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PETER CAAL

Department of Industrial and Materials Science

Chalmers University of Technology

Abstract

In modern manufacturing, seamlessly integrating resources with the process struc-
ture is crucial for efficiency and product quality. This study investigates the value
and challenges of connecting resource 3D models with the process structure and the
consequences if the connection does not happen.

Research quality is ensured by adopting the Design Research Methodology. The
study conducted a thorough literature study to give a substantial theoretical back-
ground. Provided with the gathered information, semi-structured interviews were
conducted, providing interviewees the flexibility to express their views on their terms
and get deeper into subjects relevant to them regarding the project. Additionally,
observations were conducted to understand how employees currently work in the
system.

The findings unfold an opportunity for improvement related to how the case com-
pany delivers instructions on how to build upcoming cars to the factory. In the
current delivery of instructions and process structures, resource 3D models are not
linked, often resulting in only the displaying of resource item numbers or empty
fields. This challenge often results in significant time savings once resolved. Con-
necting resources not only enhances visualization and transparency but also fosters
collaboration, breaking down silos within the organization. The project investigates
two alternative ways of working for the future and looks into a possible interim
solution. Since there are alternative solutions the project concludes with a recom-
mendation for how to tackle this challenge most effectively in the future.

A successful connection would gather all data related to the assembly operation
in the same place, diminishing miscommunications and enhancing cross-functional
collaboration. Consequently, significant time would be saved that otherwise would
be spent on searching and contacting other departments to get an understanding of
what is included in the assembly operation.

Keywords: Digitalization, Bill of Process, Bill of Equipment, Product Lifecycle
Management, Traceability, Visualization.
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Introduction

In this chapter, the Background of the problem and challenges with the research will
be addressed. After that has been conducted, the Case Company will be described
for an understanding and definition of their problem. With an overview and def-
initions defined, the projects Purpose and Aim are presented. Having it specified,
the Research Questions used to determine the results are presented and explained.
Thereafter, the project scope and focus will be ensured by describing the implemented
Delimitations for the project. Lastly, concluding the chapter by describing the Out-
line of Report, what this report will further cover.

1.1 Background

The automotive industry stands at the peak of transformation. It is driven by
stronger government rules, changing consumer preferences, and a global push to-
wards sustainability [1]. This additionally implies that the industry encounters nu-
merous new challenges that demand strategic adaptation. One of these challenges,
mostly driven by sustainability, is the transition towards electric and hybrid vehicles
[2]. This places pressure on companies in the automotive industry to supply for the
new demand and to deliver cars faster by working with new technologies and shorter
lead times. The evolving consumer expectation also poses both challenges and op-
portunities as people are making lifestyle changes and many consumers looking into
ride-sharing [3], which creates the need for more servitization in the automotive
industry [4]. Digitalization within automotive industries changes the value creation
chain as it has already done to other industries [5].

Another challenge is the competitive setting of the automotive industry, forcing
companies to become more agile and to adapt to new changes quicker to get in
front of their competitors [4]. In today’s world, the cars that are produced by car
manufacturing companies include tens of thousands of parts from multiple suppliers.
In 2022 there were nearly 62 million passenger cars produced which was an around
8% increase from the 57 million produced in 2021 and each of these produced cars
contains 20,000 to 40,000 parts [6],[7]. The parts are needed to produce high-quality
and safe cars in the competitive car market. To cope with all the parts together
with the customization abilities the customers desire, companies in the automotive
industry need to have effective data management [8]. The automotive companies
need to be modernized and digitalized to keep up with the mature enterprise ar-
chitecture organizations that are more technologically advanced, agile, and faster [5].

1



1. Introduction

For automotive companies to stay competitive they need to have effective data man-
agement, streamline information sharing, and productive project management. One
of the approaches to accomplish the above mentioned is through the effective uti-
lization of Product Lifecycle Management (PLM) systems already in place within
companies. This entails ensuring that all data within the PLM system should be
accessible to all engineers impacted by it [9]. Automotive companies should to-
gether with having effective management combine it with fostering a culture of
cross-functional collaboration. PLM is a systematic approach on how to manage
the entire lifecycle of a product [9]. PLM extends back to raw materials used in pro-
duction to End of Life management [8][10]. PLM systems include all stakeholders
who are part of the process, from engineers to suppliers, and clearly show all stages
of the product lifecycle. Having a PLM system in place streamlines information
sharing and project management [11]. Since all stakeholders are included, feedback
from each individual can significantly enhance the results. In addition, if somebody
changes a process or part somewhere during the lifecycle, this can be uploaded to
the PLM software to ensure the same mistake does not repeat itself [8].

PLM provide users access to critical data in real-time [8], facilitating smoother
project management and workflow by enabling the possibility of linking different car
parts together with the equipment and processes for their assembly in the correct
sequence. With this link between parts, equipment, and processes it is possible
to virtually visualize how it will look in real life, which opens the possibility for
virtual verification. By creating this connection in the PLM system, engineers and
stakeholders will be able to see the 2D /3D models and other documentation related
to building the car in one generic sequence. This in turn reduces process lead times
by increasing information visibility and reducing search and duplication processes
[9], as it takes up much of the engineer’s time [8]. Leading to a smoother and
improved development phase to manufacture cars for the innovative future in time,
within budget, and improved quality [9)].

1.2 Case Company

The Manufacturing Engineering (ME) department connects Engineering, formerly
R&D, and the Plant (factory) at Volvo Car Corporation. ME are responsible for se-
curing manufacturability and their responsibilities are to connect the product to the
processes, assuring the products fit into current processes with tools, equipment,
and production lines. Assessing ergonomic conditions together with assuring the
production ability of the car. As seen in Figure 1.1, ME exchanges manufacturing
requirements with Engineering and in return get the basis for the Process and In-
spection Instructions (PII). These are documents created to outline all information
required for assembly and control operations for a component to fulfill the quality,
efficiency, ergonomic, and functional requirements. ME also collaborates with the
Plants and provides them the PIIs based on their operation requirements. Hence,
the PIIs contain important information regarding the assembly operations of the car
and are created and stored in the Bill of Process (BOP).
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Final Assembly (FA) within ME connects products and processes of the production
line such as assembly of the axles, marriage point, door assemblies, and many more.
Dealing with such large and different operations requires a lot of different suppliers
due to the large number of articles to assemble with contrasting processes. Adding
to the complexity is also the fact that the company is producing different car models
on the same assembly line. Resulting in that the PIIs must be well-written, clear,
and provided as early as possible to partner with the suppliers and Plant effectively.
Additional challenges exist with suppliers unwilling to share their data with other
suppliers or that they are working in different systems. All of these factors contribute
to the creation of PIIs in the FA department being complex.

(" )

Manufacturing

PIl Basis Engineering Plls 4
Engineering Final Assembly [ — Plant
Stamping OPER
Paint reg. \\

& J

Laws . .
N L Information Benchmarking
Program Prereq. Direction Directiveness
Norms Technology the Best

Figure 1.1: The work organization and collaboration between the departments

Since all of these different departments have to work together to create the end prod-
uct, cross-functional collaboration is essential which is also embedded in their vision,
World Class Engineering (WCE). WCE is a digital strategy that Volvo Car Corpora-
tion has in place that aims to achieve and sustain the highest standards of excellence
in product development, manufacturing, and innovation [12]. WCE emphasizes a
common source of engineering data for continuous improvement, efficiency, and a
commitment to excellence throughout the entire engineering life cycle. The vision’s
backbone emphasizes utilizing one PLM system to succeed, minimizing the num-
ber of platforms and databases. WCE promotes a culture where Engineering, ME,
Plant, and other engineering functions work together. It ensures data access for all
users with seamless integration of supplier changes and utilizing a standard library
for all products and resources. Effective communication and collaboration among
these teams lead to reduced lead times, cost, and most importantly the creation of
superior products [13].

Today, the PlIs are the information container and are stored in the BOP, a tree-
structure list in Teamcenter (TC) Classic accommodating the planned process ap-
proach. The parts together with their 3D models are linked to the PIIs, however,
they do not include 3D models of the resources, meaning tools, equipment, and
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fixtures. This leads to there being no visualization possibilities for the complete
operation. Consequently, lacking linkage to the Bill of Equipment (BOE), a tree-
structure list containing all of the resources used to assemble the car and all tools
and equipment within the factory for manufacturing. Instead, only equipment model
numbers are included and are often not updated to the current version of the equip-
ment used. This causes disruptions when the equipment is modified or edited at
any point during the process or in production, as ME could remain unaware of the
alterations. This results in repeating the same errors, incurring both time and fi-
nancial losses where the repetitive work can cause workers to become demotivated
[14]. The lack of connection between the resources and Plls is a previously men-
tioned industrial problem for the case company [15], suggesting the importance of
this research topic.

1.3 Purpose and Aim

The purpose of this Master’s thesis project is to improve transparency, efficiency,
and the connection between the BOE and PII in the BOP for the FA department at
Volvo Car Corporation. The purpose is also to increase and improve cross-functional
collaboration, assuring that all information during various stages is up-to-date be-
tween involving teams to improve the consistency, reliability, and quality of the
information flow. Finally, ensuring flexibility for adaptation across different manu-
facturing plants and engineering scenarios.

This project aims to describe the current issues and problems while simultaneously
providing a synthesis of how to navigate these problems with current and future
systems, while also assessing the consequences if the aim is lacking or not imple-
mented. Moreover, aiming to provide a work vision covering the business values
these improvements can accomplish for the company.

The primary objective of this project is to compile integration methods for their
digitalization strategy. This is to visualize the products, tools, and processes to-
gether, aiming for a better overview of the connected inputs. Another objective
is to improve the work environment for engineers working with processes, product
development, and manufacturing plants, by ensuring a common source of all data to
reduce waste by removing different data platforms. This includes removing the silo
type of work to balance the work process flow, reducing the outcome chances of the
FA department being the bottleneck during the work process flow. The last objective
is that the synthesis description ensures that all plants and manufacturing engineer-
ing teams access accurate and up-to-date information during various stages. Having
a standardized process ensures consistency in cross-department collaboration.
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1.3.1 Connection to Sustainability Development Goals

The research topic for the case company is connected to multiple of the United Na-
tions (UN) global sustainable development goals. The main goals that the topic is
connected to is goal 8, 9, 12, 13, and 17 [16]. Tllustrating how the project aligns
with broader global sustainability objectives and potential positive impacts on so-
cial, economic, and environmental dimensions.

Improving the work environment for engineers and ensuring information access to
promote productivity aligns with Goal §: Decent Work and Economic Growth. Goal
9: Industry, Innovation, and Infrastructure aligns to the topic through the contri-
bution of enhancing infrastructure by improving the transparency, efficiency, and
connection between the 3D resource models and process structures. The project
promotes responsible consumption through reducing data waste and promoting a
better virtual verification which is connected to Goal 12: Responsible Consumption
and Production. The projects aspiration is to improve efficiency and indirectly re-
duce waste in production processes to mitigate environmental impact aligns with
Goal 13: Climate Action. Lastly, Goal 17: Partnerships for the Goals is connected
to the topic by fostering cross-functional work and facilitating knowledge sharing.

1.4 Research Questions

The research questions were determined based on the project’s aim and scope.

« RQ1: What obstacles exist in linking 3D resource models to the product and
process structure?

The first question is asked due to the diligence of the obstacles at the company in
question to describe and understand the present problems. The questions should
identify why the 3D resource models yet are not linked to the PII in the BOP. The
articles are linked and the aim is to investigate how to also connect the resources to
the PII to include all necessary information for the process and assembly. Addition-
ally, to ensure the capability for visualizing and tracing both the part and resource
from the BOP.

« RQ2: How can 3D resource models be integrated with product and process
structure with current and future methods?

The second research question aims to explore the existing and prospective method-
ologies employed within the company, analyzing work procedures in both the present
TC Classic system and the forthcoming TC PLM system. To improve the possibil-
ity of establishing a connection between the 3D resource model and the PII in the
BOP, employing a methodology aimed at systematically reducing redundant and
inefficient administrative tasks.
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o RQ3: What are the benefits of applying a common connection source, and how
does it impact production development?

The third research question aims to explore the advantages of implementing a com-
mon connection source for integrating the 3D resource models with either the PIIs
in the BOP or directly into the BOP. Furthermore, it will assess the implications
for production and process development.

1.5 Delimitations

The objective of the project is to investigate a methodology that defines a system-
atic approach to link BOE models to PII in the BOP. This should be universally
applicable to all plants, to guarantee reliability and consistency in the flow of in-
formation. Hence, the methodology should be designed for long-term use, however,
any implementation will be scheduled post-project due to the short timeline.

The project scope only encompassed the department FA within ME, however, FA
works towards the assembly of the whole car. Due to the complexity of car as-
semblies, the project was mostly in collaboration with the department responsible
for the assembly of the rear axle area. Moreover, this focus area is a result of the
thesis’s time constraints and an effort to further define the scope by involving fewer
respondents. Ensuring that the scope and information regarding the subject is more
precise leads to a better proposition of how the work should be carried out.

The project’s outcome will not be physically implemented, tested, and evaluated
thereafter at this stage due to the time limit and lack of verification and validation
possibilities. However, the proposition findings will be evaluated by company experts
in the area. Due to the systems being under constant development, the validity
of the result could become outdated. In addition, the common source to store
all engineering data is already decided. The project does not seek to include a
comparison between different platforms to evaluate. The predefined platforms are
TC Classic and TC PLM.

1.6 Outline of Report

The paper is structured chronologically for clarity and ease of comprehension. It be-
gins with the current Introduction chapter to provide background information on the
problem and research. Following is the Theory chapter, describing the necessary the-
ory to establish a foundation of knowledge. This is followed by the Methods chapter,
where the based method theory is presented alongside the applied method employed
to address the research questions. Afterwards, the Results chapter presents the con-
cludes the current state and findings from the interviews. Thereafter, the results are
combined in the Synthesis chapter, describing ways of working in different systems.
At the end of the paper, the findings and project will be analyzed and discussed in
the Discussion chapter before ending with the verdicts in the Conclusion chapter.
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Theory

This chapter describes the theoretical background used for this thesis to establish
a foundation of knowledge to build further on. The theory topics that will be es-
tablished are Product Lifecycle Management, Product Data Management, Virtual
Development, and ending the chapter with Change Management.

