project is the
correct adaptation and updating of these tools, with focus on the update of the Yazaki Defect Coding
Catalogue, to make them suitable for high voltage wiring analysis.

The improvement of the routine investigation and team communication is also an important
objective. As this is a new production area, it is a new project for all the team members involved, in
addition to an improvement in the research routine, the scope for learning and knowledge exchange
should also be worked on.

Another key point is the implementation of the new database, the Quality Data System, with the
aim of improving the management of internal defects, through an upgrade in the system's
functionalities, compared to the current database. In addition, with this new database, homogeneity
of management and operation among all Yazaki factories at European and North Africa levels is
intended, allowing for easier and better analysis of results through the uniformity of collected data.
It is intended to improve the flow of information, as well as to prevent and reduce internal defects
and their recurrence.



Within this project, that focuses on the improvement of internal defect management and data
flow, there were set four main objectives:

e The update of documents to be better suited for high voltage (HV) production.
e Animprovement in the team communication process.

e The implementation of the Quality Data System for registration and treatment of internal
defects.

e An improvement in the defect investigation and response, with a reduction in internal
defects.

2. Methodology

The project was conducted during an eight-month internship, from 6™ of October 2020 till the
end of May 2021. To carry out this process, the Action Research (AR) methodology was applied,
with the purpose of investigating the initial situation and, subsequently, proposing and implementing
improvements in the specific context (Koshy et al., 2014).

The AR was developed from the case study methodology and its application was initiated in the
social sciences field, with Kurt Lewin main contribution (Bhat et al., 2021; Erro-Garcés & Alfaro-
Tanco, 2020). For College et al., the AR is applied so that the researcher who is part of the study
develops a case study in combination with primary data in order to determine the responses to the
research questions with more insights (as cited in Bhat et al., 2021). Basically, as research is about
generating knowledge, Koshy et al. (2014) explain that AR method “creates knowledge based on
enquiries conducted within specific and often practical contexts”. Meyer refers that the main
advantage of the AR is the fact that it is a methodology that focus on providing solutions to practical
problems and provides the practitioners empowerment, by making them participate in the research
and also the subsequent development or implementation activities (as cited in Koshy et al., 2014).

Koshy et al. (2014) and Erro-Garcés and Alfaro-Tanco (2020) provide important features of the
AR approach, which are essential to be considered in this project. These features are presented in
Table 1.



Table 1- Features of Action Research approach

Features of the Action Research approach

Koshy et al. (2014)

Erro-Garcés and Alfaro-Tanco (2020)

It is used for practice improvement. It involves action,
evaluation, and critical reflection — through the
combination of action and research.

Dual objective: research and practitioners’
contributions, both defined in a joint way to avoid
hierarchy level among them. So, they consider that it
is important to differ between practitioner’s
contribution and managerial contributions.

It is participative and collaborative; it is undertaken by
individuals with a common purpose.

Researcher—practitioner interaction: This has a double
implication: the researcher acts as an agent of change;
the practitioner has an active participation in all the
stages of the process. This implies active and
participatory collaboration among both agents.

It is situation-based and context specific.

Gathering data: According to Coughlan and Coghlan
(2002), ““action research can include all types of data
gathering methods” (p. 238). This is linked with the
fact that having a holistic view of the problem to be
analyzed implies to get information from multiple
sources

It develops reflection based on interpretations made by
the participants.

Cyclical nature: AR projects are characterized by
including continuous feedbacks in all the stages,
which provoke spiral cycles (Ballantyne, 2004); AR
methodology can be analyzed as a cycle where new
AR studies can be further developed.

Knowledge is created through action and at the point
of application.

It can involve problem solving if the solution to the
problem conducts to the improvement of practice.

Its findings will emerge as action develops, but these
are not conclusive or absolute.

According to Coughlan and Coughlan (2002), this methodology is employed with a cycle,
presented in Figure 1, composed by one pre-stage — context and purpose -, Six main stages — data
gathering, data feedback, data analysis, action plan, implementation and evaluation -, and one meta

stage - monitorization.

The AR cycle is focused on a problem, which is expressed in a research question(s). The research
guestion to be studied in this specific project is expressed in the next question.

RQ: “How to improve the management of internal defect and improve the data flow of the

Customer X high voltage production area?”

To generate solutions for this research question, the next steps were pursued.
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Figure 1- Action Research Methodology (adapted from Coughlan and Coghlan, 2002)

In the first place, understanding the context and purpose of the project and organization, with
integration in the company and observation in factory floor. It was crucial to start this project with
training together with the quality control team to understand the quality daily work routine, the entire
production line, products, and work environment of the operators.

After integrating the organization and understanding the context, an analysis of the initial
situation was conducted, with the application of a BPM lifecycle. First, the data collection was
performed through a triangulation of data sources: document and report analysis, observation on the
factory floor, and informal interviews with employees involved in the process. Triangulation is
mainly applied to provide more trust in data analysis and to increase the validity of inference in
qualitative and quantitative research (Kern, 2018; Ubeda et al., 2017).

The next step had to do with the organization of the information which had been collected, so
that it was possible to analyze it critically, through the creation of an AS-IS Model with the BPMN
2.0 tool. A critical analysis was made of the AS-IS Model together with an Ishikawa diagram.

After analyzing the collected data and identifying the critical points, the improvement proposals
are presented, and improvements implemented. For the implementation of the improvements, namely
the QRQC Whiteboard and Quality Data System (QDS), the PDCA cycle was applied, for the pursuit
of the continuous improvement of the processes. An internal defect investigation was also presented,



where quality tools and concepts, used in the automotive industry were applied, within the scope of
Total Quality Management (TQM).

Next, the evaluation consists of the discussion of the improvement implementation results and
conclusions are elaborated. Following the evaluation, which was conducted, it was possible to
identify critical points for improvement.

During the AR cycle a monitoring of each of the six main stages was performed. Usually, an
Action Research cycle always originates a new Action Research cycle, providing continuous
knowledge and improvement (Coughlan & Coghlan, 2002).

The presentation and analysis of the practical project was supported by a literature review of the
applied concepts, which was carried out throughout the period of the internship.

2.1. Report structure

This report is divided into five main chapters, each of which will have sub-chapters:

Chapter one — The first chapter presents a brief introduction and contextualization of the
practical project to be developed, covering the automotive industry, particularly the global
introduction of hybrid and electric vehicles, along with the quality concerns and safety risks
they involve. After the introduction, are presented the motivation and work contextualization
are presented and the objectives to be attained and, finally, the structure of the report.

Chapter two — This chapter describes the methodology that was used for the development
of the project in a theoretical perspective, as well as the way it was applied in this particular
work.

Chapter three — In chapter three, a review of the concepts that will support the development
of the practical project and the evaluation of its results is presented. First, an analysis of the
concept Quality Management was performed, with emphasis in Total Quality Management
and in the quality tools applied in the practical work. Then, the theme of quality control in
the automobile industry, with a particular focus in the high voltage production. Next, the
Business Process Management tool, and Information Systems, namely quality data systems
and the Unified Modeling Language are explored.

Chapter four — Concerning chapter four, the development of the practical project is
presented and discussed. First, the company in which the project took place, Yazaki, is
introduced. Afterwards, the analyse of the initial situation of the project is presented, and
improvement actions are proposed, analysed and implemented. For each one, a subchapter
with the methodology applied, results discussion and lessons learned is included.

Chapter five — Finally, the core conclusions of the project and guidelines for future work
are presented.



3. Theoretical Background

3.1. Quality Management
3.1.1. Quality Management: concepts and evolution

The term ‘quality’ does not have a concrete and unique definition (Gudanowska, 2010, Urban,
2007, as cited in Olszewska, 2017). Gryna (2001) summarize quality as “external and internal
costumer satisfaction”. According to Pinto and Soares (2018), quality can be defined as the “degree
of satisfaction of requirements given by a set of intrinsic characteristics of an object”, including the
requirements and expectations of customers. However, Shewfelt (1999) affirms that “it is generally
agreed that consumer satisfaction is related to product quality”, but also expresses that quality can
be characterize as “an absence of defects or a degree of excellence”. Ultimately, he highlights that
“what quality is then depends on the perspective of the viewer” (Shewfelt, 1999).

Shewfelt (1999) emphasizes the definition of quality under different orientations, namely a
product orientation and a consumer orientation. Product orientation underlines quality as “a set of
attributes inherent in a product that can be readily quantified during handling and distribution”.
Consumer orientation defines quality in terms of “consumer satisfaction, a concept less tangible and
less quantifiable” than the previous one.

Olszewska (2017) considers quality management as a "dynamically developing research
discipline and scientific consideration" and as a “very broad concept”. According to Hamid (2019),
the quality management evolution has incorporated changes in the principles, systems, tools and
techniques over time. In his literature review he concluded that over time, as "the focus has changed,
the principles have also changed and as the principles have changed, the systems, tools and
techniques have also changed in quality management field". This statement highlights a relationship
and dependence on the systems, tools and techniques in the principles, and the principles in the focus.

Hamid (2019) affirms that quality management has been studied since the beginning of the 20th
century. The interest sparked when Fredrick W. Taylor emphasized the importance of quality
inspection (Hamid et al., 2019). Quality is an area that went by a several amount of concept progress,
as Chung et al. considered being the four main evolution phases: inspection, quality control, quality
assurance and finally TQM (as cited in Othman et al., 2020). However, in consistence with Hamid
et al. (2019) considering research about quality management over time, there where five main
dimension evolutions: Quality Inspection (1900s ~ 1920s); Quality Control (1920s ~ 1950s); Quality
Assurance (1950s ~1980s); Total Quality Control (1960s ~ 1990s); and Total Quality Management
(1980s ~ present). The first two dimensions with product focus, the third with process focus, the
fourth with system focus, and the present one with focus on the people in organization, specific in
network and smart environment (Hamid et al., 2019). Figure 2 presents some question examples
related with each focus.
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Figure 2- Evolution of QM focus (adapted from Hamid et al., 2019)

Nevertheless, as an evolution in the quality section, Chung et al. referred that Total Quality
Management has its origins in the beginning of 1920, a decade when product quality control was
employed together with statistical theory (as cited in Othman et al., 2020).

After World War 1l, two aspects had a major influence in the quality concept: the Japanese
revolution and the importance of quality in the public opinion (Gryna, 2001). The TQM concept was
established in Japan, guided by acquaintances J. M. Juran, W. Edwards Deming, A. V. Feigenbaum,
Philip Crosby and Kaoru Ishikawa, and are summarized in Table 2.

Table 2- Quality concept highlight (adapted from Gryna, 2001)

Research person Quality concept highlight

Defended a balanced attitude applying "quality management, statistical and

J. M. Juran technological concepts"”

Summarized fourteen main quality points focused on organizational

W. Edwards Deming management, conveying, similar to Juran, a wide view of quality

Addresses the idea of total quality control, in relation to all the functions of an

A. V. Feigenbaum o
organization

Considers zero defects as the only standard of performance and defines quality

Philip Crosby strictly as "compliance with requirements"

Presented to the Japanese community the application of simple quality tools

Kaoru Ishikawa . .
for analysis and problem solving

A research on the publications from the year 1995 till 2015 presented in the Scopus Database,
showed that the issue of Quality Management was a trend in 2009, and in the year 2015 was still
current in many fields, such as Medicine, Engineering, and Business, Management and Accounting
(Olszewska, 2017).

Corresponding to what was described in Teixeira (1999) work by referring to main guidelines,
TQM solutions can be developed in any type of corporation and they should cultivate frameworks
suitable for their manager’s vision of quality management. In the context of the construction sector,
according to Lasserre et al. and Torbica et al., what they perceived was the lack of motivation by the



contractors in upgrading the quality in their projects and the organization in general (Othman et al.,
2020).

In Fundin et al. (2020) article, is presented an interesting perspective of future evolution of QM,
namely for the year 2030. The future QM themes consist of: (a) systems perspectives applied, (b)
stability in change, (c) models for smart self-organising, (d) integrating sustainable development, and
(e) higher purpose as QM booster. The study also identified six positive QM values and aspects that
need to be preserved and nurtured: (1) value as a guiding and unifying WHY for the entire
organisation; (2) leading with a systems perspective and in collaboration; (3) belief in human
potential, aiming to strengthen the system around people, for people; (4) providing systematics and
methodologies for inquiring and understanding underlying causes and variation; (5) research that is
close to practice, relevant, and interactive; and (6) knowledge on HOW to develop organisational
capacity for learning, change, and adaptation.

3.1.2. Total Quality Management

With increased competition in the markets and greater demand from customers, companies are
required to provide products with higher quality. Thus, it has become essential to adopt quality
management techniques, such as the application of TQM (Ferdousi et al., 2018).

Like Chung et al. explain, TQM is a philosophy with the aim to achieve the quality requirements
and expectations of the customer, and that delivers a variety of long-term benefits (as cited in Othman
et al., 2020). TQM is characterized as a collective and interconnected system of quality practices,
associated with organizational performance, and it is demonstrated to be effective in a diversity of
industries, particularly in the manufacturing sector (Othman et al., 2020; Valmohammadi &
Roshanzamir, 2015). It focuses on the application of methods and human resources to enhance the
processes of an organization, allowing, among other factors, the improvement of the quality of
products and services, the cost reduction, the customer satisfaction, the improvement of flexibility
and the adaptation of the company to the Marketplace (Ferdousi et al., 2018; Yu et al., 2020).

With the changes published in the new standard 1SO 9000: 2015, the quality principles have been
changed, having been reduced from eight to seven (Vexillum, 2021). The seven principles of TQM
are described as fundamental rules or beliefs in the management of an organization, focused on
continuous improvement, and for the customer as well, considering the needs of all the involved
parties (Diamandescu, 2016; Pinto & Soares, 2018). The seven principles of TQM are presented in
Table 3.



Table 3 - Principles of TQM (adapted from Vexillum, 2021)

Principle

Description

Costumer focus

Organizations depend on their customers and therefore should understand their current
and future needs, satisfy their requirements and strive to exceed their expectations

Leaders establish unity in the organization's purpose and direction. They must create

Leadership and maintain an internal environment that allows the full involvement of people to
achieve the organization's goals.
People’s People, at all levels, are the essence of an organization and their full involvement
Commitment enables their capabilities to be used for the benefit of the organization.

Process approach

Desired results are most efficiently achieved when resources and related activities are
managed as a process.

Continuous
improvement

Improving the overall performance of an organization should be a permanent objective
of that organization.

Evidence-based
decision making

Effective decisions are based on data and information analysis.

Relationship
management

An organization and its stakeholders are interdependent, and mutually beneficial
relationships enhance their ability to create value. Currently, companies must know
how to manage not only suppliers, but all interested parties, such as employees,
surrounding communities, regulatory bodies and competitors.

According to a study with thirty two participants made by Othman et al. (2020), in a construction
company in Malaysia, the results indicated that the factor associated to employees was the one that
most critically affected the TQM implementation.

The application of TQM, with the purpose of developing a culture based on quality principles,

leads to the continuous improvement of both methods and processes. Thus, the investment in TQM
practices will help to reduce and prevent the nonconforming products and, consequently, the
associated costs, increasing the motivation of the employees and also improving the organizational
environment and the company’s image from the client point of view (Pinto & Soares, 2018).

Prajoso and Sohal (2006) defend that the concept of TQM can be approached based on two
different business orientations: customer orientation and process orientation. In customer orientation,
organizations are focused on obtaining a market advantage over competitors, in order to attract more
customers with differentiated products and competitive prices. On the other hand, under the guidance
of processes, companies aim to find improvements in the efficiency of processes, with the objective
of eliminating defects and waste.

In the Total Quality Management (TQM) approach there are a set of tools that, implemented in
an organization, help in the prevention and reduction of internal defects and in general avert poor
quality products (Kahya et al., 2020; Othman et al., 2020).
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3.1.3. Continuous Improvement: the PDCA cycle

The PDCA cycle, also known as Deming Cycle or Shewhart Cycle, follows four steps — Plan,
Do, Check and Act - in relation to the planning, implementation, control and continuous
improvement of the processes (La Verde et al., 2019; Realyvasquez-Vargas et al., 2018).

According to Realyvasquez Vargas et al. (2018), several authors affirm that the PDCA cycle is
not just a simple tool. They defend that it is a philosophy of continuous processes improvement
introduced in the organizational culture of companies. The PDCA cycle is represented in Figure 3,
with a description of each of the phases, according to Gorenflo et al. (2009) and La Verde et al.
(2019) explanations.

PLAN

*What to do?
*How to do it?

ACT DO
*Improvements aplication eDo what planned

CHECK

«Board monitorization

Improvement points
analize

Figure 3- PDCA cycle (adapted from La Verde et al., 2019)

Plan — Consists in establishing the objectives and processes necessary to deliver results
according to needs and expectations. In this first phase, improvements and opportunities are
identified, with a subsequent identification of the priorities. Likewise, according to an analysis
of the initial situation and problem identification, possible solutions are proposed to solve it.

Do — The second stage is when the planned actions are put into practice according to the
established procedures and timelines. Additionally, unexpected events, learned lessons and
acquired knowledge should be considered.

Check — Consists in an analysis through a monitorization and evaluation of the processes results,
and characteristics of the actions implemented, in such a way to verify that there is consistency
between what is achieved and what has been planned. A before and after comparison is
performed verifying whether there were improvements and if the established goals were
achieved.
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Act - It is the phase where there is a periodic checking that the system is consistent with what is
planned and appropriate actions for the continuous improvement of operational, organizational
and management processes are taken. In case objectives had been reached, this phase involves
the development of methods aimed to standardize the improvements. In case that data is
insufficient or circumstances had changed, or even the project is abandoned and a new one has
begun from the first stage, the verification is repeated to obtain new data and re-test the
improvement. (Gorenflo et al., 2009; La Verde et al., 2019)

In terms of practical applications, Matsuo (2013) concluded that quality management based on
the PDCA cycle is an effective tool for enabling workplace learning, in a way that it allows to better
generate and share valuable new knowledge and discard outdated knowledge in the workplace. La
Verde et al. (2019) described a successful PDCA application for a laboratory management, that
demonstrate positive results in terms of material savings, job optimization, quality of results and
organization of internal processes. Realyvasquez-Vargas et al. (2018) concluded that the PDCA cycle
enables the detection of improvement opportunities and also their development and implementation
in lean manufacturing projects.

In their paper, Nsafon et al. (2020) proposed a hybrid model based on integrating AHP-VIKOR
with the PDCA cycle, for a renewable energy installation plan in rural communities in Africa. AHP-
VIKOR can be divided in two concepts: AHP is a theory of measurement through pairwise
comparisons and depend on the judgments of experts to obtain priority scales, and VIKOR focuses
on ranking and selecting from a set of alternatives in the presence of conflicting criteria (Zhu et al.,
2015). They describe that "the uniqueness of this model is the management support characteristic of
the PDCA cycle that provides coherence between the planning process and the actual project, as well
as criticisms and responses for the proposed system". The results show that the selected hybrid energy
system does guarantee a reliable system configuration and economic benefits (Nsafon et al., 2020).
Nguyen et al. (2020) also approach in their research the application of PDCA combined with other
support tools, in this case for the quality improvement of sustainable packaging, emphasizing the
benefits of the PDCA methodology in quality improvement.

In the current pandemic reality, Chen et al. (2020) presented a study with the application of the
PDCA cycle in a COVID-19 intensive care unit (ICU). The PDCA cycle was positively applied to
standardize the nursing management in the 1ICU, by developing and applying effective nursing
management approaches.

3.1.4. Quiality tools for internal defect management

For a company to be a leader, it is essential to maintain a sustainable competitive advantage,
which is achieved by prioritizing high quality products (Ahire & Dreyfus, 2000). According to
Bayazit and Karpak (2007), zero defect is one of the priorities and focus for quality control of
companies from different industries.

In the automobile industry, quality control aims to reduce internal defects, namely to reduce
levels of rework and scrap (Ben Ruben et al., 2017). In addition to causing security problems,
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non-compliant products involve a high monetary cost for the organization and can also involve
clients’ claims (Abrahams et al., 2015).

Quality management tools allows to detect incompatibilities and to prevent them, by detecting
the source or even looking for the causes that originated problems in these sources. These methods,
when cleverly applied, allow to increase the level of quality of the products offered (Czerwinska et
al., 2020).

Nagyova et al. (2019) presented a application of a Root Cause Analysis (RCA) with quality tools
in the automobile industry for claim solving, and after a literature review defined RCA as “a
step- by-step method that leads to the discovery of faults or root cause”.

Quality tools and RCA are not just applied in the industry area. Brook et al. (2015) showed that
quality tools can be applied in a medical context for RCA of serious adverse events, designed with
two aims: "the identification of factors that underlie variation in performance or that predispose an
event toward undesired outcomes and the development of effective strategies to decrease the
likelihood of similar adverse events occurring in the future". The quality tools emphasized in the
study were: the 5Why method, Ishikawa diagram, causal tree mapping, affinity diagrams and Pareto
diagrams (Brook et al., 2015). In another scenario, Ahmed and Rezouki (2020) applied in their
research a combination of Ishikawa, Pareto diagram, and Why techniques to perform a root cause
analysis to specify the main factors that lead to bad selection for the highway projects in Iraq,
analysing the corruption factors involved. These were the same three tools applied by Al-Zwainy et
al (2018) in their research to identify and diagnose the causes of construction project failure by
utilizing different project management process groups. According to Pacana and Siwiec (2021)
study, in a case in the complex aerospace area, together with non-destructive tests, it was possible to
apply simple and complementary quality management techniques - 5\W2H method, Ishikawa diagram
and 5 Why method - to successfully identify the root causes of a steel product problem and implement
corrective actions.

When performing a root cause analysis, in addition to determining the final root causes, it is also
important to propose solutions for the current problem and to prevent future ones (Santen et al.,
2019).

Next, some quality tools that will be addressed and applied in the context of the practical project
are briefly described.

3.1.4.1. Data Collection Forms

A check sheet, as a data collection form, is one of the seven basic quality tools (Uddin, 2021).
Check sheets or forms are applied to record data in a simple and accessible way (Dale, 2003;
Leavengood & Reeb, 2002). It can be applied to collect and determine any unfavourable events that
may occur within the process, such as non-conformities positions and items, machine or associated
equipment breakdowns, and non-value-adding activities (Dale, 2003).

It is a document which is prepared previous to the data collection and recording, and for its
construction, the six steps proposed by Dale (2003) and presented in Figure 4, can be followed.
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Figure 4- Check Sheet creation steps (adapted from Dale, 2003)

Uddin (2021) shows the aplication of a check sheet to collect information about defects and
variation in grading, in the the hardwood flooring industry. Leavengood and Reeb (2002) affirm that
the check sheet is a helpful tool for collecting data for the Pareto diagram, and also presents a
practical example of this combination.

3.1.4.2. Pareto Diagram

The Pareto diagram is a form of bar graph that sorts the results from the more frequent one to the
less frequent one. This graph has two vertical axes: the one in the left shows the ocurrence of each
event and the one from the right represents the cumulative sum of the occurrence of the events that
could be solved, usually in percentage (Dale, 2003). The goal is to prioritize events, highlighting the
reality that most problems come from a few causes. The Pareto analysis can indicate which problems
to solve and in what order, along with providing a comparison over different time periods (Dale,
2003).

The Pareto chart was created when Wilfredo Pareto, an Italian scientist, that understood that
80% of the wealth was received by 20% of people in Italy (Leavengood & Reeb, 2002). M. Juran
converted a 80/20 Pareto rule to develop the 80/20 Principle, also known as the Pareto Principle
(Realyvésquez-Vargas et al., 2018).

The Pareto diagram main advantages are that: it decomposes a problem into categories or factors;
it identifies the key categories that contribute the most to a specific problem; it allows prioritizing
the vital problems over the rest, and it shows where to focus efforts (Realyvasquez-Vargas et al.,
2018).

For the Pareto diagram construction, the ten steps designed by Dale (2003), presented in Figure
5, can be followed.
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Figure 5- Pareto Diagram creation steps (adapted from Dale, 2003)

Roriz et al. (2017) present an industrial case study where a Pareto diagram, was applied to
analyze the initial situation, and to identify, from the various non-conformities, the one that was
detected more frequently. This Pareto diagram is presented in

Figure 6, where can be observed as an example of the Pareto structure that correspond to what
was previously described by Dale (2003).

B Number of nonconformities

7 100%
1 80%
1 60%
1 40%
1 20%

Figure 6- Pareto Diagram example (Roriz et al., 2017)
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Realyvasquez-Vargas et al. (2018) in their study supported the idea that the combination of
PDCA cycle, Pareto diagram and flowchart help to globally increase the competitiveness of
manufacturing companies.

3.1.4.3. 5W2H Method

The 5W2H method can be used to make a characterization of the problem, highlighting the most
important information, merely by executing seven questions: five W’s — what, why, where, who,
when —, and two H’s — how and how much (Czerwinska et al., 2020; Pacana & Siwiec, 2021). In this
way, a clear and short definition of the problem can be obtained (Czerwinska et al., 2020). The 5W2H
method is also applied to help in the development of efficient action plans, with the aim to make
better decisions and to better understand what needs to be done, in a problem solving or process
implementation (Nagyova et al., 2019).

Czerwinska et al. (2020) mention the importance of the traditional SW2H method being
implemented in an analysis cycle, in which its output is the input of another quality management
tool, the Ishikawa diagram.

3.1.4.4. Ishikawa Diagram

The Ishikawa diagram also known as cause and effect diagram, is utilized in a way to distinguish
the possible causes and identify root causes (Pacana & Siwiec, 2021). This diagram have the format
of a fish, the problem to be analysed is identified in the section named fish head, and the potential
causes and sub-causes are exposed in the fish bone structure (Luca & Pasare, 2019). An example of
the Ishikawa diagram structure is presented in Figure 7, and it was applied in Botezatu et al. (2019)
industrial processes investigation to focuses the aspects able to affect the roughness of the surfaces
obtained by milling on cast iron workpieces.

Selected
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Figure 7- Ishikawa Diagram example (adapted from Botezatu et al., 2019)
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In the manufacturing processes, the quality characteristic of the product can be affected by the
resources often known as 5MI1E: Man, Machine, Materials, Method, Measurement, and
Environment. This are the resources normally applied in the first level of the Ishikawa Diagram,
where the possible causes of indications are identified (G. J. Duan & Yan, 2020; Pacana & Siwiec,
2021). For Duan (2020), this six resources are involved in all manufacturing process and are
described as inputs in the manufacturing activities, resulting in data as output.

Chokkalingam et al. (2017) affirm that the major advantage of applying the Ishikawa diagram
is that it is a visual tool, in which all the information collected is in a graphic structure. As a visual
tool, the Ishikawa chart encourage and appeal team members to contribute for the problem analysis
(Brook et al., 2015).

In Chokkalingam et al. (2017) defect investigation, it was used a Ishikawa diagram different
from the traditional one. It was applied a quantitative Ishikawa diagram, in which a weight was
attributed to each cause and its percentage of influence in each defect, and all this data was presented
in the diagram.

3.1.45. 5 Whys Method

The 5 Whys method is an iterative interrogative technique applied to explore cause and effect
relationships associated to a specific problem, quickly implemented in the Toyota corporation
(Nagyova et al., 2019; Zasadzien & Midor, 2018). It is considered a type of brainstorming
methodology, where the main objective is to identify the root cause of the problem, and consists in
asking five times the question “Why?” (Ahmed & Rezouki, 2020; Pacana & Siwiec, 2021). Each
answer to a ‘why’ question forms the basis for the next ‘why’ question (Nagyova et al., 2019). In
theory, the purpose of this method is that after asking ‘why” five times one of the ‘why’ is likely to
reach the root cause (Al-Zwainy et al., 2018).

For Al-Zwainy et al (2018) an advantage of the 5 Whys tool is the fact that it is simple to use
and it is easy to complete without statistical analysis. Card (2017) defends that 5 Whys is a common
tool for RCA because of a combination of pedigree, simplicity and pedagogy. Card (2017), in a way
considers the simplicity of the tool as an advantage, but also states that the main problem of applying
the 5 Whys is the fact of completely simplifying the process of exploring the problem. Thus, the
author states that this tool forces users to pursue only a single analytical path for all the problems,
insisting on a single root cause as a target for solutions and assumes that the fifth ‘why' is inherently
the most effective and efficient spot to intervene. He concludes that the tool “can illustrate both the
need for depth - as a positive example - and the need for breadth - as a negative example -, when
analyzing complex problems” (Card, 2017).

Al-Zwainy et al (2018) say that the 5-why analysis technique can be used individually or as a
part of the Ishikawa diagram. In the Ahmed and Rezouki (2020) study, for example, they applied the
5 why to “filter” the Pareto diagram results. In their paper, Zasadzien and Midor (2018) applied the
5 why tool, together with other quality engineering tools, to improve the maintenance processes in a
small company providing services for the agricultural and construction industries.
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3.1.4.6. Quick Response Quality Control

The Quick Response Quality Control (QRQC) tool has Japanese roots, since it was developed at
Nissan and is grounded in the Japanese attitude known as San-Gen-Shugi, in combination with a
daily management activity to support problems, and its analysis and resolution in a period of time
well-known by every participant (Brito et al., 2017; Nedeliakova et al., 2018). The name San (Three)
Gen (Reality) and Shugi (Principle) is related with the three realities presented in Table 4, adapted
from Sibaja research (as cited in Villalba et al., 2019).

Table 4- The three realities of San Gen Shugi (adapted from Villalba et al., 2019)

Realities Questions
Where is the work done?
Genba?
The real place?
The actual condition of the thing?
Genbutsu?
The product, the defect?
Actual situation?
Genjitsu?
The facts, not theory?

The QRQC tool is characterized as a simple and logical solution to a given production or business
operation problem within the twenty-four-hour timeframe. It is a technique that focuses on quality
control to guarantee that all problems are identified and isolated, and a subsequent solution is found
and implemented quickly and effectively (Brito et al., 2017).

Brito et al. (2017) present QRQC as a philosophy capable to find the requirements related to the
necessary speed in answering to the customers’ needs, in such a way to become a crucial
differentiator for the preservation of a sustainable business in a competitive market, regarding
problem solving techniques on the manufacturing shop floor. In some cases, a quick response is vital
to preserve the customer and processes, in order to prevent an unwanted situation (Nedeliakova et
al., 2018). QRQC is considered a team approach with two important points that should be
emphasized: the first one is "speed is a differentiating element in any quality system™ and the second
one is "speed is not synonymous of superficiality or careless approach” (Brito et al., 2017;
Nedeliakova et al., 2018). In their study in a railway context, Nedeliakova et al. (2018) present an
QRQC application based in four main activities and seven phases, as can be seen in Figure 8. The
four main activities are the same ones applied by Villalba et al. (2019), in their study in the
automobile area.
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Figure 8- QRQC main activities and steps (adapted from Nedeliakovd, 2018)

According to Woijtaszak, this tool is used in many different areas along the supply chain, as for
example, it can be applied for customer complaints, internal scrap rates, Overall Equipment
Effectiveness (OEE), accident rate, among other applications (as cited in Brito et al., 2017).

Rocha et al. (2017) present a quality management improvement implementation in the
automotive sector. For this objective, the QRQC methodology was applied, involving the
combination of four sequential quality tools: 5W2H, Ishikawa 5 Why Diagram and Pareto Diagram.
In the context of the automotive industry, Villalba et al. (2019) describe a study with the aim to
propose the application of visual management techniques and the implementation of a QRQC
methodology for problem solving in distribution logistic activities and demonstrated, through a case
study, the benefits in terms of customer satisfaction and reduction of internal costs.

The practical case results shown by Brito et al. (2017) concluded that “the QRQC constitutes an
innovation in the field of quality management, as it combines management and attitude in order to
solve, in a simple and logical way, the great part of the production problems". Nedeliakovéa et
al.(2018) applied the QRQC tool in a rail transport process and concluded that it enables certifying
products in rail transport to assure quality and accomplish delivery times.
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3.2. Quality Control in the automobile industry

Next is present a review of the theme quality control in the automobile industry, with a particular
focus in the high voltage production.

3.2.1. High Voltage wiring harness: hybrid and electrical vehicles

A wiring harness is a set of circuits - conducting wires - and components whose main function
is to coordinate and control the entire electrical distribution system of the vehicle, as for example the
headlights, the ignition, and the windshield (YYazaki Europe, 2021a).

Depending on the type of vehicle - combustion, hybrid or electric — there are two types of wiring
that are produced: low voltage and high voltage (HV). The low voltage wirings are applied in so-
called standard vehicles, as Otto et al. (2020) describe, which operate almost entirely through internal
combustion engines. However, in the case of HV, their production is recent. It started in the last
decade, as a response to the technological development of the automotive industry, commanded by
consumer convenience and government requirements (Torrisi et al., 2005). The HV wirings are
produced to be integrated in electrical and hybrid vehicles, that have started emerging successfully
in the market over the past few years, in parallel with the increase in environmental and sustainability
concerns. These concerns are also integrated in the government requirements which were previously
referred. The difference between the two e-mobile vehicles - hybrid and electrical - is that a hybrid
vehicle is "a vehicle with a conventional engine and an electrical motor", and electrical vehicles
"have only an electrical motor, or multiple electrical motors, to propel them" (Otto et al., 2020). Thus,
in a hybrid vehicle, the low-voltage and high-voltage wiring harnesses coexist (Q. Duan et al., 2021).

In hybrid and electrical vehicles, a power voltage of 520V is generally applied, which strongly
differs from the 28V of the traditional system. The high value, which represents a quantity of more
492V than the ‘standard vehicle’, can conduct to an increased and risky number of quality problems,
such as corrosion, electromagnetic noise, arc discharge and leakage (Q. Duan et al., 2021).

3.2.2. Quiality concerns and safety risks

As previously mentioned, for a company to maintain its leadership in the market, a sustainable
competitive advantage is needed, achieved with the prioritization of high quality products (Ahire &
Dreyfus, 2000). For this purpose, strict quality control is required, involving effective management
of internal defects. This management makes it possible to prevent defects by reducing the amount of
rework and scrap (Ben Ruben et al., 2017). Defects are considered one of the wastes in manufacturing
systems that most affect in a negative manner the delivery times, cost and quality of products,
inducing critical situations between the company and the customers (Realyvasquez-Vargas et al.,
2018). It is a severe matter when a nonconforming product arrives at the customer because, in
addition to degrading the image of quality associated with the brand, it can cause safety problems,
thus provoking serious dangers. This is of particular concern in some sectors, like the automobile
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industry (Lixandru, 2016). Leavengood and Reeb (2002, p. 2) explain the terms ‘nonconforming
product’ and “nonconformity” in the follow way:
“A nonconforming product is one that fails to meet one or more specifications, and

a nonconformity is a specific type of failure. A nonconforming product may be termed
defective if it contains one or more defects that render it unfit or unsafe for use. Confusion
of these terms has resulted in misunderstandings in product liability lawsuits. As a result,
many companies have adjusted their internal terminology and now use the terms

2 9

‘nonconforming’ and ‘nonconformity’ in favor of ‘defective’ and ‘defect’.