2.1 Product Lifecycle Management

Product Lifecycle Management (PLM) is a systematic approach for overseeing prod-
uct development and product-related information from initial idea to disposal, en-
abling control of the company’s products throughout its lifecycle [8], [9]. Creation,
preservation, and storage of information about the company’s products is PLM’s
core purpose for better product structures and product portfolio management with
faster information retrieval, distribution, and re-utilization [8], [9].

The controlled information management used with PLM environments enables de-
tailed management of the companies products, removing gaps, contradictory ver-
sions of the same data, information silos, redundant data functionality, and product
recalls [9]. PLM concerns the whole organization due to its holistic and cross-
functional approach to product lifecycle information control. Hence, it is as much
an organizational approach as a technological approach [9], suggesting positive in-
volvement from both the horizontal and vertical organizational structure is required.

According to Saaksvouri and Immonen [8], PLM is a wide functional totality and
does not represent a software or method. However, there are multiple software avail-
able today that help companies control their information processes which is almost
without exception, the standard among companies nowadays [8]. Teamcenter (TC)
is one of these PLM software developed by Siemens and also serves as the software
utilized by the case company. Effective use of the TC software can enable rapid
response design which shortens lead times and improves product quality. TC allows
for virtual product modeling, collaborative product and process development, en-
hances transparency across organizations and suppliers, simplifies file retrieval, and
provides a comprehensive overview of products, processes, and their interconnections

8], [9]-
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2.1.1 Traceability

The automotive industry is a highly competitive market, i.e. because of customer
demands and globalization, which forces high complexity, specificity, and modular-
ity causing more time and cost-efficient operations while maintaining quality [17],
[18]. Additionally, to market expectations, the automotive industry faces safety,
legal, and environmental regulations from both regulators and customers [9]. These
expectations trigger traceability employment and information management through-
out the product’s lifecycle of the companies to satisfy the customers and regulators
[9], [17], [18]. Ome of the information technologies that the companies employ is
PLM systems [17].

Focusing on the product development phase, it is important to have traceability
of all complete information and documentation to reduce the risk of not using the
latest versions [9]. Included in that point of view, the traceability of actions taken
on data is important to provide documentation security with a possibility of archival
and recovery of data [9].

Another important aspect to take into consideration with traceability during the
product development phase is when companies use old or already in production
tools and equipment. Reusing tools and equipment for new models or updated cars
is of utmost importance to save money, time, and training for operators. Hence, the
traceability that can be achieved by PLM makes sure that these tools and models
can be found easier and faster to test the possibility of reusing them [18]. Lastly,
easy product structure traceability beyond the purpose of reuse or documentation
retrieval is beneficial to reduce engineers’ time spent on non-value-added work [8].

2.1.2 Visualization

Visualization demands collaboration between departments to improve the work pro-
cedures and communication through the different departments [19]. Having 3D mod-
els for better viewpoints and therefore understanding helps the parties involved, e.g.
manufacturing personnel when resolving design issues [19]. Visualization with vir-
tual product representation helps with collaboration, the virtual model allows shared
conceptualization between individuals that have different geographical locations by
visualizing exactly the same model [20]. The virtual 3D models are also used during
the development phase, having the visualization needed for digital mock-ups and
virtual verifications [9], [21]. User confidence in simulation results increases with vi-
sualization of virtual models [22]. Within manufacturing companies, the operator’s
apprehension of the process, product, and equipment is a necessity, 3D visualization
of the operation processes alongside written instructions enhances a more compre-
hensive understanding. Utilizing 3D models through the beginning of the product’s
lifecycle ensures possible usage for later purposes as well if models, later on, are
interoperable [23].

Furthermore, as previously mentioned the current automotive industry is complex
with different variants and configurations within each vehicle project resulting in

8



2. Theory

more advanced processes and products [24], [25]. Unclear understanding and vi-
sualization of the process environments can trigger the need for PLM systems [8].
Moreover, connecting the process tree structure with 3D models for further deploy-
ment of visualization to acquire a more holistic view and information gain is of
importance to obtain more efficient project performance and time usage [25].

2.1.3 Cross-functional Collaboration

Cross-functional collaboration refers to the practice of bringing together individuals
from different functional areas or departments within an organization to work to-
gether toward a common goal [26]. For example, if one department is very efficient
with its work it will only cause bottlenecks elsewhere in the chain which is why it
is so important with cross-functional collaboration [8]. During a PLM transitional
phase, there must be cross-functional collaboration since the project touches upon
multiple departments [8], [27]. The cross-functional collaboration aims to foster
communication, break down silo work, and use diverse expertise to drive success
and innovation [28].

By involving stakeholders from different functions in decision-making processes, it
can enhance the quality of decisions due to making use of more diverse perspec-
tives and insights [28]. Cross-functional collaboration also increases efficiency by
streamlining processes and reducing the accidental double work [8]. By breaking
down silo work between departments and fostering communication, collaboration,
and openness organizations increase both efficiencies and promote learning [26].

There are also some challenges regarding cross-functional collaboration. The prob-
lems and prejudice from the silo type of work can be brought into the cross-functional
team if the team’s priorities are not aligned. The diverse skills and perspectives can
also be reason for conflict if none of the individuals on the team are ready to compro-
mise regarding their department’s work [29]. It is therefore essential that the team’s
priorities are aligned and are receiving strong support from the leadership. Addi-
tionally, the leadership from the different departments also needs to work together
in a cross-functional way to be able to give good support to the cross-functional
team [29]. Another challenge regarding the cross-functional nature of PLM is own-
ership, since many different departments work in the system it may be unclear who
is responsible for what [9].

2.2 Product Data Management

A Product Data Management (PDM) implementation is a specific type of PLM
implementation, PDM is a systematic approach to manage and organize informa-
tion regarding a product throughout its lifecycle. It includes storage, creation, and
spreading of product-related data. The data can include anything from structures
to 3D models or drawings. PDM systems provide a way to store, and manage data
effectively, which allows organizations to streamline collaboration and improve effi-
ciency throughout the whole lifecycle of the product [8], [9].
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PDM intends to enable stakeholders who work with a project to get access to accu-
rate and relevant data when needed. PDM increases traceability, control over prod-
uct information, and visibility by merging all product data into one single accessible
platform. PDM streamlines cross-functional collaboration to accelerate decision-
making and reduce errors resulting in quicker time to market [9].

2.2.1 Data Democratization

Data democratization means making data more accessible, actionable, and under-
standable for more people within an organization, this empowers employees at all
levels to make more well-informed decisions based on data-driven insights. Addition-
ally, it allows the whole organization to keep up to date with everything happening,
which limits the redoing of tasks and miscommunications [30]. The concept of data
democratization is grounded in the idea of everybody having access to information
and fostering a culture of transparency, collaboration, and data literacy [31].

An effective use of data democratization promotes organizational learning meaning
continuous improvement and adaptation in response to environmental changes [31].
data democratization promotes organizational learning by supplying employees with
access to relevant data and insights, allowing them to make data-driven decisions,
identify patterns, and monitor performance. Organizations can leverage data de-
mocratization together with principles such as Lean production or Kaizen to foster
a culture of innovation and agility in response to new challenges by promoting a
culture of experimentation, reflection, and feedback [31]. Additionally, data democ-
ratization helps to remove data silos which not only makes the data more accessible
to all relevant employees but takes away the need of having duplicates of documents
and ensures that the data seen is always the newest and most relevant data available,
while also taking up less storage space which is valuable to bigger organizations [32].

There are also some risks and challenges regarding data democratization. Data
must be organized, managed, and cleansed otherwise it could be interpreted in the
wrong way [30]. Data democratization can also lead to flawed decision-making if
the data is of low quality, or if the employee at hand doesn’t understand the context
of the data [32]. Additionally, there will be a huge learning curve for employees
learning to use and access the new data layout, since they are used to the old data
silo way. Data democratization also comes with security risks such as misuse and
unauthorized sharing [30].

2.3 Virtual Development

Virtual development or digital/virtual prototyping is a process where designing,
testing, and validating products or systems happens only in a digital environment
and not in a physical one. This saves both time and costs across various projects
by moving physical prototyping to later stages of the development process, resulting
in a more precise prototype [33]. Virtual development is supported by Computer
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Aided Design (CAD) systems together with simulation, and visualization tools to
create digital representation of products [9]. The digital representations can then
be tested to assess functionality, manufacturability, and performance in a virtual
environment [9], [33], [34].

Virtual development allows designers to rapidly iterate different product configura-
tions through CAD software before making a physical prototype. Different simula-
tion tools can therefore be used to test how the product would perform in the real
world [34], by testing, for example, fluid dynamics or mechanical stress. This helps
designers find weaknesses and issues early in the development process and with little
to no loss in time or money. In summary, virtual development is a great method
for optimizing product and process development by minimizing the need for phys-
ical prototypes, identifying errors early, and driving innovation forward in today’s
fast-paced market [33], [34].

2.3.1 Virtual Commissioning

Virtual commissioning is a concept that can be used to verify early on how software,
mechanical, and electrical systems interact during the development of production
processes [35]. By creating a virtual model of the production system and linking it
to the appropriate control technology, process sequences can be replicated, thereby
identifying errors [35]. Hence, a shorter commissioning period for the actual pro-
duction system because suitable optimization techniques can raise the quality of
the control software before the actual plant components are prepared for operation
[35]. In summary, virtual commissioning reduces the project duration by simulating
the real plant with reproduced dynamic behavior earlier in the project, upstream
in the process [22]. As Striffler [22] describes it, the development process can be
parallelized and accelerated while increasing quality.

The basic requirements are the availability of data, availability of equipment, sup-
plier cooperativeness, and planning time [22]. It is critical to have information about
the production facilities, 3D models provided with kinematics, behavior, and ma-
terial flow, with correct functional aspects [35], [22]. The most extensive parts of
virtual commissioning is according to Kampker et al. [35] the creation of virtual
models. Hence, re-utilization is an important aspect to minimize the project cost
and time, therefore it is crucial to have the same file formats for the 3D models to
have the necessary functionality exchange [23]. Additionally, product data is mostly
generated at the start of a project [23] and the different control programs used must
be capable of cooperation. Therefore, supplier contribution and cooperation are
vital, ensuring the accuracy of the virtual commissioning process [35].

Some benefits of virtual commissioning, especially in scalable production systems,
according to Kampker et al. [35] are cost savings, reduced commissioning time,
and avoidance of delays. Verifying virtual production systems earlier without in-
terrupting existing production entails earlier error identification, different scenario
possibilities, minimizing material usage, and better development team cooperation
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[35]. Additionally, the creation of virtual models with necessary equipment software
allows earlier operator training and feedback regarding the production operations
[35]. To comprehend the future demands and complexity of the automotive indus-
try it is fundamental to integrate new processes to verify geometry and functional
development with CAD models containing complete product information [21].

2.4 Change Management

Change comes in different forms and is defined as an alteration of people, structure,
or technology also called change agents [36]. Change agents can be internal or exter-
nal and they play a crucial role in driving and facilitating change initiatives. These
agents act as catalysts for transformation and lead to overcoming organizational
inertia, which creates opportunities for adaptation and innovation.

Two forces create the need for change these are internal and external forces. Inter-
nally generated forces originate from within the organization and may include shifts
in leadership, introduction of new equipment, organizational culture, and employee
attitudes. For example, leadership changes may bring new visions, strategies, or
realignment of goals. Similarly, the introduction of new equipment may influence
the way people work, responsibilities, decision-making, and openness to change ini-
tiatives [36].

External forces have their origin from a wide range of places characterized by factors
outside the organization’s immediate control including technology advancements,
market trends, competition, economic change, and government regulations are a
few examples [9]. For example, competition, changing market trends, or govern-
ment regulations may require adaptations in business models, services, or products
to maintain competitiveness [36].

Technology advancements, including digitalization, automation, and information
technology are driving organizational change more and more across industries. Em-
bracing these advancements creates the opportunity to improve efficiency, and en-
hance customer experience. However, technology advancements also pose challenges
regarding the hardship of implementation in bigger companies, skill gaps, and cy-
bersecurity risks which all require strategic planning, organizational alignment, and
proactive management [36].

Despite the importance of change, organizations often encounter resistance from
various stakeholders who see change as an uncertainty, are concerned over personal
loss, or believe that the change is not in the organization’s best interest [36]. Ad-
dressing the resistance to change requires a wide approach, where the ultimate goal
is to develop a tradition of change. People who are used to change tend to accept
it without resistance however too much change can leave the employees wondering
what will happen to them due to the constant change [36]. Furthermore, involving
more employees in the decision-making process can improve alignment, commitment,
and ownership making employees more positive towards the change [36].
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Methods

In this chapter, the Method Theory, Applied Method, and Stakeholder Analysis will
be presented. The project method theory and interview theory that was established
will be described in the methodology theory section. Afterwards, it will be described
how the methodology was applied withing the project scope. Last section of this
chapter will describe how the stakeholders was mapped and analyzed for this project.

3.1 Method Theory

For this project, two theories were used as basis for the methodology, namely the De-
sign Research Methodology and a Interview Theory. The Design Research Method-
ology theory was used as a framework for the applied theory during the project and
the Interview Theory was used to prepare the conducted interviews.

3.1.1 Design Research Methodology

The project was a qualitative study, employing interviews, observations, and liter-
ature reviews which was conducted to gather more in-depth information regarding
the current state, concepts, and expectations [37]. Design Research Methodology
(DRM) provided that framework to gather information from the system, lifecycle,
and knowledge from the stakeholders about the current state and goals/expectations
to fulfill the need. To understand and improve the product through knowledge and
support [38].

The DRM’s objectives are to provide a framework and guidelines to support each
researcher’s unique process to create a more rigorous and more reliable project
[38]. Blessing and Chakrabarti [38] clarify 4 different stages to approach a research
project, Research Clarification, Descriptive Study I, Prescriptive Study, and De-
scriptive Study II. The authors describe the importance of iterations between the
different stages to execute a project of higher quality [38]. Actions, outcomes, and
the different stages are visualized in Figure 3.1.