Regarding safety in the wiring harness production, Q. Duan (2021) emphasizes two points to be
considered, which are related to components integrated in the design of high voltage connection
systems, namely a) high voltage interlock loop (HVIL) and b) environmental seal of connector, with
both components examples in Figure 9.

Figure 9- a) High voltage interlock loop (HVIL) and b) Environmental seal of connector

3.2.3. Quality control to guarantee product quality

Duan and Yan (2020) describe the quality of a product as a set of requirements strongly linked
to the product characteristics. According to Hu et al., in automobile production, an increase in product
variation has a negative relationship with product quality, among other factors (as cited in Otto et al.,
2020). According to Yingying et al. and Zhang et al., the entire product manufacturing process can
impact the product quality (as cited in G. J. Duan & Yan, 2020). Duan and Yan (2020) sustain that
when a quality problem in the production process occurs, it was most probably caused by one or a
combination of the 5M1E quality resources. For example, Gouiaa-Mtibaa et al. (2016) affirm that
preventive maintenance policies can impact considerably in increasing equipment reliability as well
as product quality. As Duan and Yan (2020) affirm, "The main purpose of product design is to
provide product functions to meet user demand. The purpose of quality features is to ensure the
realization of product functions”. Established on the role of the quality features in the product
manufacturing process, they can be divided into three categories: (1) Functional quality features -
refers to a product function that ensures the user’s needs are met; (2) Direct quality features - meets
the requirements of the functional quality characteristic; (3) Indirect quality features - derived during
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the design process to ensure direct quality characteristics, which are usually directly related to the
product structure (G. J. Duan & Yan, 2020).

Linked to product design, Dr. Juran defended that quality cannot be inspected into the product,
instead it should be designed into a product, at the earlier phases of product development (as cited in
Gijo, 2021). However, Kujawinska and Vogt (2015) defend that controlling belong to the four main
functions of management, together with planning, organizing, and leading. Among the various
categories of controlling in the production companies, quality control is one that has a significant
importance, and in the production processes is defined as “the evaluation of one or more features of
the product, and comparing the result with the expectations” (Kujawinska & Vogt, 2015). In the
automobile industry, quality control aims to reduce internal defects, namely to diminish levels of
rework and scrap (Ben Ruben et al., 2017). In addition to causing security problems, non-compliant
products involve a high monetary cost for the organization, and leads to the increasing costs of poor
quality (Abrahams et al., 2015; Gryna, 2001). As presented by Gryna (2001), the costs of poor quality
are defined as the “annual monetary loss of products and processes that are not achieving their quality
objectives”. The three variables that most affect the cost of poor quality are cost of nonconformities,
cost of inefficient processes and cost of lost opportunities of sales revenue.

A sustainable competitive advantage in a market, as necessary in the automobile industry, is
achieved by prioritizing high quality products (Ahire & Dreyfus, 2000). In a literature review on this
topic, Luca and Pasare (2019) concluded that the product quality is a focus on the management of
companies that intend to profit from the sale of products in competitive markets. Bayazit and Karpak
(2007) affirm that zero defect is one of the priorities and focus for quality control of companies from
different industries.

Duan and Yan (2020) strongly underline that the future of quality control passes by intelligent
production systems using Internet of Things (IoT). They created a real-time quality control system
(RTQCYS), that relates historical data information with measured data flow information, with the aim
of quality prediction (G. J. Duan & Yan, 2020).

3.3. Business Process Management

Business Process Management (BPM) is considered a tool with influence in several areas of
computer research (Geiger et al., 2018). This tool has evolved from other management concepts,
such as information technology innovation, quality management, Business Process Reengineering
(BPR), process modeling and workflow management systems (Hassan, 2017).

BPM is used to model organizational processes in modeling languages, followed by the
implementation of process models in executable software (Geiger et al., 2018). It is applied with the
main objective of aligning business processes with the strategic objectives of the organization and
with the needs of customers, changing the approach from functional orientation to process orientation
(Arevalo et al., 2016; Nadarajah & Kadir, 2014). It is intended to ensure that critical processes that
directly affect customers are efficient and effective. The main aspects of BPM are the structured,
analytical, multifunctional process, focused on the customer and continuous improvement
(Nadarajah & Kadir, 2014). The application of BPM allows the user to focus on the design, execution,
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monitoring and improvement of business processes. Currently, companies adhere to systems that
support the execution of processes, to simplify and automate intra-organizational processes
(Mendling et al., 2018).

For a correct application of BPM, the BPM Life Cycle is presented bellow in Figure 10, which
essentially consists of six steps: process identification, discovery of the process, process analysis,
process redesign, implementation of the process, and process monitoring (Dumas et al., 2018). This
methodology is employed to help identify critical point and propose possible improvements (Dumas
etal., 2018).

Process
identification

Process
discovery

Process

o Process analysis
monitoring ¥s

Process
implementation

Process redesign

Figure 10- BPM lifecycle (adapted from Dumas et al., 2008)

3.3.1. Business Process Model and Notation

Business Process Model and Notation (BPMN) is a currently widely accepted language for
process modeling, both in industry and in research. The model created by the Object Management
Group (OMG), has the aim to describe functional behaviors of a business process (Boonmepipit &
Suwannasart, 2019). BPMN is a standardized notation for communication between stakeholders in a
business process and, according to Boonmepipit and Suwannasart (2019), the BPMN symbols are
classified in four basic categories: a flow objective, data, a connecting object, a swimlane, and an
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artefact, exemplified in Figure 11. In Figure 12 is presented an example of a payment process
modelled by BPMN, with application of symbols from the four previous categories.

Flow Objects Connecting Objects Swimlanes Artifacts
_
Sequence Flow D
Data Object
Gateways Pool
O Mossage Flow > { Annotation text
Text Annotations
Activities i ~
e ! i
Association Lanes ! I
(within a pool) 1 1
Events Group

Figure 11- BPMN symbols (Simple Programmer, 2021)
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Figure 12- BPMN process example (Recker, 2010)

BPMN can provide the connection between the business process design and the process
implementation (Garcia-Dominguez et al., 2012). Another advantage of BPM is that allows to model
different aspects and perspectives, namely, control-flow, organizational, case and time (Arevalo et
al., 2016). However, Arevalo et al. (2016) emphasize a negative aspect of BPMN being the fact that
it does not consider the time dimension in its models, and, to improve this tool, they applied a model-
driven approach to propose a BPMN metamodel extension to address time-perspective. Boonmepipit
and Suwannasart (2019) also highlight the fact that BPMN cannot handle the decision-making in
business processes, but refer the Decision Model and Notation (DMN), created by OMG, as an
alternative to complement BPMN and to manage the decision-making of business processes. In their
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study, Respicio and Domingos (2015) approach the reliability of the overall BPMN processes and
underline the fact that BPMN needs to include Quality of Service (QoS), because of the relevant
aspects of QoS in business processes.

The latest version of BPMN 2.0, published in January 2011, emerged as a support for the
execution of BPMN process models, adding a standardized serialization format to the standard. The
implicit objectives of this update are to bridge the gap between process modeling and software
execution (Geiger et al., 2018).

In their article, Garcia-Dominguez et al. (2012) present a comparison of BPMN 2.0 with other
notations, such as IDEF3 and Value Stream Mapping (VSM), through a case study based on a textual
description of a manufacturing process. IDEF3 is a tool created to capture descriptions of sequences
of activities, that applies two kinds of models: process schematics and object schematics (Mayer et
al., 1995). With the comparison they concluded that: BPMN 2.0 can be characterized as a ‘superset’
of IDEF3 process schematics, even though BPMN cannot model the existing objects and their
transitions like IDEF3 object schematics can, and that VSM is a more considerable simpler notation
that can complement BPMN. Based on the case study results, they recommend the BPMN 2.0
application in two situations: "describing the information-intensive activities which support the
manufacturing process”, and "describing repetitive manufacturing processes with few variations"
(Garcia-Dominguez et al., 2012).

3.3.2. Bilateral effects between Business Process Management and
Total Quality Management

As previously mentioned, one of the seven principles of TQM is the Process Approach, defined
as the application of a process system, including the identification, management, and interaction
between them. This approach allows the organization to reduce costs by simplifying and optimizing
processes (Diamandescu, 2016; Pinto & Soares, 2018). This concept meets the main objective of
BPM addressed by Mendling et al. (2018), which aims to simplify and automate intra-organizational
processes.

With the application of BPM, a correct process structure is proposed to ensure correct
organizational management, together with the implementation of quality tools. It is important to
integrate process management with continuous improvement in order to ensure a more streamlined
communication between processes to solve existing problems and increase the added value to those
through continuous improvement (Bardales et al., 2020).

BPM is an important tool in several quality areas. The example presented in Saab et al. (2018)
article isrelated to the control of predictive quality performance and the continuous search for quality
anomalies in quality performance over time. In this case, it the author emphasize that is essential to
understand what is the focus, and which analytical methods are required for implementing control
and improving quality using BPM, as well as which analytical methods to detect and predict
anomalies (Saab et al., 2018).
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The TQM paradigm focuses on all processes in the organization and is primarily based on a
systematic approach to BPM. The PDCA cycle can be considered as a general BPM structure within
the TQM. That is, under the TQM model, BPM focuses on the integration of TQM principles,
methods and tools in processes (Stravinskiene & Serafinas, 2020).

Ahire and Dreyfus (2000) claim that design management and process management are two
important elements in the implementation of TQM, although they are drastically different in relation
to their improvement, visibility and technical objectives. In order to analyze the impact of design
management and process management on operational quality, the authors carried out a study that
involved the participation of companies from different industries. They concluded that, with
improvements in design and process management, there is a clear positive impact on internal quality
data - such as scrap and rework reduction - and external quality data - such as the number of
complaints, warranty, litigation, and market share. The results of this study also indicate that
organizational learning allows companies with a mature implementation of TQM to apply more
rigorous design and process management efforts, and that their synergy of efforts provides superior
quality results. In the case of high-voltage cables, Duan et al. (2021) claim that their design is the
key technology to guarantee the trustworthiness and safety of the drive system. However, they
present a design problem of the hybrid cars: the electromagnetic interference (EMI), which involves
the constant optimization with electronic module and wiring harness design (Q. Duan et al., 2021).

3.4. Information Systems

3.4.1. Information Systems concept

Whitten and Bentley (2007) define ‘system’ as "a group of interrelated components that function
together to achieve a desired result". In relation to the term ‘Information System’ (IS), they define it
as "an arrangement of people, data, processes, and information technology that interact to collect,
process, store, and provide as output the information needed to support an organization" (Whitten &
Bentley, 2007). Keen described IS as “the effective design, delivery, and use of information
technologies in organizations” (as cited in Tate et al., 2014).

IS are applied for data registration, storage, and process. A IS converts data into useful and easy
information to use, in a way that data is the input, and information is the output of the process
(Devanbu et al., 1991). IS distribute information that can be applied to support decision making in
an organization (Bernroider & Stix, 2006). When there is intervention of the human mind, the
information can be transformed into knowledge, through the information interpretation (Kendall &
Kendall, 2013; Whitten & Bentley, 2007). As Ortiz and Park emphasize, the lack of information can
trigger problems in people, processes, and organization, and does not add value to the customer. In
addition to this idea, Bilalis et al. also explain that even if the information is available, corporations
have the daily challenge of analyzing and communicating effectively, as they affirm that information
need to be "visible, clear and simple" (as cited in Cepeda & Lopes, 2019).

Whitten and Bentley (2007) emphasize four perspectives to view an information system: the
players, the business drivers, the technology drivers and the process. The same authors also present
ten basic principles for system development: [1] get the users involved; [2] use a problem-solving
approach; [3] establish phases and activities; [4] document throughout development; [5] establish
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standards; [6] manage the process and projects; [7] justify information systems as capital investment;
[8] don't be afraid to cancel or revise scope; [9] divide and conquer; [10] design systems for growth
and change.

According to Dennis et al. (2009), the System Development Life Cycle (SDLC) is constituted
by the four main phases for a system developed: planning, analysis, design and implementation.
However, Kendall and Kendall (2013) describe a system development with seven phases, as
presented in Figure 13. According to Bashir et al. (2016), software maintenance is the most important
phase of a software development life cycle as maintenance consumes almost forty to eighty percent
of the total software development cost.

Premiliar
investigation

Implementation

Contruction and tests

Problem analysis Design Maintenance

Requirements

analysis Decision analysis

Figure 13 — Information System development steps (adapted from Kendall and Kendall, 2013)

Tate et al. (2014) emphasize the importance of measuring the IS success, because of the costs
and risks of these large technology investments in comparison with their potential beneficial return.

In their article, Raman and McClelland (2019) explore and present a broad agenda on future
research about information systems, with a joint goal approach of compassion and financial gain
through information and communication technologies. They defend that compassion-driven
approaches are the sustainable way for information and communication technologies to contribute to
economic value.

3.4.2. Quality Data Systems

In their paper, Kano and Nakagawa (2007) highlight a problem common to many different
industries: "how to build a reliable model from limited data, how to analyze the model and relate it
to first principles, how to optimize the operating condition, and how to realize a system monitoring
and control online and maintain it”. According to the study approached by Ferdousi et al., (2018),
information technologies are considered an organizational factor, which in addition to allowing the
transmission of information in a faster and more timely manner, also help in the use of tools and
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systems that support the organization's on a daily basis, in terms of management of process and data
managing and quality reporting.

Quality Data Systems (QDS) serve as data storage tools. This data history allows the treatment
and analysis of data. With this treatment, it is possible to identify critical points, analyze the causes
and propose solutions (Hariono et al., 2018).

Kano and Nakagawa (2007) identify the use of operation data to improve product quality and
yield, applying a data-base approach, Data-based can assist in the process control and monitoring in
various industries. They also affirm that to attain product quality improvement, it is necessary to
develop a system having at least these three functions: “to predict product quality from operating
conditions; to deduce better operating conditions that can improve the product quality, and to detect
faults or malfunctions for preventing undesirable operation (Kano & Nakagawa, 2007).

As Adamus et al. state, quality management systems do not possess the identical structure or
design (Gumpert & Reese, 2019).

3.4.3. Information Systems Modelling: UML

Unified Modeling Language (UML) is a type of language standardized by the Object
Management Group (OMG), which stands out for its simplicity and versatility, facilitating its use
(Ciccozzi etal., 2019). UML has earned recognition in the last few years due to its multi-view support
(Bashir et al., 2016). It is mostly used to specify, build, visualize and document object-oriented
information systems, offering various diagrams to model software systems. (Bashir et al., 2016;
Dobing & Parsons, 2006). The principles on which it is based are simplicity and consistency in the
use of different elements. The basic structure of the UML are basic elements on the basis of which
the diagrams are defined; relationships that relate the elements; and diagrams that group the elements
(Dennis et al., 2009). In this way, UML offers a set of intuitive graphical and textual description
techniques that are supposed to be easily understandable for both system developers and expert users
working in the application domain (Breu et al., 1997).

Davies et al. (2006) present a paper with results of a survey conducted nationally in Australia on
the status of conceptual modeling, gathering 312 responses. The study found that UML was between
the six more frequently used modeling techniques, along with ER diagramming, data flow
diagramming, systems flowcharting, workflow modeling, and structured charts.

In the next section, the Class Diagram and the Relational Model are further explored, as they are
going to be applied in the practical part of this project.

3.4.3.1. Class Diagram

A class is a description of a set of objects and contains attributes and operations. Inside a class,
these objects have similar properties, or relations in common (Breu et al., 1997). Thus, the class
diagram represents the classes that comprise the system, excluding dynamic information, that is
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showing what the classes are and how they are related, but it does not show how they interact (Siau
& Lee, 2004).

A Class Diagram presents a group of classes, interfaces, collaborations, and relationships.
Relationships also have multiplicity, which details how an instance of an object can be associated
with other instances (Dennis et al., 2009). In Figure 14 is presented a class diagram example of an
order system. For example, are identified and can be observed:

e The class Customer with the attributes name and address;

o The types of relationships: association; aggregation and generalization;

e Multiplicity (i.e., one customer can make zero or several orders; one order only can be
made by one customer);

e Line item as a Role in an aggregation relationship;

e Payment as an Abstract class.
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‘I. : — c::“" 1 : OrderDetail Item
= . a8 = o N
Customer v -status : Stiing ¥ y  [guanily -shippingWeight
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-bankID : String -type : String
+authorized() -expDate
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Figure 14- Class Diagram exemple (Visual Paradigm, 2021)

It is considered a static model, because the structure that it describes is always valid,
independently of the lifecycle phase of the system (Dennis et al., 2009).

3.4.3.2. Relational Model

After the class diagram is performed a transition to a Relational Model follows. For the transition
to occur without problems, the class diagram must be prepared with the perspective of modeling the
structure of a Database (DB); The Relational Database (BDR) contains a structure of tables,
composed of columns (attributes) and rows (Tuples), with related tables, when necessary (Dennis et

al., 2009).
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4. Practical project

4.1. Yazaki

Yazaki is strongly considered the world's largest producer of electrical harnesses. A harness is a
set of circuits - conducting wires - and components whose main responsibility is to coordinate and
control the entire distribution of the car's electrical system, as for example the headlights, the ignition
and the windshield (Yazaki Europe, 2021a).