The first step, Research Clarification aims at defining realistic research problems and
goals based on the findings from literature analysis and descriptions of existing and
future scenarios [38]. The second step, Descriptive Study I, refines the researcher’s
understanding of the current situation by completing a detailed literature analysis
and complementing that information with an empirical data analysis [38]. After
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obtaining enough information, the following step, Prescriptive Study, continues the
process where the researchers decide the focus areas based on the gained information
from previous steps [38]. Lastly, Blessing and Chakrabarti [38] describes the final
step, Descriptive Study II, as the second study where the research is evaluated to
investigate the usefulness based on earlier established goals, success criteria, and

user agreement.
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Figure 3.1: The four stages of DRM, interpreted from Blessing and Chakrabarti
[38]

Beyond the iteration ability of the framework, Blessing and Chakrabarti [38] derive
different types of suggestions on how to conduct the research. As previously men-
tioned, DRM is a framework that can be adapted to each specific research project,
hence Blessing and Chakrabarti [38] provides a selection of seven types of research.
The division between the types of design research is based on three studies, Review-
based, Comprehensive, and Initial. The Review-based study is based only on the
literature, the Comprehensive study includes a literature review in addition to an
empirical study for further development [38]. The Initial study involves the first
steps of the chosen stage by presenting the result and consequences of the study
together with preparing the results for usage by others to close the project [38].

3.1.2 Interview Theory

The creation of the semi-structured interview questions followed the framework es-
tablished by Kallio et al. [39] to ensure quality. The framework is divided into 5
phases which can be seen below:

Identification of prerequisites for using semi-structured interviews.
Retrieving and using previous knowledge.

Formulating the preliminary semi-structured interview guide.
Pilot testing of the interview guide.

Presenting the complete interview guide.

CU W=
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The first phase aims to ensure that semi-structured interviews are the correct way to
answer the selected research questions. Semi-structured interviews are appropriate
when studying people’s perceptions, opinions, or emotionally sensitive issues [40].
Additionally, it allows for customization according to the interviewee and allows the
interview to focus on subjects important to the interviewee [39].

The second phase focuses on retrieving and using previous knowledge. During this
phase, the goal is to gain background knowledge about the subject by reviewing
existing literature [40]. To complement the literature review, empirical data will
also be collected by consulting experts and inviting experts to seminars [41].

The third phase is about formulating the preliminary semi-structured interview
guide. The interview guide includes a list of questions regarding topics around the
research questions which are formulated based on previous knowledge [41]. Semi-
structured interviews are seen as flexible and hold the ability to adapt to the inter-
viewee, by reordering questions or involving supplementary questions which can be
pre-designed or spontaneously phrased. The questions must be non-leading, open-
ended, and clear-worded with the interviewee in focus [39]. During the creation of
questions, the phrasing is key, typical close-ended questions usually start with verbs
while open-ended questions start with words like the five W’s which are What, Why,
Who, Where, and when [42].

The fourth phase of the framework aims to test the semi-structured interview guide.
This is done to ensure the quality of the guide and make sure that the questions are of
relevance and cover a sufficient amount of ground. Several different methods can do
testing some examples are internal testing, expert assessment, and field testing [39].
This allows for a deeper understanding of the preliminary guide and can improve
the guide and find flaws [39]. The last phase of the framework is to present the
complete interview guide and use it in real scenarios [39].

3.2 Applied Method

Based on the type of research within the DRM framework, the project approach
started with a pre-study with seminars and observations to understand the goal, aim,
and scope of the project from the company’s perspective. In parallel, a literature
review was conducted to supplement the company information. After the conclusion
of the scope, goals, and success criteria, semi-constructed interviews were organized
and held with accurate stakeholders for an elaborate understanding of the needs
and objectives of the research. Based on the gathered requirements and desired
solution, a foundation was developed describing different ways of working to connect
3D resource models to process structure. The procedure was evaluated to control
usefulness levels and improvement potentials. Where the final step was to update the
evaluated synthesis and reflect on its value and achievability. Figure 3.2 presents
the interpreted connection between the DRM methodology and how this project
unfolded. The following sections describe the project methodology in more detail.
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Figure 3.2: Project methodology based on the DRM methodology

3.2.1 Seminars and Literature Review

Connected to Blessing and Chakrabarti [38] the first stage of DRM, Research Clari-
fication, a pre-study was completed through seminars, observations, and a literature
review. The collected information was a baseline reading of the issue at hand and
provided what outputs the stakeholders wanted. Moreover, the gained knowledge
helped to clarify and determine the research areas and their relevance and contribu-
tion. According to Blessing and Chakrabarti [38], the main source of information is
through literature, however, seminars and observations were used in addition. These
methods were utilized to ensure the deliverables of current understanding and ex-
pectations and overall research plan, of the Research Clarification stage, were met.

Firstly, meetings of seminar type with first-tier stakeholders were utilized to unfold
the current issues and problems with how documents are handled through the pro-
cess flow, inspections, etc. The seminars helped with understanding the problem
at hand and clarifying the needs, objectives, and expectations to meet stakeholder
requirements and ensure a successful thesis. Additionally, to pinpoint key individu-
als for consultation, either due to their contributions or potential impact from the
project in the future. Therefore, to improve the background knowledge, understand-
ing, and expectations, seminars were conducted where scope topics and questions
were discussed with the stakeholders.

In parallel to the seminar-type meetings for understanding, literature reviews were
conducted to further apprehend the topic areas, frame the research, and create a
plan. Furthermore, this helped to connect academia to industry and investigate
old research within similar areas for verifying the project’s contribution, relevance,
and qualification [38]. However, the literature process was a continuous process
throughout the project to support assumptions and hypotheses to have a stronger
backbone to the reasoning and level of understanding [38].
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Used literature throughout the project was gathered through different sources. The
main sources of the literature search were conducted through Google Scholar and
Chalmers Library. Used and combined search words that were employed throughout
the project were:

e Product Lifecycle Management o Virtual commissioning
o Cross-functional » Methodology

o Automotive industry o Change management
o Virtual development o Traceability

o Virtual verification » Visualization

3.2.2 Interviews

After gathering information about the current situation and research, a qualita-
tive approach with semi-structured interviews was conducted to provide details and
a basis for further development abilities. This step is connected to Blessing and
Chakrabarti [38], the second stage of Descriptive Study 1. All the interviews were
recorded and later transcribed for better understanding. The chosen qualitative
approach was due to the need to gain data before formulating hypotheses used to
develop theories [38]. The structured and prepared questions together with the un-
structured and sudden questions provided meaningful input and stimulated deeper
conversations with new ideas [43] [39].

The purpose of the Descriptive Stage I according to Blessing and Chakrabarti [38]
was to understand the existing situation and problems, and be able to connect
that to the research topic. Moreover, based on the current situation to have clear
argumentation for improvements of the most suitable factors including support im-
plications [38]. To succeed with the interviews, predefined knowledge was required
from literature and seminars to have a grasp of the subject and acquire a research
plan [38], [39]. Additionally, success criteria were decided to judge the outcome of
the project measurably. Since the chosen empirical study was interviews, an inter-
view guide was formulated, presented in Appendix A, with main subject questions
and follow-up questions [43], [39]. The interview got deeper into areas that need
extra attention or are important to the interviewee. With the necessary material
gathered, semi-structured interviews were held to collect data, after which the re-
sults were processed, analyzed, and interpreted [38], [39].

Qualitative research provided the depth needed to understand the challenges related
to the model connection to the Process and Inspection Instruction (PII) in the Bill
of Process (BOP). This depth of understanding enabled us to grasp the structure
and scope of the issue and to formulate a theory based on various viewpoints [37].
Since the previously mentioned instructions and process descriptions are used across
different departments in the company, several stakeholders were interviewed. De-
tails about these stakeholders can be found in Table 3.1. The chosen departments
which the stakeholders are a part of and why these were chosen are as follows.

17



3. Methods

Manufacturing Engineering Commodity: The Commodity team is re-
sponsible for preparing products from Engineering for the Plant, and their
role in creating PIIs makes them interesting candidates for interviews.

Manufacturing Engineering Digital: The Digital team works with digital
strategies within ME, including the developing responsibility of the PII solu-
tion in TC PLM which makes them interesting candidates for interviews.

Plant: The Plants are the customers of the PIIs, to understand their needs and
requirements regarding what the connection between the 3D resource models
and PII will do for them, they were selected as interview candidates.

Manufacturing Engineering Industrialization: The Industrialization team
works by verifying the process and product solution, validating that the phys-
ical product can be built according to the PII description. They are valuable
candidates to interview to obtain their insights into the PII content for down-
stream users.

Digital Engineering: The Digital Engineering team works within I'T and
can give accurate descriptions of present possibilities with current solutions
and possibilities for the future, and future PLM systems which is why they
are valuable stakeholders to interview.

Table 3.1: Information about the stakeholder interviews
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Interviewee Department
M1 Mamifacturing Engineering (Commodity)
M2 Mamufacturing Engineering (Commodity)
M3 Mamufacturing Engineering (Commodity)
M4 Mamufacturing Engineering (Commodity)
M35 Mamufacturing Engineering (Commodity)
M6 Mamufacturing Engineering (Commodity)
M7 Mamufacturing Engineering (Commodity)
M8 Mamufacturing Engineering (Commodity)
D1 Manufacturing Engineering (Digital)
D2 Mamufacturing Engineering (Digital)
P1 Plant
P2 Plant
I1 Manufacturing Engineering (Industrialization)
IT1 Digital Engineering (IT)
IT2 Digital Engineering (IT)
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3.2.3 Development of Method Foundation

Based on the analysis of the interviews, a synthesis with an associated recommen-
dation was developed. During the project phase, this is connected to Blessing and
Chakrabarti’s [38] third stage, Prescriptive Study. The deliverables of the Prescrip-
tive Study stage are documentation of the intended and actual support, results of
support evaluation and outline evaluation plan [38].

Since the development of the support, which in this study was a synthesis with an
associated recommendation, was based on the stakeholder interviews and existing
programs, the type of Prescriptive Study stage is Review-based [38]. The first step
of this stage was to collect all the earlier results to ensure task clarification with
the specifications of the problem and requirements [38]. After the gathering, the
concept was developed and given the overall shape, which insinuates to fulfill the
need by synthesizing potential solutions [38]. Lastly, the details were finalized to the
plans and models, the impact was assessed to reflect over limitations and features.

3.2.4 Evaluation

Before its presentation, the synthesis and recommendations underwent an initial
evaluation to ensure its usefulness, correctness, and potential. The evaluation was
initially to get an indication of the support because of the lack of user usage since
the recommendations will not be physically implemented, which is one of the de-
limitations. According to Blessing and Chakrabarti [38], the evaluation is to some
extent connected to the previously mentioned Prescriptive Study stage and mostly
connected to the last stage Descriptive Study II. In the Prescriptive Study stage, the
actual support is evaluated for completeness and requirement verification to outline
an evaluation plan [38]. After the plan’s conclusion, new interviews with the main
stakeholders were conducted to determine usefulness, impact, and improvement ar-
eas additionally, to validate the implementation possibility and value bringing. In
parallel, evaluating with literature, opting to connect and discuss the different syn-
thesis solutions with academia. These steps are connected to Descriptive Study II,
however, not in a systematic way but as Blessing and Chakrabarti [38] describes it,
it is an iteration process with many steps occurring in parallel.

After the conclusion from the evaluations was drawn, the recommendations was
updated, resulting in going back to the Prescriptive Study stage to round off the
research [38]. An initial Prescriptive Study was conducted to improve the synthesis
and recommendation based on gathered evaluation knowledge, connected to showing
the consequences of the evaluation outcome on the support and impact model ac-
cording to Blessing and Chakrabarti [38]. This was the final delivery to the company
to end the project and present the outcome together with the value brought.

3.2.4.1 Other Evaluation Deliverables

In addition, to the evaluation of usefulness, the framework’s potential, and value,
it is important to investigate the ethical aspect and impact of the suggestion. The
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DRM framework provides an evaluation of the design, and framework to fulfill the
perceived needs [38]. But beyond the design usefulness, it is today very important
to control the sustainability impact, precisely the people, planet, and profit aspects.
Hence, the developed framework was examined against the ethical aspect and the
people that will be affected by it.

As part of validating the engineering design method, the research quality was dis-
cussed during the thesis’s final stages. To ensure the rigorousness of the research,
the method used will be discussed covering the core method construct of theoretical
structure and performance and empirical structure and performance [44].

3.3 Stakeholder Analysis

Stakeholder analysis was an important method used to assess stakeholder’s expecta-
tions, interests, and potential impact involving the project. It involved identifying
key stakeholders, mapping their needs, and finding strategies to keep them engaged
throughout the project and to deliver a good result[45], [46]. The stakeholder analy-
sis began with identifying both key groups and individuals with a stake in or affected
by the project. Stakeholders were then prioritized based on their level of interest and
power to influence in a Power-Interest Grid seen in Figure 3.3 [47]. Understanding
their objectives and concerns was crucial to help evaluate their potential impact on
the project [45].
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Figure 3.3: Power-Interest Grid interpreted from Olander and Landin [47]

Visualizing stakeholder relationships helped identify collaboration opportunities, po-
tential conflicts of interest, and root causes of problems. These insights helped
with tailoring engagement strategies to each stakeholder group. Regular follow-ups
with stakeholders ensure engagement and high-quality results. Overall, stakeholder
analysis is essential for ensuring project success, mitigating risks, and managing
relationships [45], [48].
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Results

This chapter provides details about how the current work is completed at the company
in question, in section Current State. Additionally, the results and core findings
from the conducted interviews will be presented in section Interview Results. Lastly,
the Stakeholder Analysis will present the result of stakeholder involvement in the
project.

4.1 Current State

Based on the seminar-type meetings and interviews, the current work processes at
the case company were interpreted. Including their procedure, stages, and informa-
tion inclusion in their processes and instructions. Additionally, the procedure of new
resources and what requirements are desired currently. The subsequent subsections
will provide a more detailed description of the current state.

4.1.1 Work Process

The information regarding the product build is structured and saved in multiple
different tree structures. These process structures withhold information about the
parts consumed and tools used together with the process steps for assembly, namely
Engineering Bill of Material (E-BOM), Product Bill of Process (PR-BOP), Bill of
Equipment (BOE), and Plant Bill of Process (PL-BOP). The E-BOM contains all
the part models for the product and is divided based on the commodities in Engineer-
ing, hence divided between part groups such as cables for example. The PR-BOP
on the other hand is divided into function groups and their containing products, for
example, the door. All information from the E-BOM is also placed in the PR-BOP
structure with additional information about the operations and equipment if exist-
ing. From the PR-BOP, the information is sequenced according to the assembly
flow in the factories in the PL-BOP. The way of working with the information flow
of the products and processes is illustrated in Figure 4.1.