Yazaki's history began in 1929, when Sadami Yazaki started selling electrical wires for
automobiles. In 1941, with the founding of Yazaki Electrical Wire Industrial Co. Ltd. and a
promising development in the automotive industry at the time, eight years later the company founder
made an important strategic decision to focus on the production of automotive electrical harnesses,
which sets the course for success of this company until today (Yazaki Europe, 2021a).

Currently, this Japanese group is present in 45 countries, in a total of 142 locations. Deeply
rooted in Japanese cultural traditions and values, its main focus is customer satisfaction (Yazaki
Europe, 2021a). Yazaki group plants can be described as monozukuri companies. Monozukuri is a
Japanese word that literally means ”production”, “manufacturing” or “making of things”, consisting
of the words mono which means “products”, and zukuri which means “process of making or creation”
(Saito, 2006). The wider meaning includes a combination of technological expertise, know-how and
spirit of Japan's manufacturing practices (Nakano, 2017).

Yazaki has a global commitment to provide high value and services to all customers, reflected
in the excellent quality of its products. With a focus on technological developments and monitoring
market needs, Yazaki offers a wide range of products in the global automotive and energy systems
sectors. Recently, it began its expansion into a third sector, mainly focused on the areas of nursing
care and business related to the environment issues. In the integrated business system currently at
Yazaki worldwide, there can be found areas such as research and development, production, sales and
local management (Yazaki Europe, 2021a).

At Yazaki, the synergy of information between factories through the combination of resources
is intrinsic to the company's culture, providing an exchange and implementation of ideas and
practices from one region to another, that result in innovation, excellent results and global success
(‘Yazaki Europe, 2021a).

4.1.1. Yakazi Saltano de Ovar

Currently, Yazaki is recognized for its pivotal role in valuing and developing the automotive
industry, for the quality of its products. In Portugal, this organization has a plant operating, Yazaki
Saltano de Ovar (YSE), which also represents an industry with a strong impact on the national
economy. Figure 15 shows an aerial view of the YSE plant.
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Figure 15- Yazaki Saltano de Ovar (YSE)

In 1986, Portugal was the pioneer European country for the implementation of a Yazaki
production plant. Today, YSE is a Japanese automotive multinational, which includes an R&D center
- Porto Technical Center (PTC) - which develops the technical designs of the components, and the
Manufacturing Unit divided in five different production areas: Electrical Distribution Systems
(EDS), Datacon, Molds, Wire and Power Distribution Units (PDU).

4.1.1.1.  Electrical Distribution Systems

The Electrical Distribution System (EDS) is the area where the vehicles’ electrical distribution
systems are produced. In this production area, wiring is normally produced for four parts of the car:
engine, doors, main part and body.

Depending on the type of vehicle - combustion, hybrid or electric — there are two types of wiring
that are produced: low voltage and high voltage (HV). The low voltages wirings are applied in
standard vehicles, which operate almost entirely through internal combustion engines. The HV
production started in the last decade, as a response to the technological development of the
automotive industry. The wirings HV are produced to be integrated in electrical and hybrid vehicles,
that have started to emerge successfully in the market over the past few years, in parallel with the
increase in environmental and sustainability concerns.

Within the low voltage and high voltage production, the EDS lines are divided by customers, and
each costumer has projects.

The practical project described in this work is inserted in the EDS area, in a high voltage wiring
(HV) production sector designated as Customer X. In the Customer X production area products from
two projects are produced: PROJ1 and PROJ2.
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4.1.2. Quality Culture

Organizational culture is identified as critical for TQM implementation and the company
performance, and managers should be conscious of the culture values emphasized in their
organization because of the direct impact on the TQM practices and performance (Valmohammadi
& Roshanzamir, 2015). This idea is likewise deeply rooted in Yazaki's daily work.

Quality is a Yazaki core value. As stated by the current Head of Central Quality, in Yazaki the
established working method is to “work in a safe environment, with quality focus and always with
high motivation, to enhance customer trust.” (as cited in Yazaki Europe, 2021b). In this automotive
industry company, high quality products and services, application of innovative tools and processes,
consistency, and customer satisfaction are prioritized. The quality system which is applied is
transversal to all factories, and the dedication to high quality is required due to the focus on the
customer (Yazaki Europe, 2021b).

At Yazaki, these results are an example of a collective responsibility for quality. All employees
contribute to the applied quality system. The belief that the best way to achieve excellence in quality
is rooted is through problem prevention, and not through its late detection and correction (Yazaki
Europe, 2021b).

The Policy that is followed in the company culture is expressed in Figure 16.

* Always remain above the expectations and requirements
Customer focus of the client, in order to offer superior value, and give
importance to the evolution of the needs of the customer.

. /
e N
Employee motivation and *Focus  on  developing  employee  skills, open
. . communication and a culture centered on work ethics and
satisfaction
respect.
- J
4 ™\ . . o
_ *Incorporation of risk assessment thinking and lean
Process Aproach and Continuous philosophy. Application of a PDCA methodolgy and
Inprovement continuous improvement tools, as also focus on product
L ) Innovation.
4 ™

*Consistency in the search for excellence in quality by the

Quality excellence entire oganization.

. J

Figure 16- Yazaki Quality Policy (YYazaki Europe, 2021b)

To evaluate the quality excellence of the company, main Quality KPI’s are used and are
applied to all factories. In Table 5, the main Quality KPI’s applied at Yazaki for the defect analysis
are listed. In addition, a brief description or how they are calculated is presented.
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Table 5- Yazaki Quality KPI's

CO Claims:
Customer official

Number of claims raised by the customer officially.

RE Claims:
Resident Engineer
Claims

Number of claims raised by the Resident Engineers at customer side.

(MH = Man
Hours)

CO+RE/100KMH:

Number of CO + RE Claims
E3

106
MH

PPM: (Part Per
Million)

P1 and P2: Customer:

PPM = # of CO Defects pieces
# of shipped W/H to customer
10°

Number of P1 and P2 defects "
# Cut circuits

PPM = 106

DPM 1013:
(Defects Per
Million)

P3:

Number of P3 defects

* 103
# W/H produced

DPMx 103 =

FTT: (First Time
Through [%0])

P3:

Number of W/H passed with 0 defects in the E — checker
FTT = * 100
# W/H produced

RR: (Rework
Rate[%0])

P3:

R Number of W/H reworked out of production process 100
= *
# W/H produced

4.2. Initial situation

4.2.1.

Process analysis using BPM

In an improvement project, the first step is acknowledging and understanding the process. To
support the understanding of this process, a model was created based on the BPM method. This initial
process model was mapped by using the BPMN 2.0 tool on the Signavio platform.

For the construction of the model, the BPM lifecycle was applied. This methodology is employed
to help identify critical point and propose possible improvements.

To understand the initial situation process identified in YSE in October 2020, only the first three
steps of the BPM cycle were applied:
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1. Process identification: First, the process architecture was carried out to understand which
processes are important and need improvement. For this case, a process was addressed where
the need for improvement had already been indicated by the company. The internal defect
management process of the HV wiring assembly line was chosen because it is a recent and
an under-development area.

2. Discovery of the process: In this step, from the collection of information, the mapping of
the current process was constructed, identified as AS-IS Model.

In this practical project data triangulation combining text, survey, and interview data, as referred
in Kern (2018) was used. The three data sources explored were observation, informal interviews,
and analysis of documents, and they are described in Table 6.

Table 6- Information collection

Data Source

Description

Observation

The process was observed on the factory floor for 1 month. Employees were
additionally observed when they were completing all documentation involved in
the process, and at the end of the month the entire process was also monitored in
the database and information export.

Informal interviews

Informal interviews were conducted with 6 elements: the assembly and cutting
LQCs, the line manager, the rectifier, and the Quality Team Leader. These
interviews were conducted with these elements that are located daily on the factory
floor and are directly involved in the process, in order to obtain a model that most
closely represents the real situation in the area.

Documents

In addition to the analysis carried out on all documents that are completed during
the process, the Non-Conforming Product Control Standard was also analyzed.

After the information collection, it was possible to describe the process. First, it was identified
the division of the area, the team involved, the products produced and the types of defects that can
occur. Then, the process was described. Following, these steps are presented.

Area division

In the production of a HV wiring, we have three main production line areas: P1 (Cut), P2
(Crimping and Accessories) and P3 (Assembly). In this specific case, the wiring is produced in a
clean and close sector composed by two rooms, one integrated by the Cut, Crimping and Accessories
(P1 and P2) lines, and the other constituted by the Assembly lines (P3).
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Team involved

In the process of managing internal defects in the assembly lines, where the study will focus,
the team involved consists of the assembly line operator that identifies the defect, the rework
operator, the assembly line leader, the Assembly Quality Control Team (Assembly LQC) and the
Quality Team Leader.

Products

Currently, there are two main projects in this area, PROJ1 and PROJ2. In total, there are eleven
Part Numbers, each part number being produced in a dedicated line. From these eleven part numbers,
five belong to PROJ1 and six to PROJ2.

Process

This section will describe the internal defect management process of the High Voltage (HV)
wiring assembly lines for electric and hybrid cars. It will focus on the explanation of the management
process when a defect is detected in the assembly line and the register involved.

When an operator detects a defect, he places a Non-Conform Label, as presented in Figure 17,
duly filled on the product, and places it on the red box in the workstation. If the defect was detected
while the product is along the production line, the operator just mentally registers (remembers) or
writes it down on a scrap workstation paper. However, if the defect is detected on a final inspection
workstation, there are two possibilities: if it was detected in the electrical inspection, the operator
registers the defect in the electrical inspection sheet (example presented in Appendix A); if it was
detected in the 2" visual inspection or the firewall station, the operator registers the defect in the
visual inspection sheet (example presented in Appendix B).

PRODUTO NAO CONFORME 1

Figure 17- Non-Conform label
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As these products are transported in trolleys, the rectifier operator will go to the respective car
in parallel and check if there are more products with the same defect. The rectifier operator removes
the product from the box and then analyzes the wiring, fills the HV Wire and Harness Rectification
document (example presented in Appendix C) and performs the rework or the scrap process. If the
rework is performed, he needs to fill the Non-Conform Label with the identification that the rework
has been done, as presented in Figure 18, and then places the product back on the production line. If
the product can not be rectified, the rectifier sends it to Scrap and change the registration in the
computer system.

PRODUTO NAO CONFORME %

mEE |

Insp.Visual Linha I:lOurro
Insp.Elect. Auditoria

f oo Tomewor_wwom )
Nr. & Data Nr. & Data

‘. |
£aam. U0TT

Figure 18- Non Conform label with rework identification

At the end of the shift, each visual inspection operator registers all line defects in a scrap line
paper and gives it to the line leader that organize all line scraped papers (example presented in
Appendix D). After the end of the shift, because of lack of time, the line leader registers all defects
in the Aleatory Internal Defect sheet, which is designated in this process as Daily Log sheet
(Appendix E). In the next morning, before the beginning of the shift, the line leader fills the excel
document with the production information (Appendix F).

At the end of each month, the line leader delivers these sheets to the Assembly LQC. In the
second and third days of the next month, the Assembly LQC enters these data into the QEDS, which
is the current quality database used. Subsequently, the Quality Team Leader confirms the data and
extracts the monthly reports, where quality graphs are presented. The reports are printed and posted
on the assembly line to be shown to all employees.

With all this process information, the AS-IS Model was developed to represent the initial
situation, presented in Figure 19.
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Figure 19- AS-IS Model
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3. Process analysis: After the completion of the mapping of the AS-IS Model, an analysis of the
model was carried out.

After observing, understanding the process and all aspects involved in the management of
internal defects at Customer X it was possible to analyze the current situation and identify points for
further improvement.

To explore the problems identified in the BPMN model, an Ishikawa diagram was created, that
provides organized information visualization and deeper understanding of the critical point. The
Ishikawa Diagram is presented in Figure 20.
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Figure 20- Ishikawa Diagram for initial situation analysis
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As can be observed in Figure 20, the identified problems were divided in four categories,
explained in detail in the next points:

Production process

As previously mentioned, HV wiring harnesses are new products in the automotive industry. Due
to the constant changes included in 4M - Man, Method, Machine and Material - it is also necessary
to constantly update the documents applied on the production line and to manage defects. Some
examples are Quality Alerts and Process Standards - documents with examples of accepted product
(OK) and defective product (NOK).

Documents

High Voltage products can involve different and unknown defects, in comparison with the
normal production of the last decades, the Low Voltage wirings. In this way, it was possible to detect
that the coding defects presented in the Defect Coding Catalog (For Wire Harness), are not correctly
adjusted to High Voltage production. This situation can cause a wrong attribution of defect coding,
or even a different attribution of the same defect from two different collaborators.

Another aspect is that, as observed in the AS-1S Model, a high number of documents for the
defect registration is needed. Basically, people from different departments are registering the same
defect data, but for different information outputs, because in the end of the month this information is
also registered in the QEDS. This situation provokes rework and time loose, as presented in Table 7,
where we can observe that a high amount of time of the eight daily work hours is applied in these
registrations. The time presented expresses an estimate, identified using informal interviews with the
parties involved.

Table 7- Register time applied

Responsible Document Time/Shift
Electrical inspection operator Electrical inspection sheet 10min
Visual inspection operator Visual inspection sheet 10min
Visual inspection operator; Line leader Scrap line paper (register + organization) 3-5min
Line leader Daily Log sheet 15min
Line leader Production information excel document 10min
Rework operator HV wire and harness rectification document 10min
Assembly LQC QEDS (database) 60min
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Man

There are some communication failures, from one shift to the next, encompassed also by
communication failures and mutual assistance between the quality, production, and engineering
departments, or even from one area to the other. This situation provokes a lack of routine in defect
monitoring. This lack of investigation is also involved in the high recurrence of some defects, for
which the root cause has not yet been identified. Lack of communication can also lead to lost learning
opportunities because the interaction and exchange of knowledge between departments is not
promoted.

QEDS Database

The actual database used in EDS for management of the internal defects, the QEDS Database,
was created in a way to simplify the registration and creation process of graphics for the EDS Quality
Department at YSE. But in a more detailed analysis, it can be seen that the database is not sufficient
for the functions that need to be undertaken for a correct defect analysis and prevent defects to be
performed.

In this Database, for the administrators, it is possible to create, edit and remove: Clients;
Processes; Models; Shifts; Defects and Inspections. For the LQC’s it is allowed to introduce the data
related to the defects in each inspection and inspected circuits. For the rest of the team, it is possible
to see the Reports related to the defects that result from the inspections.

The Data base is divided by Mass Production and Prototypes. Inside of Mass Production — the
Customer X case — it is divided by P1, P2 and P3 area. In each inspection, in P1 and P2 area, the
compulsory fields to register are Area, Client, Process, Shift and Data. In P3 area, the required fields
are the same, but with the addition of Model.

The data registered can be submitted by the LQC in the end of the month, and only the
administrator can edit or delete any information registered. When the data is submitted, it is possible
to extract the monthly reports in three types of formats: word, PDF and Excel.

Training on the use of the Database was carried out with the Quality team. Then, the phase of
use and familiarization with the database took place, together with the analysis of the respective user
manual. After these steps, critical points were identified.

In the current process, a poor tracking of internal defects was identified with the current Quality
Data System (QDS), due essentially to two factors. Firstly, the fact that it is only possible to update
the QDS once a month. Second, the poor QDS functionalities in terms of the type of information
introduced and subsequently extract monthly reports with quality graphics. This aspect highlights
the lack of further investigation into the causes of defects that have occurred, leading to recurrence
of defects. HV is a recent and developing area, where there are defects that are being identified for
the first time, so that the correct analysis and identification of root causes must be considered as one
of the focuses in quality control. In this context, there must be a more frequent analysis than a
monthly one.
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Another issue is that this quality database is not used in any other Yazaki unit. There is no
homogeneity in the type of database used for all the companies. This fact can create difficulties in
accessing information by the Central Quality Team as they need to analyze the data from all the
factories in order to compare quality results.

4.3. Proposal improvements and implementation

In this section the main improvement actions proposed and implemented are described, namely
(i) a whiteboard creation, (ii) the investigation of defects and the identification of the most important
to solve, which consists in air leak detected in tests performed to the cables, (iii) the development of
new high voltage cables defect coding and (iv) the promotion of a new database modelling and
implementation.

4.3.1. Whiteboard as a Quick Response Quality Control

In the initial situation, it was found that the defects were not registered correctly, with all the
necessary information, and not even all the defects that occurred were registered. A reason for this
to happen is that the two projects are being examined are recent, and new and unknown defects can
occur.

Thus, in the assembly area, a Whiteboard was implemented to record the internal defects that
happen in this area. This Whiteboard was implemented as a Quick Response Quality Control
(QRQC) tool to help the team to analyse a defect situation and quickly respond to control and prevent
the problem. Based on the data obtained in this board, it will be possible to view and understand the
defect data reality that the area presents, in a more reliably way.

The Whiteboard implementation was initiated in the middle of November 2020 and was
performed under a PDCA cycle, a methodology which is already familiar in the company culture.
The applied cycle is described in Figure 21.