After Engineering has released the articles in the E-BOM, Manufacturing Engineer-
ing (ME) starts their work of connecting the product to the existing processes at
their factories or developing a concept product and process solution stored as a
PII in the PR-BOP. This work process is called DPA5, where continuous work is
conducted to verify the product from a manufacturing point of view together with
verifying the manufacturing processes and facilities and is accomplished virtually.
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During this project, ME has different process steps or phases before the comple-
tion representing different maturity levels. Completion of these phases is presented
through Virtual Build Events (VBE) using the PIIs. These are conducted after
DPAS5-checks that have the purpose of verifying that the product can be produced
in the intended manufacturing facility within the requirements.

E-BOM PR-BOP PL-BOP

. o ! BOE

AR Eng_lr]eenr_\g Processes with Plis’ from the PR-BOP

Products divided into . Resource number used
products in group moved to the correct

{ex. door) building sequence

commaodities in the Pl

(ex. cables)

Pll
Created in the PR-BOP
structure

Figure 4.1: Way of working with the current documentation of the products,
resources, and processes

During the previously mentioned phases, the PIIs are created and updated continu-
ously. The first draft of the PII is basic and does not yet take into consideration all
requirements since these are not yet developed. As soon as more robust requirements
are available the Plls are updated and improved as seen in Figure 4.2. The PIIs
are continually updated and finalized until they reach the required maturity level
for a handover to the factory. However, before the PII is ready for a final handover,
the factory should first be able to do rough balancing and later on station-level bal-
ancing based on the PII. It is today established that there will be a system change,
moving from a legacy database to a newer and updated one seen in Figure 4.3. The
plan is to move the creation of PIIs to the new system in 2025.

Design based on
new requirements

Initial

Planning :
Changes

Pll
creation

Deployment :

Evaluation

Figure 4.2: Generalized procedure to create the Plls
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Figure 4.3: System change, moving from KDP to TC PLM

The PII solution that is in place today will probably remain for a couple of years.
The ambition is to start working with all new car projects in TC PLM as soon as
it is mature enough. It is timely and costly to move projects from one Product
Lifecycle Management (PLM) system to another. This is why projects that are only
iterated will most likely stay in TC Classic, however, projects where the process
starts from the beginning will be started up in TC PLM. Several projects still
need multiple iterations, meaning full migration to TC PLM will take several years
without additional investment. This is where an interim solution can be of great
value since it ensures a more seamless transition from TC Classic to TC PLM due
to similar working approaches.

4.1.2 Process and Inspection Instruction

As previously mentioned, the Process and Inspection Instructions (PIIs) are cre-
ated by the ME department, these documents are delivered to the Plant to have
instructions on the processes for planning and balancing the flow. Hence, Plls is an
agreement between involved parties on how to assemble and control a component
but MEs are the owners, Engineering is the buyer, and the factories are the cus-
tomers of the PllIs.

The PR-BOP is currently structured by having the PIIs as the carrier of information,
as generalized illustrated in Figure 4.4. Hence, today the mindset revolves around
the PIIs where the operations and parts are consumed into the correct PII. Addi-
tional information such as resources used is also added to the PII in the PR-BOP
structure. However, a drawing number of the resources with the requirements are
currently added to the PII but no 3D model is yet connected. It results in there not
being a 3D model connected in the tree structure as for the parts, only requirements
are connected.
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The PIIs are created in Teamcenter (TC) Classic and automatically uploaded to
a custom web-based platform called TC Web Search where the plants view the
information. From there, PII documents, as exemplified in Appendix B, can be
downloaded. The document describes all needed information to be able to perform
the assembly and control operations for a component to fulfill the quality, efficiency,
ergonomic, and functional requirements. The description includes information about
the process, mainly information about the operation, structure, tools/resources, and
revision control is covered. Additionally, details about the PL-BOP and PR-BOP
are included to differentiate the factories and to specify where it is valid and what
articles are designated for it. Lastly, tracking of changes is noted for transparency
and traceability.

i
i“

Operation 1

Part 1

Part 2

Operation 2

— {5
—el

Figure 4.4: A generalized PR-BOP structure regarding the current way of working
at ME Final Assembly

The operation section covers the sequence with instructions of the process. The
structure involves what materials together with how many and the article numbers
are linked to consumed articles visualized by 3D models. The tool field contains the
resource numbers with what operation it is used in together with the specification
of it. However, the resource numbers are added manually, meaning that they are
not connected to the BOE in the same way articles are linked to the BOM, even
with an existing BOE with correctly positioned resources to the material being
assembled. Instead, illustrative instruction pictures of the 3D-modelled resources
should be added to a PowerPoint and saved to a PDF which are uploaded as an
attachment to the PII together with other analysis documents.
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PIlIs are abstract and present the process methods, tools, and instructions, shop
engineers translate them to plant operations specific for each plant for the operators
to use. Even with the same PlIs for the process assembly, the shop engineers at
each plant can interpret them differently which is a problem. Consequently, the
operation for the same PII can differ between the plants, suggesting different effi-
ciency, ergonomic prerequisites, and functional requirements for each plant. Some
differences are bound to happen due to the factory layout, preconditions, and tact
time, however, with the generic operations, it should be a collaboration between the
different factories to ensure the best methods are used.

4.1.3 Equipment Card

Equipment Cards (EC) are orders to the tooling department from ME, according to
plan for new resources to ensure the assembly of the car. With that being defined,
if the belief is that already existing tools at the factories can be used for the new
or updated car model, no EC is created or sent to tooling for further investigation.
These orders enlist what is needed for what part together with requirements for the
operation and tool to ensure process and tool reliability. However, to further work
with digitalization with larger possibilities for visualization and traceability, there
is a need to require more 3D models with correct positioning as well. Otherwise,
the resource delivery should not fulfill the requirement specification, an indication a
delivery is not finished and complete. However, when there are 3D models included,
they are not released until later on in the process, often when the developed model
is in production because that is when they are verified and approved.

As an increased usage of digital models for verification before developing physical
products, to both virtually test the commissioning together with verifying the us-
ability of manual tools with the articles. However, even with verified and approved
3D models and physical tools, changes are sometimes made to them to fine-tune
their application usage. These modifications made to the physical resources need
to be updated in the virtual models as well, reasoning that the resources can be
reused again. It is difficult today to ensure that the virtual models are correct and
accurate.

4.2 Interview Results

The chosen qualitative research method resulted in semi-structured interviews with
different departments to understand their needs and specifications for this project’s
scope. The results from these interviews are presented in the following subsections
divided up between the departments the interviewee belongs to, the division is pre-
sented in Table 3.1.

4.2.1 Manufacturing Engineering Commodity

Multiple recipients from the interviews conducted were within the ME department.
To clarify the results, the interview data is divided into five themes which are:
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Earlier Evaluation Possibilities, How to Work With and Connect Resources, In-
terim Solution in Teamcenter Classic, Plan and Potential for Teamcenter PLM, and
Consequences of Not Connecting the Resources to the Process Structure presented
below.

4.2.1.1 Earlier Evaluation Possibilities

With the connection ability between the BOE and PII in both PLM system and
the tooling section in the PII report, it was described that it would save daily work
time for the responsible employees. However, with it being a possibility that will
be valuable for all involved parties, it was explained that the BOE resources must
be positioned correctly and updated with every new release to ensure the validity
of the models.

As the PlIs are delivered to the factory to create more thorough instructions for the
operators, it was described that the earlier the resource 3D models were added to the
PIIs the better evaluation and suggestions from the factory departments could be
delivered. An earlier description and understanding of the newly developed products
and processes from the plant departments will consequently improve ME’s work with
better preparation and planning of their work.

4.2.1.2 How to Work With and Connect Resources

Value is generated across various departments when connecting the BOE to the
PIIs. It has been expressed by multiple interviewees that it is important to connect
all the tools needed for all the different PIls. Together with this, the concern of fil-
tration was raised, when having a VBE where the product is built in sequence, ME
wants the parts to stay visible but only the tools relevant to the specific operation
should be visible otherwise they will be in the way. Another wish was to be able
to filtrate special tools that are not among the standard ones available in the factory.

A concern raised during the interviews was the time issue during the VBE, due to
the lack of filtration of only the resources. The VBE’s of building the product in
sequence are already time-consuming events. Hence, adding resources with a lack
of filtration and added description time, it was explained that it will add more time
for all parties involved.

4.2.1.3 Interim Solution in Teamcenter Classic

The problems with BOE and the PIIs not being connected have been established
for some time. As described by multiple interviewees, it is unknown when exactly
the company will shift over to their new platform of TC PLM which is why it is
important to try to find a solution that can solve the problem with the current
software and resources available today. It is a possibility that some projects and
products are stuck in TC Classic for many years looking forward which is also why
the company still needs to solve the problem in TC Classic. Moreover, to work with
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the legacy data in the best possible way until the move and integration to the new
system is completed.

4.2.1.4 Plan and Potential for Teamcenter PLM

TC PLM is at the time of writing immature however based on the current state it
will be possible to connect BOE to the Plls, there are some technical constraints
with the Computer Aided Design (CAD) models but it is still under development.
The full-scale release of TC PLM is not fully set, but the preliminary plan is to start
using it during 2025. TC PLM will be focused mainly on the next generation of cars
in development. The setup will be different than what is suggested in TC Classic.
In TC Classic, the articles are connected to the PllIs, and the resource drawing
numbers are written manually into the PlIs, creating a PR-BOP where the product
and process can be seen. In TC PLM the PllIs will be created with all information
in the PR-BOP as of today but will not as described by the interviewee include any
tools. The resources will be connected in the following stage when a PL-BOP is
created which is structured in the assembly sequence. With this solution, filtration
options will be possible. Additionally, when all resources are connected to the Plls
it gives a usage overview of where all the tools and equipment from the factory are.

4.2.1.5 Consequences of Not Connecting the Resources to the Process
Structure

Not connecting the BOE to the PIIs has both long and short-term consequences.
In the short term, Final Assembly (FA) will continue to not have an overview of its
tools, equipment, and fixtures. The Plls delivered downstream will still be lacking
information and they will be forced to call around different departments to try and
find different solutions. Additionally, the downstream users will be hindered in their
verification work. Long-term, the case company will not meet its speed-to-market
goals due to a lot of waste around the existing PIIs.

If the connection is unsuccessful between the BOE and PII, the interviewees de-
scribed one of the risks being that the 3D models are not being updated or even
created for resources. Further describing that with no incitement, no need or seeing
the updating as waste that no one will use, the updating of virtual models after phys-
ical modifications of the resources due to different reasons will be forgotten. Hence,
the connection and usage of 3D models with the PllIs are of utmost importance to
not risk them being obsolete or even not desired.

4.2.2 Manufacturing Engineering Digital

Two main themes were extracted from the ME Digital Interviews: Difficulties of
Connecting Resources to the Process Structure, and Working in Teamcenter Classic
and Teamcenter PLM.
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4.2.2.1 Difficulties of Connecting Resources to the Process Structure

Resources are at the moment not connected correctly or not connected at all which
makes it difficult when you open PIIs since the resources and parts are in different
locations. Correct placement of resources could enhance visualization, providing a
clear depiction of how resources are positioned around the car. If the resources are
not placed in the PIIs as a 3D model they need to be searched for which takes valu-
able engineering time. During the interview it was shown possible to place resources
in the correct position however certain resources such as screwdrivers do not have a
specific place and will perhaps be placed more freely.

Furthermore, connecting resources to the PIIs can pose challenges during the sequen-
tial assembly process in TC Classic. As parts are added to the car, the associated
resources automatically follow, eventually covering the car entirely. This makes it
necessary to develop a filtering mechanism to manage this issue. The problem arises
because the PlIs only contain parts and products specific to each operation, lacking
connections to previous steps.

4.2.2.2 Working in Teamcenter Classic and Teamcenter PLM

The existing PII solution was created several years ago. At that time, ME Digital
gathered input from employees who worked with PIlIs, which resulted in a solution
similar to the previous one but still missing some crucial elements. With the release
of TC PLM, ME Digital aims to create a significantly improved solution that ad-
dresses the needs of all stakeholders, rather than replicating past solutions.

The transition to TC PLM, a web-based platform will facilitate remote work since
it was described that the current limitation of optimal performance of TC Classic
is primarily at the office but is still very slow then. Being web-based also makes
it easier to run TC PLM on computers with worse hardware and lesser computer
power. However, with today’s setup, there is no need to move CAD data from TC
Classic to TC PLM the preliminary plan is to keep all CAD data in TC Classic.

4.2.3 Plant

Two main themes were extracted from the Plant interviews these were the following:
Visualization of Resources in the Process Structure and Earlier Change Possibilities.

4.2.3.1 Visualization of Resources in the Process Structure

Plant Launch put a lot of emphasis on the visualizing concern regarding the PlIIs
desiring that more resource models or pictures were available for better understand-
ing and preparation for future plans. With this desire in mind, the interviewees put
the most emphasis on visualizing newly developed or more complex tools. With
ordinary tools, such as screwdrivers or hammers, it was described that they did
not need to be visualized. Although, if 3D models are used they need to under-
stand how to use them to pick the information they want. Moreover, as previously
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mentioned, to be prepared even more with both operator training and production
changes. Where earlier releases make it simpler for them, even old information is
better than none. Hence, working in process models of resources informs them more
than no information to have the changeability that they want. Although it is outside
the scope of the project, it is worth mentioning that it was described that the PIIs
are complicated to understand and that comprehension of them takes training.

4.2.3.2 Earlier Change Possibilities

To improve both the product for the customers and the work environment for the
operators, Plant Launch wants to be included as much as possible to provide nec-
essary changes. The employees participate in the VBE, however, a concern was
raised regarding the limited visualization of the articles, sometimes only with pic-
tures in a PowerPoint and not as a 3D model. To improve understanding of operator
access and installation, there’s a proposal to incorporate a more comprehensive en-
vironment around the article. This would include resources used, potentially using
a human model, and indicating the assembly location within the car, highlighting
any obstacles between the operator and the assembly process. By enhancing the
presentation of the articles, resources, and process, the response from the other
departments involved will be better.

4.2.4 Manufacturing Engineering Industrialization

Two main themes were extracted from the ME Industrialization interview which
were the following: Verification Between 3D Models and Reality and Need for Earlier
Access to Resources.

4.2.4.1 Verification Between 3D Models and Reality

To do the verifications today, ME Industrialization first examines the PII and then
searches for each of the wanted resources in the BOP in TC Classic. If 3D models
or pictures were available in the PIIs or BOP structure, it was explained that the
verification process would be much faster since less time would be spent searching
for the correct tools in TC Classic. It was also expressed that the desire for vir-
tual resource models is of more specialized matter, for example, lifts, fixtures, and
specially developed tools.

4.2.4.2 Need for Earlier Access to Resources

Another theme that was lifted during the interview was the wish to get access to
tools earlier. Today the resources are put into the PII quite late and there is no
visualization of them which is especially important with new or changed tools. If
downstream users got access to some visualization of the tools earlier they could
catch errors earlier in the process. Additionally, it was described that pictures or
3D models added in the PIIs would increase the knowledge and understanding of
the operation, as a supplement to only text instructions. Earlier access together
with connected pictures or 3D models would increase the preparation ability.
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4.2.5 Digital Engineering

During these interviews, a lot of different approaches to solutions were brought up
these were divided into three different themes which were the following: Solving
Connection Issue with Existing Method, Worlds Class Engineering Scope, and Ideal
Solution in Teamcenter PLM.

4.2.5.1 Solving Connection Issue with Existing Method

During the interview and discussing the current problems at hand, Digital Engi-
neering presented an existing method that could be used to solve the problem of
connecting tools to the PIls. The method intended to connect a 3D model of the
resource from the BOE to the PII in the PR-BOP in TC Classic. This could be a
possibility for an interim solution to be used during the migration from TC Classic
to TC PLM. This method, however, does not place the connected tools in the PII
report since they are not consumed items for the assembly, meaning that they are
not used in the assembled product.

Digital Engineering discussed the potential for crafting a tailored solution by modi-
fying the code of TC Classic to suit specific requirements. To integrate 3D resource
models with the customized PII report, the solution needs to be customized again.
While customization offers flexibility, it also poses risks such as compatibility with
future updates. It necessitates the involved departments to review and adjust cus-
tom code in different applications. Despite the drawbacks, customizing applications
internally may be necessary due to the system owner’s broad customer base and
limited capacity for individualized modifications.

4.2.5.2 World Class Engineering Scope

WCE is primarily focused on virtual development which strives towards speed and
flexibility. Virtual development is aimed at CAD and will remain in TC Classic,
regarding virtual development there is a lot of new development together with im-
plementing WCE. The PIIs are under physical development which is outside of the
scope of WCE and will also be moved to TC PLM as mentioned by multiple intervie-
wees. This results in that most of the WCE development will be aimed towards TC
Classic and there will be little to no WCE investments towards TC PLM currently.

4.2.5.3 1Ideal Solution in Teamcenter PLM

The ideal solution that Digital Engineering mentioned regarding connecting tools
to the PlIIs, is in the context of a BOP. In a BOP you need both the parts and
the resources from a BOE which unlocks the possibility of creating a placeholder
that can consume parts and tools to visualize them differently. The reason it is so
difficult to retrieve the right PII solution from the TC developers is that much of
the PII solution today is custom for the company.
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4.3 Major Findings
This section will present a summary, key points, and takeaways from the interviews.

Resources

o All resources that are impacting the operation should be connected to the
buildable process structure.

o When building the car in sequence the parts of the car should stay visible after
opening however only the resources that are connected to the latest operation
should be visible.

o There should be a filter available that can show only the new resources for the
specific car.

o Resources should be positioned correctly from the start relative to the car.

e Resources should be connected already when an EC is created for them to be
able to follow the build progress and also give earlier access.

Time saving
o Connecting BOE to PIIs saves lots of time by collecting all the information in
the same place.
o Less time will be spent on information searching for resources.

Earlier connection of the resources to the process structure
o Connect resources when EC is created for them.
o Earlier connections allow the downstream users of the PIIs such as Industri-
alization and Plant Launch to become more prepared.
o Earlier connections help with the verification of resources.
« Earlier connection helps with control checks.

Visualization
« Having 3D models of resources allows for visualization allowing people from
the plant to see exactly how the new resources look.
o Having 3D models connected correctly also helps the VBEs by making them
clearer and easier to digest.
» Visualization can also down the line help with educating operators.

Verification
e 3D models are used for planning, analysis and to give information that new
resources are the way they were ordered.
» Virtual verification with everything connected before physical implementation
for a faster and more thorough process.

TC Classic
o Current PII solutions were developed long ago, making them outdated.
e In TC Classic, connected BOE shows up under the article structure and there
is no way of connecting it to the tooling field in the PII report.
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o TC Classic relies on lots of custom code, especially regarding the PII solution
that is in place today.

e The problem can be solved by writing more custom code however this causes
further complications and it is uncertain if I'T sees it as worthwhile.

TC PLM
« TC PLM is a clean slate allowing for improvements from the current way of
working.
o With TC PLM the product articles will be connected to the PIIs which are
placed in a PR-BOP in the next step which is the PL-BOP resources will also
be connected to the PlIs.

WCE
« WCE is aimed towards virtual development, changing information carriers
from the PIIs to the process structure.
o With WCE, the BOE is connected to the product in a PL-BOP which solves
the connection issues, however, since the Plls are a custom solution it is still
not possible to connect this in any way to the current PIIs.

4.4 Stakeholder Analysis

Figure 4.5 show the project stakeholders grouped into departments and the level
of power and interest they have towards the project. The stakeholders are placed
on the grid based on the conducted interviews where they were analyzed based on
their involvement in the creation, usage, and interest of the PIIs. Additionally,
Chalmers University of Technology was identified as a stakeholder since the project
is conducted as a master’s thesis and supervised by the university. The stakeholder
analysis enhanced the understanding of the interview results.
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Figure 4.5: Power-Interest Grid stakeholders
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Synthesis

This chapter will present ways of working solutions between the Bill of Equipment
(BOE) models and the Bill of Process (BOP) structures. The chapter is divided
into the Interim Solution in Teamcenter Classic for the current setup later present-
ing a solution for working with the World Class Engineering Strategy. Lastly, the
Teamcenter PLM section will describe how the company will work with it in the
future.

5.1 Interim Solution in Teamcenter Classic

As previously described, one of the aims is to provide a framework to succeed with
the current issues and problems regarding the connection of BOE in BOP. Hence, an
interim solution will be presented to work with before continuing to newer and more
updated systems containing all necessary data. This interim solution is based on
semi-structured interviews with responsible stakeholders and evaluation interviews
for improvement suggestions of the framework.

During the interviews, a solution for this problem was presented by an already
existing method to assign a resource from BOE to the operations in TC Classic.
However, this is not a fixed solution as it is not possible to connect the BOE articles
to the tooling field in the PII report, Appendix B. During the evaluation of the
method testing, it was discussed that a new pilot project of having the Equipment
Cards (EC) cards in Teamcenter (TC) Classic was recently introduced. This opens a
possibility of connecting work models to the PIIs as well before having the finalized
models in the BOE, utilizing better planning. The interim solution will therefore
be to connect both finalized models and work models to the PIIs in the PR-BOP
structure, way of working with the interim solution is illustrated in Figure 5.2. Fig-
ure 5.1a shows how the PIIs look currently with no 3D resource models connected,
Figure 5.1b shows the placement of 3D resource models connected to the process
structure in TC Classic. However, the wish of having the models linked to the PII
report, Appendix B, can not be fulfilled due to the custom PII solution, and only
parts consumed in the production can be linked.
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Figure 5.1: A generalized PR-BOP structure with the current and new way of
working at ME Final Assembly
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Figure 5.2: Interim solution with connecting the resource model and/or working
model from the EC-card

Advantages
o Existing method
o Resources are placed in the BOP structure
o Resources, products, and processes are connected
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Disadvantages
o Filtration lacking
« Difficult to do positioning
o Changing the way of working

As mentioned, the proposed method already exists, providing an advantage with
existing documentation and instructions. Resources will be placed in the BOP
structure ensuring connection between resources, products, and processes enhancing
traceability. The disadvantages are the need to change the way of working in an
aging system. Additionally, there is no way to effectively filter connected resources
or change their position. This leads to overlooking the interim solution since it does
not solve any of the major challenges.

5.2 World Class Engineering Strategy

As previously mentioned, the case company is today working in multiple different
systems regarding their products and processes documentation. The far future solu-
tion is to have everything unified in the same system while the close future solutions
are meant to be only two systems. One for the engineering part and one for the
manufacturing preparation part, visualized in Figure 5.3. The system for the en-
gineering parts containing Computer Aided Design (CAD) data is TC Classic and
the other system for manufacturing preparation containing part information is TC
PLM. Hence, everything connected to the virtual development will be in TC Clas-
sic and the information connected to the physical parts will be in TC PLM. The
information in the different systems needs to be transferred and connected correctly
which is an aspect to take into consideration. Moreover, World Class Engineering
(WCE), the digital strategy describing future ways of working, is with this division
of the systems included in TC Classic.
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Figure 5.3: Fictional future way of working between TC Classic and TC PLM

It was explained that the way of working with the different process structures will
change by working according to the WCE strategy. Instead of having the PlIls as
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the information container, it will be the structure that is the information container,
illustrated in Figure 5.4. Instead of consuming the parts and models into the PII
which is in a BOP structure, the parts and models will be consumed into the BOP
which will be structured differently. Therefore, the way of creating and delivering
PIIs with the WCE way of working needs to be further evaluated.

rces

Coordinate
Systemn

i

Operation 3

— =
Figure 5.4: The BOP structure when working with WCE

The Engineering Bill of Material (E-BOM) will contain the parts from Engineering
as beforehand and the Manufacturing Bill of Material (M-BOM) will be equivalent
to the current PR-BOP. But as mentioned above, the parts will be the structure
instead of having the PIIs as the structure. In the BOP, the articles with 3D models
from the M-BOM and BOE will be connected to the operations. The connection
between the structures is visualized in Figure 5.5. As the WCE strategy puts a
lot of effort into virtual development there will be a generic BOP in addition to
plant-specific BOPs depending on the factory and model. Hence results in a verified
product towards Engineering based on the BOP and a verified functional process in
the BOP structure to the Plants that reflects reality.
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Figure 5.5: Way of working with the different process structures

36



5. Synthesis

In the WCE way of working, the operations are interconnected which differs from
today’s work approach. With the help of TC Classic’s built-in functionality called
PERT, the processes can be sequenced correctly in a user-friendly drag-and-drop
way. By utilizing the tool, every step in the process shows the same state as it is
in the assembly, not only visualizing the parts that should be assembled at that
station. With this feature, it is easy to filter out unwanted parts, resources, and
processes, addressing the current visualization issue effectively.

Advantages
o Makes positioning available
o Enhanced filtration
o Increased visualization, tracking, and correctness
e Structured process with sequence possibilities

Disadvantages
» Changing the way of working
o Different application software
o Transfer the information to another system
« Collaboration across multiple parties can complicate fault investigation.

The listed advantages are more connected to the scope in the way that there are
great possibilities for the way of working with WCE. The advantages are the goals
of why the organization should work towards connection and visualization. The
listed disadvantages of this way of working are more connected to the change and
disruptive work with having two systems instead of one. However, moving from
multiple systems to only two will still create possibilities that were not achievable
beforehand. The collaboration, access, and integration of products and processes
will be improved by working in two common platforms while also reducing the waste
of data searching.

5.3 Teamcenter PLM

The move to TC PLM is planned for 2025 since there are currently technical con-
straints since it is under development. As previously mentioned, the system will
handle the physical parts and resources of the development, hence two systems will
be used, as visualized in Figure 4.3. Even though the main goal is to downsize the
number of systems to one, two is better than multiple as of today. From the inter-
views conducted the way of working will change slightly, connecting the resources
to the PII will be later in the process, illustrated in Figure 5.6. However, the im-
portance of connecting resource models to the Plls for visualization, traceability,
and virtual development, as described during the interviews, is brought on and is a
needed functionality before software implementation.
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Figure 5.6: Way of working with the parts and process documentation structures
in TC PLM

Visualized in Figure 5.7, the PIIs will continue to serve as the primary information
carriers, now also incorporating resources but separated with articles. Each of these
divisions will contain the necessary information for manufacturing as before and 3D
models for visualization. Filtration possibilities are of utmost interest, as expressed
during the interviews and the plan for the new system is to have filtration possibilities
based on whether it is a standard tool or not. Beyond that, only visualizing the
articles and or relevant resources is also included. This solution will solve multiple
different issues and wishes that were brought up by the interviewees’ such as building
the product in sequence but only visualizing the tools from the latest PII.
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Figure 5.7: A generalized PL-BOP structure for the developing TC PLM
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The current PII report accessible via TC Web Search will not integrate with TC
PLM. Nevertheless, plans are to develop a comparable search concept integrated
into TC PLM. Due to the lack of linkage to the resource models in today’s solution,
there must be a linkage to them in the newer version as it is a significant information
source. Utilizing the linkage will allow downstream users to be more prepared and
easily find the correct information.

Advantages
o New canvas for improvement potential
o Resources will be connected to PlIIs
« Filtration possibilities
o Transparency
o Accountability checks
o Web-based

Disadvantages
o Different application software
o Changing the way of working
o Transferring the information to another system

As previously noted, TC PLM offers a fresh start with significant potential. Key ad-
vantages of TC PLM include connecting resources to Plls, enhancing transparency,
and facilitating accountability checks. Additionally, TC PLM addresses current fil-
tering issues and, being web-based will be accessible with lower computing power.
Disadvantages of TC PLM is the need to change to a new software which brings
challenges such as transferring data to the new system and changing the way of
working. The transfer of legacy data into TC PLM and the alignment between the
CAD models and the process structures is posed with technical challenges but it is
still under development, hence there are still great opportunities.

5.4 Recommendations

Based on this synthesis, the recommendation for connecting resources into the pro-
cess structure is to prioritize the WCE methodology in the short term. At the same
time, efforts should be made to develop support within TC PLM, ensuring compat-
ibility with the established WCE approach.

The decision to overlook the interim solution originates from the inefficiency of
repeatedly altering work processes, especially within larger organizations. Given
that the WCE methodology is already being implemented successfully in specific
areas, directing resources towards implementing WCE faster and making it better.
Furthermore, it is better to invest in the future strategy of WCE and to educate
employees on this instead of having a non-complete middle step of an interim solu-
tion.
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To manage the change to WCE effectively, it is recommended to conduct a compre-
hensive pilot. Potential issues can be identified and addressed by transitioning select
employees entirely to the new work methodology before full-scale implementation.
Pilot participants can also serve as advocates for the change, sharing their experi-
ences and insights to facilitate a smoother transition for the rest of the organization.