The first step consists in planning the implementation. A board was reused from another
production area and transformed for this purpose. The board and column title were designed, printed,
and plasticized, to be inserted in the board with double side tap. Information was collected with the
quality team to understand the aim of the information to register in the board. In this way, the seven
columns detailed in Table 8 were defined.
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PLAN

« Information organization
+Board creation
+LQC and rectifier training

ACT DO

Improvements aplication *Board implementation

« Daily meetings

CHECK

+Board monitorization
Improvement points analize

Figure 21- PDCA cycle for Whiteboard implementation

Table 8- Witheboard columns description

Column Name

Description

Part Number

Part Number of the product in which the defect occurred

Date / Shift

Date and shift in which the defect was found

Defect

Description of the defect

Line / station

Line and station where the defect was detected

Quantity Quantity of products with the defect detected

Cause Cau§e_0f the defect, the immediate cause. It was asked to describe it in more
detail in order to get to the root cause

Actions Depending on the causes identified, propose actions to be applied

Destination After analyzing the wiring, the product has the destination of scrap or rework.

After this preparation, in the last week of November 2020, the Whiteboard was ready to be
shown in the production line, in order to impact the team, including the operators, so that they could
recognize the seriousness of the quantity of defects that occur. An example picture of the Whiteboard

is presented in Figure 22.
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Figure 22- Whiteboard in the production area

In the Whiteboard, all internal defects identified in the three work shifts are recorded. This
registration is intended to be performed manually by the rectifier or the LQC of each shift. So, the
necessary training was performed between these collaborators: the whiteboard was explained, and
some example registrations were accompanied. The defect registration started in beginning of
December 2020.

After this implementation, daily meetings were implemented to monitor the defects. Every day
at 9 am, a fifteen minutes meeting is held in front of the Whiteboard to analyze the defects that
occurred in the three shifts of the previous 24 hours period. The members participating in this meeting
are presented in Table 9.

Table 9- Daily internal defect meeting participants

Department Participants
Quality The cut, crimping and accessory LQC, and the assembly LQC
Production Cut, crimping and accessory line leader

Assembly line leader

Rework operator

Production Engineering The area process engineer
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Although the management of internal defects is a responsibility of the quality team, it is
necessary to emphasize the importance of this meeting to generate a multidisciplinary and
cooperative environment. The presence of the line leaders is crucial because they are the ones who
coordinate the line operators on a daily basis and who are continually present on the shop floor, being
able to contribute with their point of view about what it is not correct and should be change, and to
transmit the opinions of the operators. The presence of the production engineering team is also
decisive, as given that Customer X's lines are constantly evolving, with changes, for example, in
machines and layouts, several defects can be caused by these changes. In these meetings, on the part
of the production engineering, interesting suggestions can also come up to take action on internal
defects because, by having the right information and being updated about the identified defects, they
acquire more understanding and experience for future modifications.

After the daily meeting, the cut, crimping and accessory line leader and LQC conduct a meeting
with their area operators, to show the defects, with existing examples using the physical wiring or
defect photos, and alert for future prevention. In this way, every production area collaborator is
updated and informed.

After four months of employing this teamwork work methodology in this area, in March 2021,
it was possible to conclude that this implementation was well accepted and helped to create a routine
and a more communicative approach to deal with the defects. Besides the daily meeting between
these three departments, line operators also demonstrated interest and concern to what is daily
discussed in the board.

In addition to the positive feedback, some improvement points were identified, and the
Whiteboard was changed for a new board layout. with the objective of improving the whiteboard
appearance and better organizing the information. The board is now bigger and has additional
columns. The new columns are described in Table 10.

Table 10- Whiteboard additional columns description

Column Name Description
Source The area where the defect was provoked

Responsible The person responsible to do the action

State The state of the defect analyses, divided in four phases:

1. Identification of the defect cause
2. Proposal of corrective actions
3. Implementation of corrective actions

4, Production OK
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The whiteboard template can be observed in Appendix G and the new board exposition in the
production line is presented Figure 23.

Figure 23- Improved Whiteboard in the production area

To help the three shifts understand the board information and for future trainings, a filling
standard was created, that can be seen in Appendix H.

The whiteboard implementation and outputs had very positive results and feedback. The
experience was so positive that the quality team decided to implement, at the beginning of May 2021,
the whiteboard in a new production area, for another client, as shown Figure 24.

Figure 24- Whiteboard implemented in another production area
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Lessons Learned

The Whiteboard implementation in the production area provided a clarified update of the area
reality. Being a big and visual tool, the board caught the attention of indirect collaborators but also
of the production operators. The operator curiosity in his/her own work quality increased, which had
impact in a more careful and dedicated approach to work.

Currently, the quality area is living the TQM dimension, with focus on people in the
organizations. With this focus, the implementation of the Whiteboard in the production area revealed
to be a successful strategic way to improve the communication between departments in the
organization and, at the same time helped with the internal defect reduction.

The decision to implement the Whiteboard in another production area, shows the great reception
of the company in relation to the first implementation. In this perspective, it is expectable that in new
processes, the whiteboard can be implemented to analyze the daily and unknown defects, keeping
everyone informed and updated.

The limitation observed in this implementation is the size of the Whiteboard. On days when there
are many defects, their information has to be erased more frequently, making it difficult for
subsequent shifts to respond to defects related to the erased information. In terms of height, on days
when there is a big quantity of defects, the information must be erased more frequently, impairing
the response of other shifts to that defect.

4.3.2. Defect investigation

4.3.2.1. Adopted Methodology

The methodology employed in this part of the work was established based on the application of
quality tools for the investigation of an impacting high voltage defect in the analysed production
area. Four quality tools were combined, following the order presented in Figure 25: in the first stage,
the Pareto diagram, then the 5W2H method followed by the Ishikawa diagram and, finally the 5Why
method.

Identification of Characterization Identification of Identification of
the problem of the problem potencial causes the root cause
and selection of of the problem
root causes

PARETO DIAGRAM
5W2H METHOD
5 WHY METHOD

ISHIKAWA DIAGRAM

Figure 25- Sequential relation between the quality tools
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The Pareto diagram was used to evaluate the impact of each detected defects, to identify the
major(s) internal defects in the area and to visualize the defect evolution over time.

After the identification of the problem, in a way to introduce a characterization of the focus
problem, the 5W2H method was applied, with the purpose of answering the following seven
questions: “What?”, “Where?”, “When?”, “Who?”, “Why?”; “How?”” and “How much?”.

In the third stage, the Ishikawa diagram was used in order to isolate potential causes and to
undergo the selection of root causes. As referred in the third chapter, the quality characteristics of
the product can be affected by the 5SM1E; therefore, the six resources considered for this study were:
measurement, material, man, method, machine, and environment.

In addition to the Ishikawa diagram, the 5 Why tool was applied to clearer analyse some of the
potential causes distinguished. As the 5 Why method was employed, it helped to explore with more
detail each possible direction, consequently discarding various potential causes identified previously.

4.3.2.2. Results and discussion
The defect evolution was monitored in a four-month period, from December 2020 till March

2021, through the QRQC whiteboard data. The first and fourth month Pareto diagrams are presented
in Figure 26 and Figure 27, respectively.
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Figure 26- Pareto Diagram, December 2020
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March 2021
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Figure 27- Pareto Diagram, March 2021

In December, there was a total of 202 defects and in March the number increased into a total of
2221. Comparing the Pareto Diagrams from December 2020 to March 2021, one quantity defect
highlights, it is possible to observe an increase in the number of air leak test failures, identified as
BJ212. The air leak test is performed to verify that the cable is fully insulated. During this test, the
wire harness is placed in the electrical inspection machine, air passes through the wire harness, and
if it falls below the stipulated value, it means that the wiring has a leak, which may in the future cause
safety problems when connected to the vehicle. In December, there were 12 air leak test failures that
represents 5,94% of the total of 202 defects. In March 2021, the air leak test defect is the biggest
defect in the assembly area, representing 1323 defects of a total of 2221 defects identified in the
assembly area, thus representing 59,57%.

In Figure 28 a bar diagram is presented, where the air leak defect quantity evolution can be
visualized, during the four months that were analyzed. In December, a total of 12 defects air leak test
failures were identified, in January there were 109, in February 129, and in March to a total of 1323
defects. Along with the defect data, in the bar diagram is also possible to visualize the monthly
quantity produced: 38177 harnesses in December, 17049 in January, 56611 in February and, 78988
harnesses in March. The percentages in Figure 28 represent the monthly ratio of the air leak test
defects in relation to the production quantity. This production value is important because in this area
the production is not constant, it is a pull system that depends on the client orders.
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Monthly evolution - Wiring Air leak test failure
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Figure 28- Monthly evolution

In the majority of the wiring with the air leak test defect it was not possible to identify the root
cause(s) with the information of the area and investigation resources, and the non-conform wiring
with this defect was inexplicably increasing month by month, inducing a significant and concerning
number of scrap material. So, with this scenario, a further investigation was conducted to identify
the root cause(s) of the air leak defect.

The air leak test is made in an electrical inspection machine in the end of the production line as
a final inspection. From the air leak test failures identified in some causes were visually detected by
the reworked operator, such as damaged wire, damaged seal, seal in incorrect position, presence of a
foreign substance, and filaments damaging the wire. While these causes were only identified in a
minor number of non-conform wirings, the major percentage of non-conform wirings did not have
an identified cause, as is represented in Figure 29.

With the identification of the cause investigation problem, the 5W2H method was applied to give
a contextualization of the situation as presented in Figure 30.

Identified and non-identified causes

1400
1200
1000
800
600
400
200

0 | —
December January February March

Identifyed cause 5 50 81 50
H Non identifyed cause 7 59 48 1273

Number of airkeak test defects

Figure 29- Monthly evolution: non-identified and identified causes
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WHAT Wiring air leak test failure
WHERE Detected in the electrical inspection machine, in 8 different lines and wiring
types
WHEN During 4 months, in the 3 daily shifts
WHO By the operator of the electrical inspection workstation
WHY Root cause not identified
HOW . S ) > . .
With the airleak test values not according to specification
HOW MUCH In a total of 1387 non-conform wirings, during a 4 month period

Figure 30- Wiring air leak test failure: 5W2H Method

Although this production area is focused on a single customer, twelve different products are
produced, each one in a different line. The air leak defect with the non-identified causes was detected
in eight different products, culminating in eight different production lines and electrical inspection
machines. Therefore, it was necessary to find a common factor.

As it can be concluded using the information in Figure 30, in this stage it was not possible to
answer the “why” question, which will be the focus of this investigation. To continue this study, the
Ishikawa diagram was applied, being presented in Figure 31. The potential causes which were
recognized were considered and investigated with the aim of identifying the root cause of the
problem.
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Figure 31- Wiring air leak test failure: Ishikawa Diagram
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As presented in Figure 32, additionally with the Ishikawa Diagram, the 5 Why tool was applied
to better identify some of the distinguished causes. Each column presents a step of the “Why?”
question, following the arrows flow.

Electrical parameters NOK H Incorrect Pressure value

Incorrect use by the
operator

Excessive force in the
insertion

Connector damaged in the Machine problem

insertion

Shield sleeve specification
NOK

Material composition

Crack in the connector

\R/ 111 1 Connector fragile / . y Supplier did not guarantee
rimng air T, cupplicr problem Production conditions NOK the production canditions
le ak test electric is high but not
achieve the required value o
: Storage conditions NOK
failure

Supplier problem
* Damaged wire
Damaged in the process

‘Wiring measurements are not
guaranteed in the process

Problems with the

machine pieces

Stripping machine
measurement variation -
Waste / Foreign
substance present

Figure 32- Wiring air leak test failure: 5 Why Method

A water test was performed, where the wiring was immersed in water, and at the same time there
was pressure inside with air. During the test, it was possible to observe a leak of air emerging from
connector A, but it was not possible to visually identify the specific location of the leak in the
connector. It could be verified that connector A was a common component in the 8 different products
already identified. With a first visual inspection, it was not possible to detect anything non conform
on the connector A. As they are high voltage cables, they are bigger and thicker than the low voltage
cables, making it difficult to analyze them internally. The only way to analyze the inside of these
connectors is a destructive test, which involves sawing the connector. The process of sawing the
connector can only be carried out by the area of rework operator. According to the established
process, the connector must be sawed vertically. Several samples were sawn this way, and nothing
was ever identified.

After this situation, five defective wiring units were sent to laboratory, where a crack in connector
A was found. Then, an analysis to understand if anything in the production process could affect and
provoke the crack in the connector A, was performed in the shop floor, together with the engineering
team. Then, it was excluded any possible cause, and it was considered that there could be a problem
with the connector material that could fragilize it. This was communicated to the supplier for
analysis.
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A supplier root cause was identified. The connector was not produced with enough humidity,
fragilizing the connector harness. This root cause and its path crossing the five why is identified with
the green colour in Figure 32.

Besides the plant investigation, the connector supplier also applied the Ishikawa Diagram in their
investigation report, in such a way to show the client the investigation of the problem, and what
potential causes were to be considered. With this application, it is possible to compare how the two
companies applied this tool and to indicate that the Ishikawa diagram is used in various production
companies to assist the defect investigation. Luca and Pasare (2019) point out that there are not many
studies in the literature on the application of the Ishikawa diagram for the injection mold industry. In
their paper, they explain how they applied the Ishikawa diagram for the defect causes classification
obtained by the injection of plastic material production, which is also the technique for the connector
A production.

The supplier Ishikawa Diagram is represented in Figure 33.

Seal specification NOK
- »
Shield sleeve specifications NOK
-
NOK properties of molding raw material
- s

Maintenance interval not respected

- »

Wiring air
> leak test
Changes in the mold failure
Low humidity on winter period —
> Wrong method of final
product assembly
. —_———————»
Storage conditions were NOK
Wom out malding tool
- O

Environment

Figure 33- Supplier Ishikawa Diagram

The supplier admitted the connector problem and sent good connectors in the beginning of April,
and the rest of the unused connectors were sent back to the supplier. In April, production only used
the new connectors. In a total of 38995 wiring produced, 71 air leak test failures were identified,
representing 0,18%, which is a substantial percentage reduction comparing to the previous month.
From those air leak test failure, only 3 wirings presented the fissure on connector A.

The major consequence of this specific defect is that all these non-conform wirings are going to
scrap. Currently, there is not a special tool that does not cause damage in the wire, in the process of
removing the non-conform connector and replacing it with a new one, so it is not possible to
substitute connector A.

54



4.3.2.3. Lessons Learned

This was a detailed investigation in a complex process. The quality tools which were applied
were useful to analyse every possible root cause, and to organize the information in an intuitive visual
approach.

The quality tools helped us in a more detailed investigation of the defect, in the direction of the
identification of the root cause. The purpose of the study was achieved, the root cause was identified,
and the percentage of defect and scrap material was reduced.

It is worth noting the lack of existing tools to analyze defects in high voltage wiring, in a
multinational company known worldwide. The ideal scenario would be the possibility to analyze this
type of defects with non-destructive tests, not repeatedly destroying both the component and its
defect.

4.3.3. New HV Defect Codes

As previously mentioned, some documents used in the production of low voltage wiring have
been applied to the production of high voltage wiring, without the necessary adjustment to this new
technology. One of the documents pertaining to this situation is the Defect Coding Catalogue (For
Wire Harnessed), applied by Yazaki, that can be observed in Appendix I. Each defect has a category,
a defect type, and an associated code.

When a defect occurs, to register it is needed to assign a code. Currently, some high voltage
defects are not included in any of the defects that are on Yazaki's list. From the observation done up
to the moment, this situation can occur due to two reasons. First, in the case that there is no defect
listed that can describe it. Some components of these HV projects are too specific and cannot be
inserted in none of the categories previously existing. In other case, what can occur is that the
assigned code corresponds to a defect that is too general, which can mislead the reader / receiver of
this information, that is, assume that it was a defect, instead of another.

In Figure 34, the document made in January 2021 with the proposal of New HV Defect Codes is
presented. For the elaboration of this document, it was necessary to:

e Analyze what defects occurred at Customer X and the team was unable to assign one of
the current codes.

e Collect photos that demonstrate the defect and through which it is possible to perceive
and comprehend the defect description that we intend (OK product / NOK product).

e Assign categories and description to these defects.

e When possible, inform what defect was currently being used for the classification.

In all these points, the collaboration of the quality and production team was requested, as they
are the ones who work daily in the field with these codes. After collecting all this information, the
document was formatted, the information was introduced and then approved by the LQC and the
Quality Team Leader.
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The document was sent to the YEL Central Quality team to approve the proposed defects.
Once approved, this classification of defects will be applied to all Yazaki plants.

A -y YAZAKI

NEW DEFECT CODING - HV

CATEGORY DEFECT cop PHOTO OBSERVATION
STRIPPING Incorrect Length:

current AA3S (poor
striping)

a) Insulation

b) Shield wire

c) Inner insulation
d) Inner striping

SHIELD CRIMP Incorrect Length {Supplier spec.) current AB38 (wrong

size contact £3p)

INTERLOCK ERROR |Missing Alignment current is considerad 3

terminzl

Prepared by: Alexandra 53 (Internship - Central Quakity Yazaki Eurcpe Limited)
27/01/2021

Figure 34- New Defect Coding - HV

4.3.4. Quality Data System (QDS)

One of the aims of this project is improving the management and performance of internal defects,
through an upgrade in the system's functionalities, compared to the current database. In addition,
with this new database, homogeneity of management and operation among all Yazaki factories at
European and North Africa levels is intended.

4.3.4.1. UML Language: Class Diagram and Relational Model

In a way to better explore the QDS functionalities, an analysis with UML language was
completed. First, it is presented a requirements specification, which describes the functionalities of
a defect report to be registered in the QDS. After, a Class Diagram and a Relational Model is
presented, to demonstrate the relation between the classes involved.
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Requirements Specification

When a defect occurs, a team member inserts it in the QDS. If it is the line operator, he
immediately inserts the defect in the “Add defect in shopfloor”. If the defect is inserted after, it will
be inserted by a member of the Quality team in the ‘Add defect in Office’.

To register the defect, a new Defect Report is created, in such a way that each registered defect
has a unique report number. In this Defect Report, the following information is recorded:

e The date when the defect was detected.

e The production shift that provoked the defect. If the person inserting the data does not have
this information, he/she needs to insert the shift where the defect was detected. The shift
must be defined in Page definition in section ‘Shift’ with the information: shift name, start
time, finish time, break time duration, time zone, area and status (if is active or inactive).

e The operator that provoked the defect. If the person registering the defect does not know who
provoked the defect, he/she has the option ‘Unknow’ operator. The operator information
must be defined in Page definition in section ‘Personnel” with the information: personnel ID,
name, area and position.

e The station name of the operator that provoked the defect, which must be defined in Page
definition in section ‘Station’, mainly for subassembly and line conveyor.

e The Line Leader information of the shift that provoked the defect should be identified and
the same information characterization of the operator included.

e The station where the defect was detected must be defined in Page definition in the section
‘Observed station’ with the information: process code, process description and the
information if it is an inspection station or not.

e The source of the defect, which represents where the defect is suspected to come from. It
must be defined on the Page definition in section ‘Observed station’ with the information:
process code and process description.

e The name of the defected product and product No.

e The wiring unique serial number, that correspond to the S/No present in the label when the
wiring passes the electrical inspection.

e The defect code of the Defect Coding Catalogue (For Wire Harnessed), applied by Yazaki.
It must be defined in Page definition in section ‘Defect codes’ with the information: class,
classification, defect code number and defect description.

e A reason code which represents an optional describing reason for the defect. It must be

defined in Page definition in section ‘Reason Codes’ with the information: reason code ID
and the reason description.
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The workcenter of the line where the defect product is produced. This ID creates a point
between SAP and Prodmon system to update the production values on QDS. It must be
defined in Page definition in section ‘Workcenter’, with the information: workstation ID,
workcenter name, family, project code, project description, customer, area, type, and status
(active or inactive).

The area where the defect was observed.

The quality staff of the shift where the defect was detected. The same information
characterization of the operator should be defined and included.

The customer’s name of the defected product. It must be defined in Page definition in section
‘Customer’ with the information: customer name and customer number.

The project name of the defected product. It must be defined in Page definition in section
‘Cutlead and Customer’ with the information: cutleadNo, projectCode and customer name.

The cutlead number, which is the defined snumber of the product from P1.

The total quantity of defect wirings.

The defect quantity type, that can take two values: single or lot.

From the total quantity of defect wiring, specifying how much is going to scrap.
The work force loss, with man and hour information.

The defect description, where the following information can be registered: the twig number
(branch number), the connector number, the number of circuits, a problem description, and
the team.

The 4M actions, allowing to register 4M transition in case done. The 4M englobes man,
machine, method, and material.

Besides the previous description, the mandatory options to fill are the observed date, shift,
operator, observed station, source of defect, defect code and defect quality type, where only one
option can be chosen in each defect report. Also is important to refer that each collaborator has an
associated username and password to login the database, and that if the workcenter option is
registered, immediately generate the area, costumer name and project name options.

All the previous definitions are presented in both report options. The difference is that besides
these definitions, The Office report have additional registration options, presented next:

e An optional product description, englobing the information: machine number (P1 and
P2), the wire and kind, the applicator name, terminal name accessory name, SFG ID, the
press direction and terminal state.
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o A five why method for optional root cause analysis, with the defect name and five

reasons fields.

e An optional section with the name Root cause of defect, with comments and precautions
of the operator and line leader.

e An optional section with the name Repair/Evaluation for Productl, with the following
information: Evaluation by product engineering, industrial engineering repair method,

CAO stock correction and four material options.

Class Diagram

A Class diagram was developed to help understand the relationship between the data requested
and necessary to create a defect report. The Class Diagram was created using the Visual Paradigm
software and is presented in Figure 35.
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Figure 35- QDS Class Diagram
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Relational Model

The relational model is the data model to be implemented in the relational database for the
Quality Data System. It can be transposed directly form the Class Diagram, and the tables are
presented following. Primary keys are in bold and underlined, while foreign keys are identified in
italic. For the conception of this model, the different rules associated with the cardinality of the
relations between classes had to be considered.

Relational Model:

Defect_Report = (reportNo, observedDate, defectQuantity, quantity Type, quantityScrap,
workforce, productName, productNo, productSerialNo, station, arealD, shift_ID, obStationCode,
sourceDefCode, defectCodelD)

Area = (areal D, areaName)
Shift = (shiftlD, shiftName, startTime, finishTime, breakTimeDuration, timeZone , status)

Area_Shift = (arealD, shiftID)

Personnel = (personnell D, name, status, username)

Personnel_Defect_Report = (personnellD, reportNo)

Area_Personnel = (arealD, personnellD)

Password = (username, password)

Position_L.ist = (positionNo, positionName)

Personnel_Position_List = (personnelID, positionNo)

Observed_Station = obStationCode, process, observedZone, processDescrip, inspection, status)

Source_Defect = (sourceDefCode, process, sourceDefect, equipment, processDescrip,
processDescrip, status)

Area_Source_Defect = (arealD, sourceDefCode)

Defect_Code = (class, classification, codeNo, description, descripLocal, detail, photo, photo2,

defectCodelD)

Reason_Code = (reasonlID, reasonDescrip, category)
Defect_Report_Reason_Code = (reportNo, reasonlD)

Workcenter = (workstationlD, workstation, family, projCode, projDescrip, type, status)

Defect_Report_Workcenter = (reportNo, workstationID)
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Area_Workcenter = (arealD, workstationID)

Cutlead = (cutleadNo, projCode, customerID)
Defect_Report_Cutlead = (reportNo, cutleadNo)
Customer = (customerID, customerName, customerN)
Customer_Workcenter = (customerID, workstationID)

Defect_Descrip = (defectDescriplD, twigNumber, connector, circuitl, circuit2, description, team)

Defect_Report_Defect_Descrip = (reportNo, defectDescripID)

Four_M = (fourMID, man, machine, method, material)

Defect_Report_Four_M = (reportNo, fourMID)

Shopfloor_Report = (reportNo)

Office_Report = (reportNo)

Five_Why = (fiveWhyID, defectName, reasonl, reason2, reason3, reason4, reason5)
Five_Why_ Office_Report = (fiveWhyID, reportNo)

Defect_Rootcause = (defectRootcausel D, operatorComent, lineLeaderComent,
operatorPrecaution, lineLeaderPrecaution)

Defect_Rootcause Office_Report = (defectRootcauselD, reportNo)

Repair_Eval = (repairEvallD, evaluation, repairMethod, caoCorrection, materiall, material2,
material3, material4)

Office_Report_Repair_Eval = (reportNo, repairEvalNo)

Product_Descrip = (productDescriplD, wireSize, wireSize, applicatorlD, terminal, accessory,
sfglD, pressDirection, terminalState)

Office_Report_Product_Descrip = (reportNo, productDescripID)
P1P2_Machine = (machinelD, description type, status)
Area_P1P2_Machine = (arealD, machinelD)

Product_Descrip_P1P2_ Machine = (productDescriplD, machinelD)
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4.3.4.2. Quality Indicators

After the registration of each defect reports, the QDS offers various analysis options, with data
presented in table to be filtered and graphic tools. In Table 11, the main quality indicators that can
be obtained with the data registered in QDS are summarized.

Table 11- QDS quality indicators

Quality indicators Description
DPM (defects per million) chart P3:
3 _ Number of P3 defects 3
DPM+ 10° = # W/H produced *10
PPM (part per million) chart Customer:
PPM = # of CO Defects pieces £ 106

" #of shipped W/H to customer

Action Plan and PDCA status

Top five defects Pareto chart
Top five operators Pareto chart
Top five line leaders Pareto chart
Customer analysis Pareto chart
Area analysis Pareto chart
Workstation analysis Pareto chart
Defect code analysis Pareto chart

4.3.4.3. QEDS versus QDS

A comparison between the current system — the QEDS — and the new system — the QDS — was
performed. The functionalities of each database were explored and the advantages and disadvantages
identified. The main ideas are summarized in Table 12 and explored in the next topics.

e QDS provides standardization of quality data collection, processing, and analysis, which
leads to the improvement of internal information consistency and accuracy.

o QDS enables real-time internal performance monitoring to support failure prevention. The
data registration and updating can be performed at any time, allowing to act on the defects
in a timelier manner and to avoid defect occurrences. In this way, it overcomes the
inconvenience of the current system, where it is only allowed to update the data monthly.
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Support of action prioritization and problem-solving reactivity. Existence of an extra section
in the QDS that allows using, for example, the PDCA analysis tool and the 5Why Method
(Appendix J), to study the root cause of the identified defect and immediate act, to introduce
this type of information while the defect is being registered. The introduction of these tools
is very important in this area because some defects that currently occur turn into recurrences,
where it was still not possible to identify why this analysis had not yet been considered a
priority, being analyzed only several days after having occurred, or only monthly when it
was introduced in the QDS.

In QDS, all YEL manufacturing plants data collection databases are linked, easy and
accessible for any one at any time. It also allows for easier and better analysis of results
through the uniformity of collected data, between the diverse plants. On the contrary, the
QEDS is only applied in the YSE plant.

QDS provides time saving and paperless process, because it decreases the number of
documents to register and some possible of semi-automatic and automatic registration exists.
These two improvements lead to cost saving, because of the reduction of man work hours
and the savings on paper.

QDS gives the possibility of manual, semi-automatic and automatically defect registration.
At the Electric Test workstation, for example, the objective is that the new QDS
automatically identifies and records defects, without the need for an employee to intervene.
Automation at the Electric Test station allows employees to reduce time and work. In QEDS,
is only possible to use manual registration.

QDS makes available more detailed information. For example, QEDS does not have a defect
description, however, QDS allows us to visualize a description of the type of defect, prevent
the exchange of the code applied.

QDS details the information about who provoked the defect but does not request information
about who registered the defect. On the other hand, QEDS does not provide information
about who provoked the defect but identifies who registered it.

QDS, through the SAP and Prodmon systems, makes possible to update the production
guantities on a daily basis, allowing to calculate ratios and output production information
which can replace the documents that the production register, for example, FTT and DPU
data results.

QDS is a database of easy and flexible utilization. It can be designed in a Web page and can
be accessed from the line production or from a computer outside the production area. When
a defect occurs, a team member inserts the defect in the QDS. If it is the line operator, he
immediately inserts the defect in the “Add defect in shopfloor” option. If the defect is
inserted at a later time, it will be performed by a member of the Quality team in the “Add
defect in Office” option. In “Add defect in Office” and “Add defect in shopfloor” options,
only the six fields with the red asterisk are mandatory. These two registration options can be
observed in Appendix K.
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Table 12- QEDS vs QDS: advantages and disadvantages
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With this information, it is clearly to verify the significant improvement of QDS in comparison
with the QEDS used up to the moment in EDS at YSE.

4.3.4.4. Database Implementation Methodology

As this implementation is being performed in two plants ate the same time - one of them is YSE
— several meetings between these plants and members at the Quality Central team occurred.

The main phases of preparation will be applied using the four steps of the PDCA cycle, presented
in Figure 36.

PLAN

« Data collection
*Registration organization
»Key users training

ACT DO
*Improvements aplication +QDS implementation
*Pilot test
CHECK

+ QDS monitorization
*Results analize

Figure 36- PDCA cycle for QDS implementation

The stage after planning the implementation steps, is to collect all the necessary data to upload
in the QDS system, to be use in the YSE pilot area The gathering of information was performed
according to the Class Diagram classes and attributes, and in Appendix L three examples of the data
collected for the pilot area are presented.

Then it was necessary to define the needs of training in the QDS usage and implementation for
YSE, and to define necessary Software and Hardware requirement to install the QDS into YSE
Server. A training with a member of the Turkey quality team was performed, the only European plant
that already has the QDS implemented. This training was important to comprehend the system’s
functionality and to better understand the necessary data to be inserted in the system, in
contextualization with this plant experience with the system.

The pilot test of the QDS in YSE was performed in May 2021, during the entire month. The QDS
system was applied in parallel with the QEDS system, in such a way to compare the results of the
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two systems and obtain a comparation with the initial situation. During this pilot test, the defects
were only inserted in the ‘Add defect in Office’ section, by the assembly LQC in a daily basis.

A daily monitoring of the QDS was performed, to understand and identify eventually roadblocks
or issues that we need to solve for an effective use.

In the first week of June 2021, the reports data of the QEDS and QDS related to May 2021 were
collected and the results where compared, through the report extracted related to assembly area. The
two reports are presented in Appendix M. As can be observed, in the 31 days that were studied, a
total of 420 defects were detected, in a total of 31593 produced wirings.

QEDS

There were four QEDS reports analysis, two related to PROJ1 and another to related to PROJ2.
The Pre-P3 reports are referent to the defects detected before the final inspection workstation, and
the P3 reports are related to the defects detected in the final inspection workstations. In each of the
QEDS reports, we can observe the four major defects of the month and a PDU ratio of each month
of the term (“Yazaki year’). The defect information identified is the defect code, the description of
the defect (defect name) and the total of each defect.

QDS

The QDS report, presents Pareto diagrams with information about the customer, area,
workstation, defect coding, and line leader. It was possible to conclude that:

Line 3 was where more defects were identified, in a total of 125 defects.

e The AU21 — Incorrectly Torqued was de major defect identified, with a total of 114 defects.
These 114 defects correspond to 41 reports.

e Collaborator nr 758 was the line leader present in the shift where more defect provoked,
which correspond to a total of 73 defect report.

e Customer X and P3 where the only customer and area identified because are the pilot
production area.

It was not possible to calculate some quality indicators, such as DPM and PPM in QDS because
of the necessity to install the Prodmon system in the plant, which will be the bridge between SAP
and QDS to provide the production quantities.

It was also observed that QDS provides the possibility of a daily, weekly, or monthly analysis,
and QEDS only provide a monthly analysis.

The fourth stage of the PDCA cycle, ‘Act’, involves the proposal and implementation of
improvements for an effective use of the QDS.
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To start using the option “Add defect in shopfloor” an observation on the resource’s lines was
realized to identify which workstations have a computer able to use the QDS. The information
collection was gathered and is presented in Appendix N. It was defined to be each line operator of
the second visual inspection to register the defect in the “Add defect in shopfloor”. These operators
will be trained, so that they can be able to correctly use the QDS. In this stage, the Promon system
implementation will also be performed.

4.3.45. Lessons Learned

With the QDS implementation, the main benefits observed were to obtain and to visualize a daily
updated data flow and an improved data report.

It was not possible to see in practice all the QDS functionalities, because of the delays in the
QDS implementation and Prodmon implementation, related to the multinational scenario of this
implementation that was affected by the Covid-19 Virus pandemic. However, it was possible to
observe the positive impact that this quality database analysis can provide in comparison with the
previous one. The future work will consist in exploring and implementing the rest of the QDS
functionalities together with the Prodmon system implementation, in such a way to reduce the
amount of used paper and to reduce the internal defects through an increased and improved routine
investigation.

5. Conclusions and Future Work

The quality objective in companies is mostly zero defects, and they operate with a special focus.
In the automotive industry, quality control plays a fundamental role in maintaining the level of
product quality, preventing defects, and preventing possible serious accidents.

BPM is a visual tool that helps to understand the processes and to identify possible points for
enhancement, which together with quality tools allows the improvement of organizational
management and the prevention of defects. Through the AS-IS Model created with BPMN 2.0, in
addition to helping to better know the process under analysis, it was possible to identify problems in
the initial situation and propose improvements.

Currently, the quality area is living the Total Quality Management dimension, with a special
focus on people in the organizations. With this focus, the implementation of the Whiteboard in the
production area was a successful strategic way to improve the communication between departments
in the organization, and, at the same time, helped with the internal defect investigation and reduction,
allowing sharing knowledge and increasing the awareness of operators in the quality of their work.

In relation to the analysis of the investigation of the wiring air leak defect, the quality tools which
were applied were useful to analyse every possible root cause, and to organize the information in an
intuitive visual approach. The purpose of the investigation was achieved, the root cause was
identified, and the percentage of defects and the quantity of scrap material were reduced. It is worth
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noting the lack of existing tools to analyze defects in high voltage wiring, in a multinational company
which is known worldwide, where the ideal scenario would be having the possibility to analyze these
types of defects with non-destructive tests.

With the QDS implementation, it was concluded that its application is more advantageous than
the previous database, the QEDS. From the application of the two databases in parallel for one month,
with the registration of 420 defects, it was found that QDS provided more graphic results than the
previous database, and also provided the possibility of a daily analysis, as opposed to the monthly
single analytics option of the QEDS. The future work will consist in exploring and implementing the
rest of the QDS functionalities together with the Prodmon system implementation, in order to reduce
the amount of used paper and to reduce the internal defects because through an increased routine
investigation.

In summary, the research question and aim objective of this practical project, the improvement
of the internal defect management and the data flow was achieved. However, there are still
opportunities for future continuous work improvement.