Moreover, TC PLM’s flexibility as a new canvas allows it to tailor its development
to support the WCE way of working. This ensures a seamless transition from TC
Classic to TC PLM, even if direct data transfer is not feasible, the working method
stays the same. WCE allows for a more user-friendly interface with drag-and-drop
features for resources, solving positioning challenges. Furthermore, leveraging the
PERT functionality addresses filtering issues, promoting enhanced visualization and
progressing towards a more digitalized plant.
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Discussion

This chapter will discuss the project’s result connecting it to the theory used and
previously described. Additionally, the method and quality of the research will be
discussed while ending the chapter by discussing ethical and sustainability aspects
and future research connected to the given project and areas within.

6.1 Value of Connecting

It does not matter which of the proposed solutions will solve it but it is a must
for the company’s digital development. Connecting the resource models from the
Bill of Equipment (BOE) to the process structure, the Bill of Process (BOP), offers
significant value, enhancing transparency by collecting everything within a unified
tree structure. Connecting BOE to the BOP will also make it easier to visualize the
product, resource, and process together, and it will help save a lot of time during
both verification and preparation of the factory for a new product. The different
ways of achieving the connection are not taken into consideration for the value
discussion since the primary focus and root problem is achieving connection.

6.1.1 Transparency

Integrating product and process enhances transparency by having everything in the
same place and altering how stakeholders, locally and suppliers perceive and en-
gage with the product. This connection empowers all stakeholders to get a deeper
knowledge of their part within the broader ecosystem leading to more effective and
understanding collaboration [31]. Centralizing data in a connected system fosters
data democratization and minimizes misunderstandings. Additionally, it opens up
for inviting suppliers into the system enhancing their understanding of their respec-
tive roles.

The connected landscape creates a sense of ownership and responsibility among
stakeholders. It removes silo work and individuals are no longer isolated in their
roles but part of a larger connected system enhancing cross-functional collaboration.
This transparency and change foster a collaborative mindset, where individuals can
see their contribution to the overall success of a product [28].

Moreover, integrating suppliers into this connected system creates a shift in the
mindset of suppliers. By giving suppliers access to see how the whole system is
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built up it enhances their understanding of their role within the project scope. This
not only strengthens supplier relationships but also motivates alignment with the
organization. Suppliers therefore become partners instead of just external entities.

Furthermore, transparency facilitates traceability since everything is in the same
place, providing stakeholders always with the most relevant versions. With trace-
ability double working is decreased which saves lots of resources, and stakeholders
can confidently navigate the product landscape knowing that every part is as up-
dated as possible. While also allowing history traceability in the system to provide
controllability and visibility of the change and development process [8].

6.1.2 Visualization

By integrating and connecting everything to the same platform, the possibility of
streamlining the organization occurs. It opens the capability of visualizing the prod-
uct, resource, and process together, facilitating a better collaboration, verification,
and understanding [19]. Hence, by connecting the product, resource, and process
for visualising, the efficiency and precaution work can be improved while providing
the foundation for further strategies involving digital representations such as digital
plants or digital twins.

Utilizing the intended Product Lifecycle Management (PLM) systems of Teamcen-
ter (TC) Classic and TC PLM to a greater extent with the connection for better
visualization will effectively improve a holistic view and information gain both from
the individuals working with it on a daily basis and user’s downstream [25], as found
during the study. Allowing quality assurance of the process by visualizing it while
also receiving downstream feedback to implement all perspectives to produce the
highest quality process with all included. Additionally, findings proposed virtual
visualization would create perception of the system before physical implementation
allowing an earlier error identification [35].

Earlier visualization creates better verification and controls of resources and prod-
ucts together while integrating improved cross-functional work. Where one common
platform with visualization possibilities creates one single source of truth and inputs
along the information flow can develop to a greater extent. Having the visualiza-
tion as the basis for decision-making, areas of refinement, and control identification
between departments. This collaborative approach eliminates the need for time-
consuming meetings and email chains, accelerating development and reducing time
to market. Allowing a reduction of challenges and miscommunication by having the
priorities and support aligned. Furthermore, the visualization perspective of con-
necting the resources to the process can enhance the progress for future solutions of
virtual verification and build the foundation of digital plants.
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6.1.3 Verification

Verification is crucial for ensuring quality when the product is interconnected with
the BOE. It becomes significantly easier to verify that the tools and equipment de-
livered to the plant match the specifications outlined in the Computer Aided Design
(CAD) drawings making downstream users work a lot more efficient [35]. Since ev-
erything is connected it leads to real-time monitoring and control where changes and
updates can be seen instantly. This integration streamlines verification processes,
minimizes errors, and enhances overall operational effectiveness.

Integrating the process and BOE enables automation in certain areas further driving
efficiency and saving time. Routine tasks such as file management, version control,
and finding the right resources will be eliminated since everything will be in the same
place from the beginning. This frees up valuable human resources to focus on more
value-adding activities, not only reducing the risk of errors and miscommunications
but also ensuring consistency and reliability throughout the entire development [9].
Additionally, connection ensures that all intended parts are accurately included, fur-
ther improving error-proofing and quality assurance.

As mentioned the connection of resources to the process can help with virtual verifi-
cation in the future. Virtual commissioning is one of the concepts that can increase
the speed to market [22]. An extensive part is the creation of virtual models [35],
the already existing and connected products and resources can mitigate the creation
process. This results in shorter commissioning time, cost savings, and allows testing
of different scenario possibilities, enhancing product and process quality.

6.2 Challenges of Connecting

There are challenges to overcome to connect resources to the processes. The interim
solution has been studied due to the technical hindrances if the connection is estab-
lished with the current way of working and setup in TC Classic. Changing the PLM
system to TC PLM still presents technical challenges as presented in section 5.3.
Hence, the primary challenges, independent of the strategy or systems used, are
technical and organizational.

The current way of working in TC Classic lacks filtration and positioning capabili-
ties, posing technical challenges in the existing workflow. Positioning issues can be
addressed by requesting new EC cards or allowing access to positioning for every-
one. Moreover, the World Class Engineering (WCE) strategy in TC Classic offers
a different approach to working that resolves these technical limitations. The chal-
lenges in TC Classic largely stem from organizational and departmental operations
indicating that both internal and external forces still are not strong enough for a
change within Final Assembly (FA).

Associated with the previous is the investment to move forward to TC PLM, a
newer, faster, and cleaner canvas PLM system compared to TC Classic. The far
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future strategy of condensing down the systems used to one PLM system is clear
but the way there is not aligned. There is a need for organizational alignment during
the transition time between TC Classic and TC PLM to improve commitment and
faster advancements. Where the challenges are connected to the way of working
in TC PLM, either continue working as currently or integrate the WCE strategy
way of working from TC Classic into TC PLM. Additionally, as the CAD models
are released in the TC Classic, the procedure further on needs to be established to
improve the transitioning time. Whether the connection issue is solved through TC
PLM or TC Classic with an interim solution to the current way of working or with
WCE does not matter since there is great potential in connecting the BOE to the
BOP. The key is that the organization is in agreement regarding the approach to
solving the connection problem and comprehends its critical aspects for the future,
especially for larger organization [36].

6.3 Consequences of Not Connecting

This section will cover the consequences of failing to establish a virtual connection
between resources and the process structure. It includes the consequences of not
connecting the resources from the BOE to the PllIs in the BOP in TC Classic with
the current way of working and also the consequences of not achieving the connec-
tion into the soon newly implemented TC PLM. The way of working with WCE in
TC Classic is already defined, established, and proven successful in other depart-
ments than FA within ME. Hence, it will not be discussed from the viewpoint of the
consequences of not achieving the connection.

In the existing TC Classic way of working not achieving this connection means the
organization will continue to operate in silos. Different departments will work in-
dependently with little to no cross-functional collaboration, leading to double work
and inefficiencies. This separation worsens communication and collaboration issues
across teams, leading to increased administrative tasks, inefficient information re-
trieval, and a lack of a digital foundation for future developments.

Looking ahead to the TC PLM system, all the consequences from the previous
paragraph remain, and failing to establish this connection poses even greater conse-
quences. In an industry where agility and efficiency are of great importance [4], the
case company could find itself falling behind competitors who have successfully in-
tegrated their processes. Additionally, there will continue to be no effective way for
visualization and traceability. This could lead to slower time-to-market compared
to competitors, decreased adaptability to market change, and ultimately a loss of
competitive advantage.
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6.4 Research Question Answer

The answers to the research questions are based on the results, synthesis, and previ-
ous discussions about connection value, challenges, and consequences if unsuccessful.

6.4.1 Research Question 1

What obstacles exist in linking 3D resource models to the product and process struc-
ture?

o Technical constraint: There are technical constraints regarding the filtering
and positioning of connected resources in TC Classic. Additionally, TC PLM
has technical constraints since it is still in the development phase.

e Organizational challenges: During the study it was entailed that there
were organizational challenges in addition to the technical ones due to differ-
ent ways of working approaches. It is important to make employees aware
of contradictory investments such as WCE and TC PLM to collaborate and
reduce double work effectively. It does not matter which of the strategies the
company is going with, there will be changes to the working approaches within
the organization.

6.4.2 Research Question 2

How can 3D resource models be integrated with product and process structure with
current and future methods?

o TC Classic: In the system, two different work methods can be applied to in-
tegrate 3D resource models to the product and process method. The presented
interim solution resolves the connection in TC Classic while not in TC Web
Search, however with some issues of filtration and positioning hardship. The
WCE strategy also ensures connection in TC Classic and allows for filtering
and positioning, however, it requires a change of work methods within the FA
department.

« TC PLM: TC PLM is still in the development phase, however, the plan is to
integrate the BOE with the BOP. Since there has yet to be a decision regarding
how to address the issue, various approaches can be considered. One approach
involves designing the system to align with the established and proven WCE
way of working. Alternatively, a new methodology could be developed within
TC PLM based on the current methodology in TC Classic.
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6.4.3 Research Question 3

What are the benefits of applying a common connection source, and how does it im-
pact production development?

« Efficiency: Transparency, traceability, and visualization together with cross-
functional collaboration will increase the efficiency and speed to market at the
FA department.

e Quality: Work planning, cross-functional collaboration, and visualization
would increase the quality of the process with indisputably the product. While
also improving the verification and control checks.

6.5 Method Discussion

In evaluating the methodology it is crucial to consider its appropriateness and rele-
vance to the research objectives. The chosen method, Design Research Methodology
(DRM) was deemed suitable for the study as it provided a structured framework
for investigating complex organizational processes and identifying areas for improve-
ment. The iterative nature of DRM allows for continuous refinement of the research
approach based on emerging insights, therefore allowing for more effective and deeper
answers to the research questions [38]. It is worth noting that as mentioned under
delimitations the project outcome was not physically implemented due to time con-
straints and low maturity in TC PLM. Instead, the result was presented to experts
and improved based on their input.

A majority of interviewees were chosen by the case company supervisor which could
introduce some bias into the result. However, interviewees were asked to help identify
further interview subjects to mitigate bias besides conducting a stakeholder analysis.
Additionally, the bias should be reduced due to interviewing various departments.
Preferably more interviews with Industrialization and the Plant department should
have been conducted to increase validity and get a deeper understanding of their
needs regarding PllIs and to evaluate solutions.

It is acknowledged that alternative methods could have been used to get a different
result. For instance, a purely quantitative approach could have provided more sta-
tistical rigor however it may have overlooked some qualitative insights. Similarly,
a purely qualitative approach would have provided deeper information however it
would have lacked the systematic analysis present in DRM.

Throughout the study, a handful of challenges were encountered, primarily related
to data collection. Securing interviews with key stakeholders proved to be time-
consuming and occasionally challenging due to scheduling conflicts and organiza-
tional constraints. Additionally accessing certain documents and tools was restricted
mainly related to TC, limiting the depth of analysis in some areas and forcing the
research to rely on data from interviews. Finally, as there is ongoing internal devel-
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opment for both WCE and TC PLM, the findings are most relevant to the maturity
levels observed at the time of the research and may not reflect the current or future
realities.

6.6 Ethical and Sustainability Aspects

The conducted research has ethical aspects to take into consideration, both regarding
the project’s execution and results. The research basis was the conducted interviews
and the purpose was to understand and propose improvements to the inefficiencies of
current work. Ensuring the interviewees’ anonymity was of importance where only
department belongings have been disclosed to minimize the fallout of this project.

While there was mostly positive feedback regarding the study, problems of why it
should be implemented and challenges of implementing the connection of product
and resource arose. While not identified, the change in the way of working within
larger operations opens the possibilities of a chain reaction where improving one’s
work could increase another one’s workload. Even though not evaluated it can cre-
ate controversial reactions to the suggestions.

The delivered Plls are the basis for the instructions for the assembly operators. It
can be discussed that BOE and PII connection together with earlier collaboration
with PII customers allows a better work environment for the assembly operators.
While also allowing greater use of virtual verification’s to improve physical quality
and minimize scrap.

The project scope and results are connected to multiple sustainability development
goals, as presented in subsection 1.3.1. Multiple of the different connection val-
ues are incorporated into several goals. Improved cross-functional collaboration can
enhance transparency, efficiency, and connection to foster innovation and infras-
tructure aligned with both goal 9 and 17. The integration of resource models and
processes improves the work environment for the engineers with accessible data, vi-
sualization, and traceability which promotes efficient use of resources and reducing
redundant waste aligns with goal 8, 9 and 12. These improvements lay the base
for better virtual development which indirectly in the future minimizes the physical
development to mitigate the environmental impact and improve time-to-market by
enhancing the productivity, aligned with goal 8 and 13.

6.7 Future Development and Improvements

During the thesis project, future areas of development have been identified, both
intersecting with the scope of this study and other interesting areas. Starting with a
future project investigating the differences between the then implemented TC PLM
and TC Classic, examining and evaluating the aspects of the way of working regard-
ing the new and old way. Because TC PLM is not implemented yet, there could
only be discussed how the change will be, making a comparison investigation with
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evaluation and possible improvement areas interesting. The introduction of a new
system is time-consuming, allowing an evaluation during the transition phase.

The customers of the Plls raised awareness of the difficulties interpreting the PlIIs.
An evaluation of how different automotive companies work with similar instructions
could be investigated if possible. In the time of updating the PII creation system,
is an excellent opportunity to change the content and layout of the Plls, ensuring
that they support everyone involved in the best way.

As the process structure is the information carrier instead of the Plls in the WCE
way of working, the creation and delivery of the PIIs were not investigated. The
investigation needs to be performed, where focusing on the process structure in-
stead. Future possible solutions for example automatically generating the Plls as a
delivery should be explored to potentially error-proof the PIIs more while improving
the efficiency and time to market.