The main activities considered important to proceed with the work described n this document,
should focus on:

e Improvement of the HV wire and harness rectification sheet with better organization,
in a way to reduce the time that the rectifier operator spends with this document
registration, making him/her available to focus more on the defect analysis activity.

e Regarding QDS, the future work should go through the complete implementation of
the TO-BE model in the Customer X production lines, with the defect registration
in the “Add defect in shopfloor” section. This implementation should be performed
together with the implementation of the Prodmon system, in a way to provide the
production information. The next step should be the implementation of the new
system in all EDS production lines.

68



Bibliographic References

Abrahams, A. S, Fan, W., Wang, G. A, Zhang, Z., & Jiao, J. (2015). An integrated text analytic
framework for product defect discovery. Production and Operations Management, 24(6),
975-990. https://doi.org/10.1111/poms.12303

Ahire, S. L., & Dreyfus, P. (2000). Impact of design management and process management on
quality: An empirical investigation. Journal of Operations Management, 18(5), 549-575.
https://doi.org/10.1016/S0272-6963(00)00029-2

Ahmed, M. |., & Rezouki, S. E. (2020). Application of root causes analysis techniques in the
contractor selection for highway projects. IOP Conference Series: Materials Science and
Engineering, 901(1). https://doi.org/10.1088/1757-899X/901/1/012031

Al-Alawi, B. M., & Bradley, T. H. (2013). Review of hybrid, plug-in hybrid, and electric vehicle
market modeling Studies. In Renewable and Sustainable Energy Reviews (Vol. 21, pp. 190-
203). Pergamon. https://doi.org/10.1016/j.rser.2012.12.048

Al-Zwainy, F. M. S., Mohammed, I. A., & Varouga, I. F. (2018). Diagnosing the causes of failure
in the construction sector using root cause analysis technique. Journal of Engineering (United
Kingdom), 2018, 12. https://doi.org/10.1155/2018/1804053

Arevalo, C., Escalona, M. J., Ramos, I., & Dominguez-Mufioz, M. (2016). A metamodel to
integrate business processes time perspective in BPMN 2.0. In Information and Software
Technology (Vol. 77, pp. 17-33). Elsevier B.V. https://doi.org/10.1016/j.infsof.2016.05.004

Bardales, Z., Tito, P., Maradiegue, F., Raymundo-Ibafiez, C., & Rivera, L. (2020). Alignment of
Management by Processes and Quality Tools and Lean to Reduce Unfilled Orders of Fabrics
for Export: A Case Study. In Advances in Intelligent Systems and Computing: Vol. 1131 AISC
(Issue Ihsi, pp. 660-666). Springer Nature Switzerland AG 2020. https://doi.org/10.1007/978-
3-030-39512-4_102

Bashir, R. S, Lee, S. P, Khan, S. U. R, Chang, V., & Farid, S. (2016). UML models consistency
management: Guidelines for software quality manager. International Journal of Information
Management, 36(6), 883-899. https://doi.org/10.1016/j.ijinfomgt.2016.05.024

Bayazit, O., & Karpak, B. (2007). An analytical network process-based framework for successful
total quality management (TQM): An assessment of Turkish manufacturing industry
readiness. International Journal of Production Economics, 105(1), 79-96.
https://doi.org/10.1016/j.ijpe.2005.12.009

Ben Ruben, R., Vinodh, S., & Asokan, P. (2017). Implementation of Lean Six Sigma framework
with environmental considerations in an Indian automotive component manufacturing firm: a
case study. Production Planning & Control, 28(15), 1193-1211.
https://doi.org/10.1080/09537287.2017.1357215

69



Bernroider, E. W. N., & Stix, V. (2006). Profile distance method-a multi-attribute decision making
approach for information system investments. Decision Support Systems, 42(2), 988-998.
https://doi.org/10.1016/j.dss.2005.02.006

Bhat, V. S., Bhat, S., & Gijo, E. V. (2021). Simulation-based lean six sigma for Industry 4.0: An
action research in the process industry. International Journal of Quality and Reliability
Management, 38(5), 1215-1245. https://doi.org/10.1108/IJQRM-05-2020-0167

Boonmepipit, B., & Suwannasart, T. (2019). Test case generation from BPMN with DMN. ACM
International Conference Proceeding Series, 92—96.
https://doi.org/10.1145/3374549.3374582

Botezatu, C., Condrea, 1., Oroian, B., Hrituc, A., Etcu, M., Slatineanu, L., & Student, P. D. (2019).
Use of the Ishikawa diagram in the investigation of some industrial processes. IOP
Conference Series: Materials Science and Engineering PAPER, 1-8.
https://doi.org/10.1088/1757-899X/682/1/012012

Breu, R., Hinkel, U., Hofmann, C., Klein, C., Paech, B., Rumpe, B., & Thurner, V. (1997).
Towards a formalization of the unified modeling language. Lecture Notes in Computer
Science (Including Subseries Lecture Notes in Artificial Intelligence and Lecture Notes in
Bioinformatics), 1241, 344-366. https://doi.org/10.1007/bfb0053386

Brito, H. L., Silva, O. C. da, Souza, M. das G. da S., Nogueira, E. R. de S., & Portela, L. R. F.
(2017). An application of QRQC philosophy for troubleshooting in a company from manaus
industrial polo. Espacios, 38(16), 592-603.

Brook, O. R., Kruskal, J. B., Eisenberg, R. L., & Larson, D. B. (2015). Root cause analysis:
Learning from adverse safety events. Radiographics, 35(6), 1655-1667.
https://doi.org/10.1148/rg.2015150067

Card, A.J. (2017). The problem with “5 whys.” BMJ Quality and Safety, 26(8), 671-677.
https://doi.org/10.1136/bmjgs-2016-005849

Cepeda, T. A., & Lopes, 1. S. (2019). Support methodology for product quality assurance: A case
study in a company of the automotive industry. Procedia Manufacturing, 38, 957-964.
https://doi.org/10.1016/j.promfg.2020.01.179

Chen, Y., Zheng, J., Wu, D., Zhang, Y., & Lin, Y. (2020). Application of the PDCA cycle for
standardized nursing management in a COVID-19 intensive care unit. Annals of
Cardiothoracic Surgery, 9(3), 1198-1205. https://doi.org/10.21037/apm-20-1084

Chokkalingam, B., Raja, V., Anburaj, J., Immanual, R., & Dhineshkumar, M. (2017). Investigation
of Shrinkage Defect in Castings by Quantitative Ishikawa Diagram. Archives of Foundry
Engineering, 17(1), 174-178. https://doi.org/10.1515/afe-2017-0032

Chung, Y. C., Tien, S. W., Hsieh, C. H., & Tsai, C. H. (2008). A study of the business value of

70



Total Quality Management. Total Quality Management and Business Excellence, 19(4), 367—
379. https://doi.org/10.1080/14783360701349344

Ciccozzi, F., Malavolta, I., & Selic, B. (2019). Execution of UML models: A systematic review of
research and practice. Software and Systems Modeling, 18(3), 2313-2360.
https://doi.org/10.1007/s10270-018-0675-4

Coughlan, P., & Coghlan, D. (2002). Action research for operations management. International
Journal of Operations & Production Management, 22(2), 144-3577.
https://doi.org/10.1108/01443570210417515

Czerwinska, K., Dwornicka, R., & Pacana, A. (2020). Improving quality control of siluminial
castings used in the automotive industry. METAL 2020 - 29th International Conference on
Metallurgy and Materials, Conference Proceedings, 1382—-1387.
https://doi.org/10.37904/metal.2020.3661

Dale, B. G. (2003). Managing Quality (4th ed.). Blackwell.

Davies, 1., Green, P., Rosemann, M., Indulska, M., & Gallo, S. (2006). How do practitioners use
conceptual modeling in practice? Data and Knowledge Engineering, 58(3), 358-380.
https://doi.org/10.1016/j.datak.2005.07.007

Dennis, A., Wixom, B. H., & Tegarden, D. (2009). Systems Analysis and Design with UML (3rd
ed.). Wiley. https://ptllib.org/book/1309021/3e78a8

Devanbu, P., Brachman, R., Selfridge, P. G., & Ballard, B. W. (1991). LaSSIE: A knowledge-
based software information system. Communications of the ACM, 34(5), 34-49.
https://doi.org/10.1145/103167.103172

Diamandescu, A. (2016). The Significance of Total Quality Management Principles in Industrial
Organizations. Global Economic Observer, 4(2), 92-99.

Dobing, B., & Parsons, J. (2006). How UML is used. In Communications of the ACM (Vol. 49,
Issue 5, pp. 109-113). Association for Computing Machinery.
https://doi.org/10.1145/1125944.1125949

Duan, G. J., & Yan, X. (2020). A real-time quality control system based on manufacturing process
data. IEEE Access, 8, 208506-208517. https://doi.org/10.1109/ACCESS.2020.3038394

Duan, Q., Feng, C., & Xia, L. (2021). Discussion on the technology of high voltage cable for
hybrid electric vehicle. Journal of Physics: Conference Series, 1846(1), 1-4.
https://doi.org/10.1088/1742-6596/1846/1/012005

Dumas, M., La Rosa, M., Mendling, J., & Reijers, H. A. (2018). Fundamentals of business process
management. In Fundamentals of business process management: Second edition (2nd ed.).
Springer Berlin Heidelberg. https://doi.org/10.1007/978-3-662-56509-4

Erro-Garces, A., & Alfaro-Tanco, J. A. (2020). Action Research as a meta-methodology in the

71



management field. International Journal of Qualitative Methods, 19, 1-11.
https://doi.org/10.1177/1609406920917489

Ferdousi, F., Baird, K., Munir, R., & Su, S. (2018). Associations between organisational factors,
TQM and competitive advantage: Evidence from an emerging economy. Benchmarking: An
International Journal, 25(3), 854-873. https://doi.org/10.1108/B1J-05-2017-0110

Fundin, A., Lilja, J., Lagrosen, Y., & Bergquist, B. (2020). Quality 2030: Quality management for
the future. Total Quality Management & Business Excellence.
https://doi.org/10.1080/14783363.2020.1863778

Garcia-Dominguez, A., Marcos, M., & Medina, 1. (2012). A comparison of BPMN 2.0 with other
notations for manufacturing processes. AIP Conference Proceedings, 1431(1), 593-600.
https://doi.org/10.1063/1.4707613

Geiger, M., Harrer, S., Lenhard, J., & Wirtz, G. (2018). BPMN 2.0: The state of support and
implementation. Future Generation Computer Systems, 80, 250-262.
https://doi.org/10.1016/j.future.2017.01.006

Gijo, E. V. (2021). Application of tools and techniques of quality by design in pharmaceutical
process. International Journal of Productivity and Performance Management.
https://doi.org/10.1108/1JPPM-09-2020-0472

Gorenflo, G., Moran, J. W., Beitsch, L., Bialek, R., Cofsky, A., Corso, L., Moran, J., Riley, W., &
Russo, P. (2009). The ABCs of PDCA. Ublic Health Foundation, 7.
http://en.wikipedia.org/wiki/PDCA-accessed12/2/20094http://en.wikipedia.org/wiki/PDCA-
accessed12/2/2009

Gouiaa-Mtibaa, A., Dellagi, S., Achour, Z., & Erray, W. (2016). Development of Integrated
Maintenance-Quality Policy according to imperfect quality item produced. IFAC-
PapersOnLine, 49(12), 1400-1405. https://doi.org/10.1016/j.ifacol.2016.07.764

Gryna, F. M. (2001). Quality planning & analysis: From product development through use (4th
ed.). Mcgraw-Hill International.

Gumpert, M., & Reese, J.-P. (2019). Quality management systems in the ambulant sector: An
analytical comparison of different quality management systems. International Journal of
Environmental Research and Public Health Article, 16(444), 1-17.
https://doi.org/10.3390/ijerph16030444

Hamid, S. R, Isa, S., Chew, B. C., & Altun, A. (2019). Quality management evolution from the
past to present: Challenges for tomorrow. Organizacija, 52(3), 157-186.
https://doi.org/10.2478/orga-2019-0011

Hariono, B., Destarianto, P., & Nuruddin, M. (2018). Determination of water quality status at

sampean watershed bondowoso residence using storet method. The 2nd International Joint

72



Conference on Science and Technology (IJCST) 2017 27-28 September 2017, Bali,
Indonesia, 12126. https://doi.org/10.1088/1742-6596/953/1/012126

Hassan, M. M. D. (2017). An application of business process management to health care facilities.
Health Care Manager, 36(2), 147-163. https://doi.org/10.1097/HCM.0000000000000149

Kahya, A. S., Sismanoglu, S., Er¢in, Z., & Akdag, H. C. (2020). Total Quality Management
Through Defect Detection in Manufacturing Processes Using Machine Learning Algorithms.
In Lecture Notes in Mechanical Engineering. Springer Science and Business Media
Deutschland GmbH. https://doi.org/10.1007/978-3-030-31343-2_44

Kano, M., & Nakagawa, Y. (2007). Data-based process monitoring, process control, and quality
improvement: Recent developments and applications in steel industry. Computers and
Chemical Engineering, 32(1-2), 12-24. https://doi.org/10.1016/j.compchemeng.2007.07.005

Kendall, K. E., & Kendall, J. E. (2013). Systems analysis and design (9th ed.). Pearson.
https://ptllib.org/book/2764937/b7d644

Kern, F. G. (2018). The Trials and Tribulations of Applied Triangulation: Weighing Different Data
Sources. Journal of Mixed Methods Research, 12(2), 166-181.
https://doi.org/10.1177/1558689816651032

Koshy, E., Koshy, V., & Waterman, H. (2014). Action Research in Healthcare. In Action Research
in Healthcare. SAGE Publications Ltd. https://doi.org/10.4135/9781446288696

Kujawinska, A., & Vogt, K. (2015). Human factors in visual quality control. Management and
Production Engineering Review, 6(2), 25-31. https://doi.org/10.1515/mper-2015-0013

La Verde, G., Roca, V., & Pugliese, M. (2019). Quality assurance in planning a radon measurement
survey using PDCA cycle approach: What improvements? International Journal of Metrology
and Quality Engineering, 10(2). https://doi.org/10.1051/ijmqe/2019004

Leavengood, S., & Reeb, J. (2002). Statistical process control part 3: Pareto analysis and check
sheets.

Lixandru, C. G. (2016). Supplier quality management for component introduction in the
automotive industry. Procedia - Social and Behavioral Sciences, 221, 423-432.
https://doi.org/10.1016/j.sbspro.2016.05.132

Luca, L., & Pasare, M. M. (2019). Study on a new classification of causes which generate deffects
of injection molding products. Materiale Plastice, 56(1), 174-178.
https://doi.org/10.37358/mp.19.1.5146

Matsuo, M. (2013). The effects of the PDCA cycle and OJT on workplace learning. The
International Journal of Human Resource Management, 24(1), 195-207.
https://doi.org/10.1080/09585192.2012.674961

Mayer, R. J., Menzel, C. P., Painter, M. K., Witte, P. S., Blinn, T., & Perakathand, B. (1995).

73



IDEF3 process description capture method. Knowledge Based Systems Inc.

Mendling, J., Weber, 1., Van Der Aalst, W., Brocke, J. Vom, Cabanillas, C., Daniel, F., Debois, S.,
Di Ciccio, C., Dumas, M., Dustdar, S., Gal, A., Garcia-Bafuelos, L., Governatori, G., Hull,
R., La Rosa, M., Leopold, H., Leymann, F., Recker, J., Reichert, M., ... Zhu, L. (2018).
Blockchains for business process management - Challenges and opportunities. ACM
Transactions on Management Information Systems, 9(1). https://doi.org/10.1145/3183367

Nadarajah, D., & Kadir, S. L. S. A. (2014). A review of the importance of business process
management in achieving sustainable competitive advantage. TQM Journal, 26(5), 522-531.
https://doi.org/10.1108/TQM-01-2013-0008

Nagyova, A., Pacaiova, H., Gobanova, A., & Turisova, R. (2019). An empirical study of root-cause
analysis in automotive supplier organisation. Quality Innovation Prosperity, 23(2), 34-45.
https://doi.org/10.12776/QIP.\V2312.1243

Nakano, T. (2017). Japanese business and management in evolution. In Japanese Management in
Evolution: New Directions, Breaks, and Emerging Practices (pp. 3-18). Taylor and Francis.
https://doi.org/10.4324/9781315560892

Nedeliakova, E., Stefancova, V., & Kuka, A. (2018). Quick Response Quality Control as an
innovative approach in the conditions of rail transport. MATEC Web of Conferences, 183.
https://doi.org/10.1051/matecconf/201818303003

Nguyen, T., & Bell, J. (2015). The Benefit of Co-Developing Vehicle Electrical & Electronic
Architecture between OEM and Supplier. SAE Technical Papers, 75, 8.
https://doi.org/10.4271/2015-01-0475

Nguyen, V., Nguyen, N., Schumacher, B., & Tran, T. (2020). Practical application of plan-do-
check-act cycle for quality improvement of sustainable packaging: A case study. Applied
Sciences (Switzerland), 10(18). https://doi.org/10.3390/APP10186332

Nsafon, B. E. K., Butu, H. M., Owolabi, A. B., Roh, J. W., Suh, D., & Huh, J. S. (2020).
Integrating multi-criteria analysis with PDCA cycle for sustainable energy planning in Africa:
Application to hybrid mini-grid system in Cameroon. Sustainable Energy Technologies and
Assessments, 37. https://doi.org/10.1016/j.seta.2020.100628

Olszewska, A. M. (2017). Research issues undertaken within quality management - The overview
of selected literature. Engineering Management in Production and Services, 9(1), 74-83.
https://doi.org/10.1515/emj-2017-0008

Othman, 1., Norfarahhanim Mohd Ghani, S., & Woon Choon, S. (2020). The Total Quality
Management (TQM) journey of malaysian building contractors. Ain Shams Engineering
Journal, 11, 697-704. https://doi.org/10.1016/j.asej.2019.11.002

Otto, W. L., Dirkse van Schalkwyk, T., & Schutte, C. S. L. (2020). Implementation framework for

74



automotive technology: How to introduce hybrid and electric vehicles into automotive
production lines. South African Journal of Industrial Engineering, 31(1), 110-121.
https://doi.org/10.7166/31-1-2282

Pacana, A., & Siwiec, D. (2021). Analysis of the possibility of used of the quality management
techniques with non-destructive testing. Tehnicki Vjesnik - Technical Gazette, 28(1), 45-51.
https://doi.org/10.17559/tv-20190714075651

Pinto, A., & Soares, . (2018). Sistemas de gestdo da qualidade: Guia para a sua implementacao
(2nd ed.). Silabo.