It is acknowledged that the company in question is downsizing the number of pro-
grams for a common source, reducing search waste in different platforms, improving
efficiency, and decommissioning old systems. This integration analysis should be
performed, collecting the plan and investigating the necessary steps to enhance the
interaction between the different departments. The main reason is to have the re-
quired organizational alignment and communicate efficiently.
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Conclusion

This chapter presents the project’s conclusions based on the different examined im-
plementations selections.

This project has successfully identified the integration abilities of the virtual re-
source 3D models to the process structures necessary for the company to improve
efficiency, quality, and digital transformation.

The project’s findings conclude that the presented interim solution would help with
planning and performing control checks however it does not help with visualization
or verification due to the filtering issue. There is no way to effectively filter out
wanted tools and resources with that way of working. Additionally, the linkage of
resource models in the PII report in Teamcenter (TC) Web Search was not identi-
fied, affecting the customers of the PlIs.

Investigating the new ways of working with the World Class Engineering (WCE)
strategy revealed that the strategy will solve multiple different current challenges
and issues. The implementation of the WCE way of working together with the
PERT function in TC will solve the filtration issue at hand in the current interim
solution. Hence, the WCE strategy will solve and develop the issues at hand, how-
ever, it needs an organizational change within the department.

The implementation of TC PLM is planned to happen during 2025 but the find-
ings conclude an uncertain time plan. Continuous uncertainties with the system
implementation, way of working, and changes are recurring as it is still in the de-
velopment phase. On the other hand, the distinguished problems and issues today
are established and purposed to be settled.

Lastly, this report describes the current issues and problems while simultaneously
providing a synthesis of how to navigate these problems. The future recommendation
for the case company is to prioritize the way of working to WCE strategy, connecting
the resources to the product and the process in the process structure. Additionally,
employing PERT for accurate sequencing of operations. This solution of connecting
the resources to the process structure with WCE should later be moved to TC PLM
when sufficient maturity is reached. In addition, TC PLM must be tailored to the
WCE way of working and not counteract with WCE as it is the digital strategy for
the case company.

49



7. Conclusion

50



1]

[9]

[10]

[11]

Bibliography

S. Wolff et al., "Transforming automotive companies into sustainability leaders:
A concept for managing current challenges," Journal of Cleaner Production, vol.
276, Dec. 2020, [Online] Available: https://doi.org/10.1016/j.jclepro.
2020.124179.

S. G. Selvakumar, "Electric and Hybrid Vehicles — A Comprehensive Overview,"
in 2021 IEEE 2nd International Conference On Electrical Power and Energy
Systems (ICEPES), MANIT, Bhopal, India, Dec. 2021 pp. 1-6. [Online] Avail-
able: https://doi.org/10.1109/ICEPES52894.2021.9699557.

S. Iyer, '"Top 6 Challenges Faced by the Automotive Indus-
try: The Post-COVID-19 Era," Global Market Insights, Dec. 26,
2022. [Online]  Available: https://www.gminsights.com/blogs/
top-challenges-in-the-automotive-industry-pre-COVID (accessed
on: 2024-01-25).

S. I. Monye et al. "Now and Future Challenges of the Automobile Industry in
the Developing World," E3S Web of Conferences, vol. 430, p. 01221, Oct. 2023.
[Online] Available: https://doi.org/10.1051/e3sconf/202343001221.

S. Wedeniwski, The Mobility Revolution in the Automotive Industry: How not
to miss the digital turnpike, Berlin, Germany:Springer, 2015. [Ebook] Available:
https://doi.org/10.1007/978-3-662-47788-5

M. Placek, (2024) Production of passenger cars worldwide from 1998
to 2022, Statista, https://www.statista.com/statistics/268739/
production-of-passenger-cars-worldwide/

"Suppliers," Volvo Car Corporation, n.d.. [Online] Available: https:
//www.volvocars.com/intl/v/suppliers/responsible-business (accessed
on: 2024-01-22).

A. Saaksvuori, & A. Immonen, Product Lifecycle Management. 3rd ed., Berlin,
Germany: Springer, 2008. [Ebook] Available: http://dx.doi.org/10.1007/
978-3-540-78172-1

J. Stark, Product Lifecycle Management (Volume 1): 21st Century Paradigm
for Product Realisation 4th ed., Cham, Switzerland: Springer, 2020. [Ebook]
Available: https://doi.org/10.1007/978-3-030-28864-8

"What is product lifecycle management (PLM)?," SAP, n.d.. [Online]
Available: https://www.sap.com/products/scm/plm-r-d-engineering/
what-is-product-lifecycle-management.html (accessed on: 2024-01-25).
"What is PLM?," PTC Inc., n.d.. [Online] Available: https://wuw.
arenasolutions.com/what-is-plm/ (accessed on: 2024-01-25).

51


https://doi.org/10.1016/j.jclepro.2020.124179
https://doi.org/10.1016/j.jclepro.2020.124179
https://doi.org/10.1109/ICEPES52894.2021.9699557
https://www.gminsights.com/blogs/top-challenges-in-the-automotive-industry-pre-COVID
https://www.gminsights.com/blogs/top-challenges-in-the-automotive-industry-pre-COVID
https://doi.org/10.1051/e3sconf/202343001221
https://doi.org/10.1007/978-3-662-47788-5
https://www.statista.com/statistics/268739/production-of-passenger-cars-worldwide/
https://www.statista.com/statistics/268739/production-of-passenger-cars-worldwide/
https://www.volvocars.com/intl/v/suppliers/responsible-business
https://www.volvocars.com/intl/v/suppliers/responsible-business
http://dx.doi.org/10.1007/978-3-540-78172-1
http://dx.doi.org/10.1007/978-3-540-78172-1
https://doi.org/10.1007/978-3-030-28864-8
https://www.sap.com/products/scm/plm-r-d-engineering/what-is-product-lifecycle-management.html
https://www.sap.com/products/scm/plm-r-d-engineering/what-is-product-lifecycle-management.html
https://www.arenasolutions.com/what-is-plm/
https://www.arenasolutions.com/what-is-plm/

Bibliography

[12]

[13]

[14]

[15]

[16]

[17]

[19]

[20]

[21]

[22]

[23]

52

T.C. Mallett, "World-Class Engineering: Designing for Quality, Reliability,
Maintenance, and Supply Chain Management Using the Analytic Hierarchy
Process," 2018 IEEE International Conference on Industrial Engineering and
Engineering Management (IEEM), pp. 768-772, Dec. 2018. [Online] Available:
https://doi.org/10.1109/IEEM.2018.8607381.

Y. Lin, Y. Wang, & L. Kung, "Influences of cross-functional collaboration and
knowledge creation on technology commercialization: Evidence from high-tech
industries," Industrial Marketing Management, vol. 49, pp. 128-138, Aug. 2015,
[Online| Available: https://doi.org/10.1016/j.indmarman.2015.04.002

C. Berlin, & C. Adams, Production Ergonomics: Designing Work Systems
to Support Optimal Human Performance. London, UK: Ubiquity Press, 2017.
[Ebook| Available: https://doi.org/10.5334/bbe

C. Hagg & S. Ljungberg," Analyzing the Creation of Process & Inspection In-
structions at Volvo Cars: Identification and Reduction of Waste in the Ad-
ministrative Process of Creating Assemble & Control Instructions for Cars,"
MSc thesis, Department of Technology Management and Economics, Chalmers
University of Technology, Gothenburg, Sweden, 2023. [Online]. Available:

United Nations, "THE 17 GOALS," 2024. [Online] Available: https://sdgs.
un.org/goals (accessed on: 2024-04-18)

P. Gartner, M. Benfer, A. Kuhnle, & G. Lanza, "Potentials of Traceability
Systems - a Cross-Industry Perspective," Procedia CIRP, vol. 104, pp. 987-992,
2021. [Online| Available: https://doi.org/10.1016/j.procir.2021.11.166

N. Koehler, T. Naumann, & S. Vajna. "'SUPPORTING THE MODELING OF
TRACEABILITY INFORMATION," in DS 77: Proceedings of the DESIGN
2014 13th International Design Conference, Dubrovnik, Croatia, 2014, pp. 1811
- 1820. [Online| Available: https://www.designsociety.org/publication/
35323/SUPPORTING+THE+MODELING+0F+TRACEABILITY+INFORMATION

T. A. Jauhar, M. Safdar, I. Kim, & S. Han, "Web-based Product Data Vi-
sualization and Feedback between PLM and MES.," in The 25th International
Conference on 3D Web Technology, Virtual Event, Republic of Korea, 2020, pp.
1 - 4. [Online| Available: https://doi.org/10.1145/3424616.3424694

M. Grieves, (2014). "Digital Twin: Manufacturing Excellence through Vir-
tual Factory Replication,” Digital Twin White Paper, 2014. [Online] Avail-
able: https://www.researchgate.net/publication/275211047 Digital_
Twin_Manufacturing Excellence_through Virtual Factory_Replication

M. Hirz, P. Rossbacher, & J. Gulanova, "Future trends in CAD - from the
perspective of automotive industry," Computer-Aided Design and Applications,
vol. 14, no. 6, pp. 734-741, Feb. 2017. [Online| Available: https://doi.org/
10.1080/16864360.2017.1287675

N. Striffler, & T. Voigt, (2023). "Concepts and trends of virtual commissioning
— A comprehensive review," Journal of Manufacturing Systems, vol. 71, pp.
664-680, Dec. 2023. [Online] Available: https://doi.org/10.1016/j.jmsy.
2023.10.013

S. Nzetchou, A. Durupt, S. Remy, & B. Eynard, "Review of CAD visualization
standards in PLM," in 16th IFIP International Conference on Product Lifecycle


https://doi.org/10.1109/IEEM.2018.8607381
https://doi.org/10.1016/j.indmarman.2015.04.002
https://doi.org/10.5334/bbe
https://sdgs.un.org/goals
https://sdgs.un.org/goals
https://doi.org/10.1016/j.procir.2021.11.166
https://www.designsociety.org/publication/35323/SUPPORTING+THE+MODELING+OF+TRACEABILITY+INFORMATION
https://www.designsociety.org/publication/35323/SUPPORTING+THE+MODELING+OF+TRACEABILITY+INFORMATION
https://doi.org/10.1145/3424616.3424694
https://www.researchgate.net/publication/275211047_Digital_Twin_Manufacturing_Excellence_through_Virtual_Factory_Replication
https://www.researchgate.net/publication/275211047_Digital_Twin_Manufacturing_Excellence_through_Virtual_Factory_Replication
https://doi.org/10.1080/16864360.2017.1287675
https://doi.org/10.1080/16864360.2017.1287675
https://doi.org/10.1016/j.jmsy.2023.10.013
https://doi.org/10.1016/j.jmsy.2023.10.013

Bibliography

[24]

[25]

[20]

[27]

[31]

[34]

Management (PLM), Moscow, Russia, 2019, pp. 34 - 43. [Online] Available:
https://doi.org/10.1007/978-3-030-42250-9_4

F. Noél & D. Dori, "Towards 3D Visualization Metaphors for Better PLM
Perception," in 12th IFIP International Conference on Product Lifecycle Man-
agement (PLM), Doha, Qatar, 2015, pp. 461 - 475. [Online] Available: https:
//link.springer.com/chapter/10.1007/978-3-319-33111-9_42

M. Cohrs, V. Kremer, S. Klimke, & G. Zachmann, "Time-efficient and accurate
spatial localization of automotive function architectures with function-oriented
3D visualization," Computer-Aided Design and Applications, vol. 13, no. 4, pp.
519-529, Jan. 2016. [Online] Available: https://doi.org/10.1080/16864360.
2015.1131547

G. Gemser, & M. Leenders, "Managing Cross-Functional Cooperation for New
Product Development Success," Long Range Planning, vol. 44, no. 1, pp. 26-
41, Feb. 2011. [Online] Available: https://doi.org/10.1016/j.1rp.2010.
11.001

N. Tilioua, F. Bennouna, & Z. Chalh, "Using Internet of Things to Increase
Efficient Collaboration in PLM," in International Conference on Digital Tech-
nologies and Applications (ICDTA ), Fez, Morocco, 2021, pp. 825-833. [Online]
Available: https://doi.org/10.1007/978-3-030-73882-2_75

7. Yin, et al., "Cross-functional collaboration in the early phases of capital
projects: Barriers and contributing factors," in Project Leadership and Society,
2023, [Online| Available: https://doi.org/10.1016/j.plas.2023.100092

M. Kay, "Cross-Functional Teams: Challenges and Opportunities,” in
Information Today, vol. 40, no. 3, pp. 37-38, April. 2023, [Online]
Available: https://search.ebscohost.com/login.aspx?direct=true&db=
edsgsr&AN=edsgcl.744170273&site=eds-1live&scope=site

K.M. Brands, "Data Democratization for Value Creation: Despite the risks and
challenges, data democratization has the potential to unleash the full power of
company data', in Strategic Finance, vol. 105, no. 2, pp. 104 - 106 Feb. 2024.
[Online] Available:  https://search.ebscohost.com/login.aspxdirect=
true&db=edsgao&AN=edsgcl.762831141&site=eds-1ive&scope=site

S. Samarasinghe, & S. Lokuge, "Exploring the Critical Success Factors for Data
Democratization", in Australasian Conference on Information Systems 2022
Proceedings. 3, Melbourne, Australia, 2022. [Online] Available: https://doi.
org/10.48550/arXiv.2212.03059

T. Harland, "Towards a Democratization of Data in the Context of Industry
4.0," Sci, vol. 29, no. 4, July. 2022. [Online] Available: https://doi.org/10.
3390/sci4030029

D. Jetchev & G. Todorov, "Model-based virtual product development and data
control with PLM", in 15th International Conference on FElectrical Machines,
Drives and Power Systems (ELMA) FElectrical Machines, Drives and Power
Systems (ELMA), Sofia, Bulgaria, Jun. 2017. [Online] Available: https://
doi.org/10.1109/ELMA.2017.7955429

J. Oscarsson, M.A. Jeusfeld, & A. Jenefeldt, "Towards virtual confidence-
extended product lifecycle management," in 12th IFIP International Confer-