Prajogo, D. I., & Sohal, A. S. (2006). The relationship between organization strategy, total quality
management (TQM), and organization performance - The mediating role of TQM. European
Journal of Operational Research, 168(1), 35-50. https://doi.org/10.1016/j.ejor.2004.03.033

Raman, R., & McClelland, L. (2019). Bringing compassion into information systems research: A
research agenda and call to action. Journal of Information Technology, 34(1), 2-21.
https://doi.org/10.1177/0268396218815989

Realyvasquez-Vargas, A., Arredondo-Soto, K. C., Carrillo-Gutiérrez, T., & Ravelo, G. (2018).
Applying the plan-do-check-act (PDCA) cycle to reduce the defects in the manufacturing
industry. A case study. Applied Sciences (Switzerland), 8(11), 1-17.
https://doi.org/10.3390/app8112181

Recker, J. (2010). Opportunities and constraints: The current struggle with BPMN. Business
Process Management Journal, 16(1), 181-201. https://doi.org/10.1108/14637151011018001

Respicio, A., & Domingos, D. (2015). Reliability of BPMN Business Processes. Procedia
Computer Science, 64, 643-650. https://doi.org/10.1016/j.procs.2015.08.578

Rocha, L. D. L., Coltro, J. F. C., Takahashi, A. R. W., Guerreiro, K. M. da S., & Shibuya, T. T. de
J. (2017). Gestédo da Qualidade através da metodologia QRQC — Estudo de caso em uma
empresa do setor automotivo. Revista Qualidade Emergente, 6(1), 1-12.
https://doi.org/10.5380/rge.v6i1.27081

Roriz, C., Nunes, E., & Sousa, S. (2017). Application of lean production principles and tools for
quality improvement of production processes in a carton company. Procedia Manufacturing,
11, 1069-1076. https://doi.org/10.1016/j.promfg.2017.07.218

Saab, N., Helms, R., & Zoet, M. (2018). Predictive quality performance control in BPM: Proposing
a framework for predicting quality anomalies. Procedia Computer Science, 138, 714-723.
https://doi.org/10.1016/j.procs.2018.10.094

Saito, K. (2006). Development of the University of Kentucky — Toyota research partnership:
monozukuri. Energeia. https://www.engr.uky.edu/sites/default/files/Energeia-Development-

of-the-University-of-Kentucky-Toyota-Research-Partnership-Monozukuri-PART-1.pdf

75



Santen, S. A,, Grob, K. L., Monrad, S. U., Stalburg, C. M., Smith, G., Hemphill, R. R., & Bibler
Zaidi, N. L. (2019). Employing a root cause analysis process to improve examination quality.
Academic Medicine, 94(1), 71-75. https://doi.org/10.1097/ACM.0000000000002439

Shewfelt, R. L. (1999). What is quality? Postharvest Biology and Technology, 15(3), 197-200.
https://doi.org/10.1016/S0925-5214(98)00084-2

Siau, K., & Lee, L. (2004). Are use case and class diagrams complementary in requirements
analysis? An experimental study on use case and class diagrams in UML. Requirements
Engineering, 9(4), 229-237. https://doi.org/10.1007/s00766-004-0203-7

Simple Programmer. (2021). What is Business Process Modeling Notation (BPMN) and how it can
benefit your next programming project? https://simpleprogrammer.com/business-process-
modeling-notation/

Stravinskiene, I., & Serafinas, D. (2020). The Link between Business Process Management and
Quality Management. Journal of Risk and Financial Management, 13(10), 225.
https://doi.org/10.3390/jrfm13100225

Stylidis, K., Wickman, C., & Soderberg, R. (2020). Perceived quality of products: a framework and
attributes ranking method. Journal of Engineering Design, 31(1), 37-67.
https://doi.org/10.1080/09544828.2019.1669769

Tate, M., Sedera, D., McLean, E., & Burton-Jones, A. (2014). Information systems success
research: The “20-year update?” panel report from PACIS, 2011. Communications of the
Association for Information Systems, 34(1), 1235-1246. https://doi.org/10.17705/1cais.03463

Teixeira, A. (1999). How to navigate in the sea of quality management literature.
https://doi.org/Teixeira AF. How to navigate in the sea of quality management literature;
1999. https://doi.org/https://doi.org/10.1002/(SIC1)1099-1697(199905) 8:3<143::AlD-
JSC409>3.0.CO;2-V.

Torrisi, G., Notaro, J., Burlak, G., & Mirowski, M. (2005). Evolution and trends in automotive
electrical distribution systems. 2005 IEEE Vehicle Power and Propulsion Conference, VPPC,
812-818. https://doi.org/10.1109/VPPC.2005.1554650

Ubeda, C. L., Santos, F. C. A., & Nagano, M. S. (2017). Analysis of the individual competences
contributions to innovation management based on methodological triangulation. Gestao e
Producao, 24(3), 595-609. https://doi.org/10.1590/0104-530X1481-16

Uddin, M. M. (2021). Improving product quality and production yield in wood flooring
manufacturimg using basic quality tools. International Journal for Quality Research, 15(1),
155-170. https://doi.org/10.24874/1JQR15.01-09

Valmohammadi, C., & Roshanzamir, S. (2015). The guidelines of improvement: Relations among

organizational culture, TQM and performance. International Journal of Production

76



Economics, 164, 167-178. https://doi.org/10.1016/j.ijpe.2014.12.028

Vexillum. (2021). Os valores da Qualidade. https://vexillum.pt/7-principios-qualidade/

Villalba, E., Simon, A. T., & Campos, R. S. de. (2019). Proposta de gerenciamento visual e
metodologia de resolucdo de problemas grqc aplicadas na logistica: Estudo de caso na
industria automotiva. In Atena (Ed.), Engenharia de producéo: Tecnologia e inovacédo no
setor produtivo (1st ed., pp. 1-14).
https://downloads.editoracientifica.org/articles/200901179.pdf

Visual Paradigm. (2021). UML class diagram tutorial. https://www.visual-
paradigm.com/guide/uml-unified-modeling-language/uml-class-diagram-tutorial/

Vujovié, A., Jovanovié, J., Krivokapié, Z., Pekovié, S., Sokovi¢, M., & Kramar, D. (2017). The
relationship between innovations and quality management system. Tehnicki Vjesnik, 24(2),
551-556. https://doi.org/10.17559/TV-20150528100824

Whitten, J., & Bentley, L. (2007). Systems analysis and design methods (7th ed.). McGraw-
Hill/lrwin. https://ptllib.org/book/1090112/e04d3d

Yazaki Europe. (2021a). Automotive Products - Yazaki Europe.

Yazaki Europe. (2021b). Quality - Yazaki Europe. https://www.yazaki-europe.com/products-
competencies/quality

Yu, G. J., Park, M., & Hong, K. H. (2020). A strategy perspective on total quality management.
Total Quality Management and Business Excellence, 31(1-2), 68-81.
https://doi.org/10.1080/14783363.2017.1412256

Zasadzien, M., & Midor, K. (2018). Statistical process control as a failure removal improvement
tool. Acta Technologica Agriculturae, 21(3), 124-129. https://doi.org/10.2478/ata-2018-0023

Zhu, G. N., Hu, J., Qi, J., Gu, C. C., & Peng, Y. H. (2015). An integrated AHP and VIKOR for
design concept evaluation based on rough number. Advanced Engineering Informatics, 29(3),
408-418. https://doi.org/10.1016/J.AEI.2015.01.010

77



Appendixes

Appendix A — Electrical inspection sheet
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Appendix B — Visual inspection sheet
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Appendix C — HV wire and harness rectification document
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Appendix E — Aleatory Internal Defect sheet (Daily Log sheet)
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Appendix F — Excel with production information
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Appendix G — New Whiteboard template
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Appendix H — Whiteboard filling standard
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Appendix | — Defect coding catalogue (for wire harnesses)
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Appendix J — QDS report with PDCA tool
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Appendix K — QDS registration options: office and shop floor

&

Confirm record

Add defect

In shopfloor by quality
o)
r’ﬁ)‘-

e Definitions

Reason codes

Defect codes

Y YAZAKI

TSE - Login

Add defect in shop floor

Aad

(Cbserved Date

Shift I8

Reporitic:
Workcenter ID (SAP}

T e | = —1
P — e e —
Pt e T E—
Souwce of defect [ - B cutiees
redrtoore | T o]
P e P —
Prodiuct serial no #ofcrappedprodect ||
Celnct Code B work Force Lom iManstiows X[
Rogion Code -
areqses
[Detect cescriation {drawing. ramele}
|Twig number  Connector Clrguit | Chrowit 2
Descrgton | | Team [ ]
IMochine Sizo of wire [Kind of wie |Appicotor i [Teminal  |Acceucry  S7G 1d Press Direction Terminal State
A Foo predoet
— | — | — ——r n— T R
e $1o o sanipack
Five Why
Defoct Nome Roaron | [ Roaton 3 Roaven 4 Roason §
fooicaure of defect
|Oparator comments Precaution of operator
Une leager comments Frecoution of ine leader
Repcir/Evaulafion for Product|
Evaluahon by Preduct Engineerng
Industrial Enginering repa methad
O stock conection
Syatem sock comaction
Materall
\ateraiz I
Materald ‘:
Materald
lara
Mon Machine Method Mateiial

Coserved Date

Shift . i'

Reportho

Workcenter ID [SAP] i
Operater id kid bAMuncoev' Arec i
Stotion Quolity staff Id !
Line Leader ] ! Customer name !
Defect cbserved ([l Project nome -

Source of defect ||

Product nome | elect

g
— B cutecd
|

# of defected product

]

Podctne ]
Product sefialne ||

DefectQuontiylyes [ W
sofscroppedprodust ||

Defect Code  |[select

B | work Fores Loss Markoun [ JX[ ]

Reoson Code |

arvauied

[Defect descripfion [drowing, sampls|

Twig number Connector Circuit 1 Circuit 2

\ H I 1 \

Ceseription | | Team [ |
Machine Method Matenal

87




Appendix L - Example of QDS collected data

(BIE+) Personnel |\ ame sumame Area | Lne Leader Posion | Passive  Inserted By Insertad At
[ LB Bl 5] ] [ 3
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s« X0 1173 1SABEL ROTHA P o LineLeader ] 24272021 5:51:05 AN
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Appendix M — QEDS and QDS reports of May 2021

QEDS May 2021 results
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Pre-P3 {EVA1 D De:2021-05-01 Até:2021-05-31

Ex]

POU

N=9 4
L]
266
L]
2
1 063
? o1E g o
o —
7 8

DEFEITOS INTERNOS -- Montagem Mass Production

3.68
287
244
202
0.98
051
1 F 3 4 5 B

Q
9 10 1n 12
AN ADDD  AWTY BN Meses

Total Top Defeitos Pre-Electricos
Circuitos | g214| |Cod [Dneﬁcn [Tﬂ |Cod Il'ﬂ
|0TD. Defaitos of [a011 Tube | 5 |aJ11 [Tubo (Shrink/SleeveZipper) | |
Defeitos Total (PDU) 0.og| |AC08 Cravagso IDC - cravacio i |acog |Cravagao IDC - cravagao | 3

AWT1 Short (inspecgao eléctrica) 1| (T |Short (inspeccio elécirica) | 1

BJ211 H\ tast Failure- AC or DC ol |BJ211 IH\J‘ test Failure- AC or DC l 0

con. DESCRICAD | E | TOTAL
| 8 2
|AB02 Terminal Danificada o o
lacoe Cravagdo IDC - cravacso defeituosa 3 3
1A G02 Conector Danificado o o
Lal0z SpacerLock secundario Danificado ] o
111 Tuba (Shrink/Sleeve/Zipper) Dimensas incorrecta 5 5
LaW40 Circuito Errdnen o ]
LAWT1 Short (inspecgao eléctrica) 1 1
BJ211 HV test Failure- AC or DC o o
BJ212 Mirleak test Failure o o
QDS May 2021 results
Quality Data System W YAZAKI
Report main menu Logout - Plant Page
General Defects TCP 5 Defects
TOP 5 Cperators TOP 5 Line leaders

CIT - Inmovation and Integration
Local QDS V2.1, 2020
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Customer analysis [ # of defected product(s) (Pcs) ]

10000 (%), 420 (pes)

Customer X

TOTAL

Area analysis [ # of defected product(s) (Pcs) ]

B Y 84888

g g

Workstation analysis [ # of defected product(s) (Pcs) ]

m
7
54
24
mn 1 g 7
| i = [ _— : ;
|l

-_—

4

-
00
@
ol
w0l
xl
1
Daimler-[3176307HEOL_DG2)] Daimler-[31763004-EOL L5}
Daimler-[31763008-EOL_ACT)] Daimler-[31763010E0L_DCT)] D;

Defect code analysis [ # of defected product(s) (Pcs) ]

Daimler-[31763024-E0L_ACH
aimler-[31763005-EOL_LE)] D;

Dai
aimler-[31763026-{E0L_L11)]

Daimler-[31763003-E0L L7
Daimler-[31763008-E0L_L &g D;

-_—

aimler-[31763011-EOL_L12)]

114 (pes)

1850 (%)

ER 16.00 (%)

53 (pes)

AU-21-[Incorrectly Torqued]

BJ-211-[H¥testiailure -ACarDC]

BJ-212-[Airleaktestfailure]

AU-14-[IncorrectInsertion]

45(pcs) 1570 (%)

10.10 (%)

AG-30-[NotFullyInsened]

120 |l # of cefected prodcts
[ ot recees
100 |8 # of deferted prodicts (o)

Line Leader analysis [ # of defected product(s) (Pcs) ]

o] 114 {pcs)

30 fpes)

758 19393 - 173

20.00 ()]

3107

120 [l # of defected products
I Defectrecords
100 8 # of defected procets (%)
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Appendix N — Assembly area resources analysed

L11 -

f

B C D E F G
Process Code Process Computer Observation
Screen  |Keyboard
Ccoo1 Maquete-1 X
coo2 DC1.1
C003 DC1.2 X
Coo4 DC2.1
C0o0s5 DC22 X
Coos DC3.1
Ccoo7 DC3.2 X
Ccoos DC4.1
C0o09 DC4.2 X
C010 Electrical Inspection-1 X X
co11 Maquete-2 X
c012 DC1.1
C013 DC1.2 X
C014 DC2.1
C015 DC22 X
CO16 DC3.1
Cc017 DC3.2 X
c018 DC4.1
Cc019 DC4.2 X
C020 Electrical Inspection-2 X X
Cc021 Maquete-3 X X
Cco22 AC1.2 X
C023 AC2.1
Cc024 AC2.2 X
C025 AC3.1
C026 AC3.2 X
c027 Electrical Inspection-3 X X 1
c028 Maquete-4 X X 1
C029 AC1.2 X
C030 AC2.1
coAn AC2.2 X
Cc032 AC3.1
C033 AC3.2 X
C034 Electrical Inspection-4 | X
C035 Electrical Inspection-5 X X
C036 Electrical Inspection-6 X X
Cc037 Electrical Inspection-7 X X
C038 Electrical Inspection-8 X X
C039 Electrical Inspection-9 | X
C040 Electrical Inspection-10 _ |x X
Co41 Electrical Inspection-11__ |x X
C042 Electrical Inspection-12_ |x X
C043 Firewall-6
C044 Firewall-7
C045 22 Visual Inspection-1 X X 1
C046 22 Visual Inspection-2 X X 1
C047 22 Visual Inspection-3 X X 1
C048 22 Visual Inspection-4 X X 1
C049 22 Visual Inspection-5 X X 1
C050 22 Visual Inspection-6 X X 1
C051 22 Visual Inspection-7 X X 1
C052 22 Visual Inspection-8/9 _ |x X 1
C053 22 Visual Inspection-10_ |x X 1
C054 22 Visual Inspection-11__ |x X 1
C055 22 Visual Inspection-12__ |x X 1
C056 Micronorma-11
C057 Micronorma-12
C058 Jib Board-5
C059 Jib Board-6
CO60 Jib Board-7
CO61 Jib Board-8
coe2 Jib Board-9
C063 Jib Board-10
C064 Jib Board-11
C065 Jib Board-12
Line 3 and 4 (AC) - exist one computer in the midle of each line 2
15
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