53


https://doi.org/10.1007/978-3-030-42250-9_4
https://link.springer.com/chapter/10.1007/978-3-319-33111-9_42
https://link.springer.com/chapter/10.1007/978-3-319-33111-9_42
https://doi.org/10.1080/16864360.2015.1131547
https://doi.org/10.1080/16864360.2015.1131547
https://doi.org/10.1016/j.lrp.2010.11.001
https://doi.org/10.1016/j.lrp.2010.11.001
https://doi.org/10.1007/978-3-030-73882-2_75
https://doi.org/10.1016/j.plas.2023.100092
https://search.ebscohost.com/login.aspx?direct=true&db=edsgsr&AN=edsgcl.744170273&site=eds-live&scope=site
https://search.ebscohost.com/login.aspx?direct=true&db=edsgsr&AN=edsgcl.744170273&site=eds-live&scope=site
https://search.ebscohost.com/login.aspxdirect=true&db=edsgao&AN=edsgcl.762831141&site=eds-live&scope=site
https://search.ebscohost.com/login.aspxdirect=true&db=edsgao&AN=edsgcl.762831141&site=eds-live&scope=site
https://doi.org/10.48550/arXiv.2212.03059
https://doi.org/10.48550/arXiv.2212.03059
https://doi.org/10.3390/sci4030029
https://doi.org/10.3390/sci4030029
https://doi.org/10.1109/ELMA.2017.7955429
https://doi.org/10.1109/ELMA.2017.7955429

Bibliography

[35]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

o4

ence on Product Lifecycle Management (PLM), Doha, Qatar, 2015, pp. 708 -
717. [Online| Available: https://doi.org/10.1007/978-3-319-33111-9_64
A. Kampker, S. Wessel, N. Lutz, M. Reibetanz, & M. Hehl, "Virtual Commis-
sioning for Scalable Production Systems in the Automotive Industry: Model
for evaluating benefit and effort of virtual commissioning," in 2020 9th Inter-
national Conference on Industrial Technology and Management (ICITM), Ox-
ford, UK, 2020, pp. 107-111. [Online] Available: https://doi.org/10.1109/
ICITM48982.2020.9080348

C.S.V. Murthy, Change Management. 1st ed., Mumbai, India: Himalaya Pub-
lishing House, 2007. [Ebook]| Available: https://eds.p.ebscohost.com/eds/
detail/detail?vid=3&sid=ed50abc0-db25-447c-9f25-736baac4635fY
40redis&bdata=JnNpdGUIZWRzLWxpdmUmc2NvcGU9c210ZQ%3d%3d#AN=clec.
EBC588098&db=cat07472a

S.B. Merriam & E.J. Tisdell, Qualitative research: A guide to design and imple-
mentation. 4th ed., CA, USA: John Wiley & Sons, Incorporated. 2015. [Ebook]
Available: https://search.ebscohost.com/login.aspx?direct=true&db=
cat07472a&AN=clec.EBC2089475&site=eds-1live&scope=site

L. Blessing, & A. Chakrabarti, DRM, a Design Research Methodology. Lon-
don, UK:Springer, 2009. [Ebook] Available: http://dx.doi.org/10.1007/
978-1-84882-587-1

H. Kallio, A.-M. Pietila, M. Johnson & M. Kangasniemi, "Systematic method-
ological review: developing a framework for a qualitative semi-structured inter-
view guide." Journal of Advanced Nursing, vol. 72, no. 12, pp. 2954-2965, Dec.
2016. [Online| Available: https://doi.org/10.1111/jan.13031

K. L. Barriball & A. While, "Collecting data using a semi-structured inter-
view: a discussion paper," Journal of Advanced Nursing, vol. 19, p. 328-
335, May. 1994. [Online| Available: https://doi.org/10.1111/j.1365-2648.
1994 .tb01088.x.

S.E. Krauss et al., "Preliminary Investigation and Interview Guide Development
for Studying how Malaysian Farmers Form their Mental Models of Farming,"
The Qualitative Report, vol. 14, p. 245-260, June. 1994. [Online] Available:
https://doi.org/10.46743/2160-3715/2009.1382.

I. Tiznado-Aitken et al., "Using the five Ws to explore bikeshare equity in
Santiago, Chile," Journal of Transport Geography, vol. 97, Oct. 2021, doi:
https://doi.org/10.1016/j. jtrangeo.2021.103210.

T. George, "Semi-Structured Interview | Definition, Guide & Examples.'
Scribbr, [Online] Jun. 22, 2023. Available: https://www.scribbr.com/
methodology/semi-structured-interview/ (accessed on: 2024-01-29).

K. Pedersen, J. Emblemsvag, R. Bailey, J.K. Allen, & F. Mistree, "Validating
Design Methods and Research: The Validation Square." ASME DETC, vol. 4.
p. DETC2000/DTM-14579, pp. 379-390, Sep. 2000. [Online] Available: https:
//doi.org/10.1115/DETC2000/DTM-14579

M.S. Reed et al., "Who’s in and why? A typology of stakeholder anal-
ysis methods for natural resource management." Journal of Environmental
Management, vol. 90., pp. 1933-1949, Jan. 2009. [Online] Available: https:
//doi.org/10.1016/j.jenvman.2009.01.001


https://doi.org/10.1007/978-3-319-33111-9_64
https://doi.org/10.1109/ICITM48982.2020.9080348
https://doi.org/10.1109/ICITM48982.2020.9080348
https://eds.p.ebscohost.com/eds/detail/detail?vid=3&sid=ed50abc0-db25-447c-9f25-736baac4635f%40redis&bdata=JnNpdGU9ZWRzLWxpdmUmc2NvcGU9c2l0ZQ%3d%3d#AN=clec.EBC588098&db=cat07472a
https://eds.p.ebscohost.com/eds/detail/detail?vid=3&sid=ed50abc0-db25-447c-9f25-736baac4635f%40redis&bdata=JnNpdGU9ZWRzLWxpdmUmc2NvcGU9c2l0ZQ%3d%3d#AN=clec.EBC588098&db=cat07472a
https://eds.p.ebscohost.com/eds/detail/detail?vid=3&sid=ed50abc0-db25-447c-9f25-736baac4635f%40redis&bdata=JnNpdGU9ZWRzLWxpdmUmc2NvcGU9c2l0ZQ%3d%3d#AN=clec.EBC588098&db=cat07472a
https://eds.p.ebscohost.com/eds/detail/detail?vid=3&sid=ed50abc0-db25-447c-9f25-736baac4635f%40redis&bdata=JnNpdGU9ZWRzLWxpdmUmc2NvcGU9c2l0ZQ%3d%3d#AN=clec.EBC588098&db=cat07472a
https://search.ebscohost.com/login.aspx?direct=true&db=cat07472a&AN=clec.EBC2089475&site=eds-live&scope=site
https://search.ebscohost.com/login.aspx?direct=true&db=cat07472a&AN=clec.EBC2089475&site=eds-live&scope=site
http://dx.doi.org/10.1007/978-1-84882-587-1
http://dx.doi.org/10.1007/978-1-84882-587-1
https://doi.org/10.1111/jan.13031
https://doi.org/10.1111/j.1365-2648.1994.tb01088.x
https://doi.org/10.1111/j.1365-2648.1994.tb01088.x
https://doi.org/10.46743/2160-3715/2009.1382
https://doi.org/10.1016/j.jtrangeo.2021.103210
https://www.scribbr.com/methodology/semi-structured-interview/
https://www.scribbr.com/methodology/semi-structured-interview/
https://doi.org/10.1115/DETC2000/DTM-14579
https://doi.org/10.1115/DETC2000/DTM-14579
https://doi.org/10.1016/j.jenvman.2009.01.001
https://doi.org/10.1016/j.jenvman.2009.01.001

Bibliography

[46]

[47]

48]

O. Wadesango, "Proactive Approaches To Stakeholder Engagement." Journal
of Accounting, Finance & Auditing Studies, vol. 9., pp. 197-217, 2023. [Online]
Available: https://doi.org/10.32602/jafas.2023.030

S. Olander, & A. Landin, "Evaluation of stakeholder influence in the implemen-
tation of construction projects" International Journal of Project Management,
vol. 23. pp. 321-328, 2005. [Online] Available: https://doi.org/10.1016/j.
ijproman.2005.02.002

S. Mari, & M. Pirozzi, "Managing stakeholder engagement: A critical suc-
cess factor." PM World Journal, vol. 13. pp. 1-15, 2024. [Online] Avail-
able: https://search.ebscohost.com/login.aspx?direct=true&db=bsu&
AN=174831514&site=eds-1ive&scope=site

95


https://doi.org/10.32602/jafas.2023.030
https://doi.org/10.1016/j.ijproman.2005.02.002
https://doi.org/10.1016/j.ijproman.2005.02.002
https://search.ebscohost.com/login.aspx?direct=true&db=bsu&AN=174831514&site=eds-live&scope=site
https://search.ebscohost.com/login.aspx?direct=true&db=bsu&AN=174831514&site=eds-live&scope=site

Bibliography

56



A

Interview Guide/Template

This appendix presents the interview guide used during the interviews, the appendix
is divided up between the different questions asked to the stakeholders at each de-
partment. Starting each interview, general questions was asked to each stakeholder
before proceeding with the interview guide based on department association.

General Questions
o Is it okay if we record this interview?
o What is your work description and how long have you had this position?
— What are your main tasks?

A.1 Manufacturing Engineering Commodity Ques-
tions

o What value would it give to connect BOE to the Plls for the company?
— Who benefits from the connection of BOE and PlIs and why?
e How can it help with your work by adding 3D models to the PII?
— Why is it a need? Cross-collaboration, control checks, etc.?
— How would you like to have the resources connected with the process?
— How can the issue of connecting equipment to the tooling field in PII in
TC Classic be addressed? Is there a solution?
— What is the difference in PII and BOE connections between different
departments?
— If 3D models of resources are connected to the PIIs does it reduce infor-
mation search?
o How does the connection affect the employee doing the work?
— Does it have any drawbacks of having BOE and PIIs connected?
— What do you do when tooling information is missing from the PIIs?
— Should all resources be connected or only a select amount?
o What are the consequences of not connecting the BOE and PIIs?
e Do you experience a lot of silo work between different departments?
o What is covered in a VBE today? Are resources shown?
o How will TC PLM address what TC Classic does not solve? What does it
replace besides PII creation?
— What value does TC PLM add?
— What value does an interim solution add before TC PLM is operational,
and why not wait?



A. Interview Guide/Template

— How do you envision the PII solution regarding tooling information in
TC PLM?

— What new features in TC PLM regarding BOE and PIIs are most impor-
tant within tooling?

— How will the filtering and positioning issues be solved in TC PLM?

o How will TC Classic and TC PLM relate to each other in the future regarding

tooling?

o What are the consequences and risks if TC PLM does not succeed?
o What is the future regarding the BOE and PII connection?

— From your perspective and the company’s, why is it value-adding to move
towards WCE?

— How do you envision it with WCE in the picture?

— What challenges exist in implementing WCE? Why are these challenges
present?

— Will WCE affect how tooling is linked to PIIs in TC Classic/PLM?

— How will the filtering and positioning issues be solved with WCE?

— What is the timeline for WCE in each PLM system?

o From your perspective and the company’s, what are the consequences of not

implementing WCE?

A.2 Manufacturing Engineering Digital Questions

IT

o Why is there a need to connect BOE to the PIIs?

— Who benefits from the connection of BOE and PlIs and why?
— How would you like to have the resources connected with the process?
— If 3D models of resources are connected to the PIIs does it reduce infor-
mation search?
What is the difference in PII and BOE connections between the different de-
partments?
What are the challenges of connecting the BOE and PII?
What are the consequences of not connecting the BOE and PIIs?
Does it have any drawbacks of having BOE and PIIs connected?
What value does TC PLM add?
— How do you envision the PII solution regarding tooling information in
TC PLM?
— How will the filtering and positioning issues be solved in TC PLM?
What are the challenges with implementing TC PLM? Why?
What are the consequences and risks if TC PLM does not succeed?
Why is WCE important?
— How will WCE be approached in TC Classic and TC PLM?
— What is the timeline for WCE in each PLM system?
What challenges exist in implementing WCE? Why are these challenges present?
From your perspective and the company’s, what are the consequences of not
implementing WCE?



A. Interview Guide/Template

A.3 Plant Questions

What are you using the PlIIs for?
— When during the process are you receiving the PII?
— What is the most important information from the PII?
— What do you use the tooling information from the PIIs for?
— Is there any information missing from the PII?
What do you do when tooling information is missing from the PIIs?
— Do you experience a lot of silo work between different departments?
How can it help with your work by adding 3D models to the PII?
— What value would it add to your work?
— If there are 3D models of resources connected to the PIls does it reduce
information search?
— What other advantages can you think of? Cross-collaboration, verifica-
tion etc.?
What are the consequences of not connecting the BOE and PIIs?

A.4 Manufacturing Engineering Industrialization

Questions

What are you using the PlIIs for?
— What is the most important information from the PII?
— What do you use the tooling information from the PIIs for?
— Is there any information missing from the PII?
What do you do when tooling information is missing from the PIIs?
— Do you experience a lot of silo work between different departments?
How can it help with your work by adding 3D models to the PII?
— What value would it add to your work?
— If there are 3D models of resources connected to the PIls does it reduce
information search?
— How would you like to have the resources connected with the process?
— What other advantages can you think of? Cross-collaboration, verifica-
tion etc.?
How would you like to have the resources connected with the process?
Do you see any challenges of connecting the BOE and PIIs?
What are the consequences of not connecting the BOE and PIIs?

A.5 Digital Engineering Questions

How can the BOE be connected to the Plls in the BOP structure?

— What value would it give to connect BOE to the Plls for the company?
What is the need?
— Should all resources be connected or only a select amount?

ITT
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IV

— How can the issue of connecting equipment to the tooling field in PII in
TC Classic be addressed? Is there a solution?
Who benefits from the connection of BOE and PlIs and why?
— How does this affect the employee doing the connection?
— Does it have any drawbacks of having BOE and PIIs connected?
What is the future regarding the BOE and PII connection?
— How does current working process and WCE differ?
— Why is it value-adding to move towards WCE? From your perspective
and the company’s?
— How will the filtering and positioning issues be solved with WCE?
— What is PERT? And what is its significance?
What challenges exist in implementing WCE? Why are these challenges present?
What are the consequences of not implementing WCE? From your perspective
and the company’s?
How will WCE be approached in TC PLM?
— Why is it worth putting resources towards WCE in TC Classic when TC
PLM is under development?
— What is the timeline for WCE in each PLM system?



Process and Inspection
Instructions

The Process and Inspection Instructions template created from the information given

in Teamcenter Classic software.
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