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Sammanfattning

Idag verkar 2D-ritningen på Scania som den primära metoden att presentera, skicka, och lagra 
information gällandes en produkt utmed dess livscykel. Sedan 90-talet har detta kommit att ändras, 
då det har blivit mer och mer populärt att frångå 2D-ritningen och istället presentera produkten 
och dess beskrivande text i en 3D-miljö, en metod känd som Model Based Definition, eller MBD. 
MBD blivit en förändrare inom tillverkningsindustrin, då kostnadskurvan har stagnerat för 
flertalet företag som har implementerat metoden.

Det här examensarbetet utfördes på Scania CV AB i Södertälje, Sweden, med avsikt för att utforska 
vad för effekt en implementering av MBD har i en tillverkningsindustri inom fordonsbranschen. 
Över 30 intervjuer och observationer utfördes på Scania, och ytterligare tre undersökningar 
utfördes på tre externa företag med liknande bakgrund som Scania. Resultaten sammanställdes 
och analyserades gentemot ett teoretiskt ramverk inom de kopplade disciplinerna till MBD.

Utredningsresultatet antyder att en implementation är möjlig, och att fördelarna väger tyngre än 
de förutsagda nackdelarna. De största fördelarna var relaterade till integrerad produktutveckling 
(concurrent engineering), då MBD integrerar nedströmsavdelningar i ett tidigare skede. Det 
bedömdes även att en enda informationskälla är mycket fördelaktigt för alla avdelningar, då det 
förebygger tvetydighet som annars inträffar vid användandet av både 2D och 3D. Eftersom MBD 
har mycket inflytande över Scanias samtliga avdelningar, utforskades det även hur Scania ska gå 
tillväga för att implementera MBD i sin organisation.
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Abstract

As of today at Scania, the 2D drawing is the primary way to convey, forward, and store information 
regarding a product through its lifecycle. Since the 90’s however, this has come to change, bringing 
more and more popularity to discard the 2D drawing and instead present the product and all of its 
annotations in a 3D environment, a method known as Model Based Definition or MBD. MBD has 
become a game changer in the manufacturing industry, as the cost curve has declined for several 
companies that have implemented the method.

This thesis was conducted at Scania CV AB in Södertälje, Sweden, in order to investigate the 
impacts of implementing MBD in an automotive manufacturing organization. Over 30 interviews 
and observations took place at Scania, as well as investigating three external organizations with 
similar backgrounds. The results were compiled and analyzed with a theoretical framework, 
covering the interconnected disciplines of MBD.

The findings suggest that an implementation is indeed possible and that the benefits outweigh the 
predicted challenges that come with an implementation. The main benefits were related to 
concurrent engineering, as MBD integrates downstream departments at an earlier stage. It was also 
deemed that a single source of truth is greatly beneficial for every department, as this counteracts 
ambiguity that otherwise occurs when using both 2D and 3D. As MBD has great influence in most 
of Scania’s departments, guidance for how and when to conduct the change management was also 
presented.
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“This will be the future, the question is how long it will take to implement”
-IT-developer, responsible for the 3DZP methodology, Volkswagen

“It possesses unparalleled advantages on product efficiency, 
cost reduction and data uniqueness compared with conventional design methods.”

Lixin Wang et al. 2013
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NOMENCLATURE

MBD     Model Based Definition - A method referring to the   
     use of the 3D model as the main and only source of  
     information. 

EC     Engineering changes  

PLM     Product Lifecycle Management

vPLM     Virtual Product Lifecycle Management

PDM     Product Data Management

3D master    The usage of the 3D model as legal document

CAD     Computer Aided Design, the creation of digital 3D   
     models

Catia v5    CAD - system

FT&A     Functional Tolerancing and Annotations, module in  
     CATIA V5 

3Dxml     Lightweight format for 3D models

JT (JT2go)    Lightweight format for 3D models

STEP     Standard for the exchange of product model data

CAM     Computer Aided Manufacturing

Downstream    Departments performing tasks later in the   
      development process

AROS     Scanias main database, platform for PLM related   
     systems

OAS     Scania system replacing AROS

Enovia     Scania system, vault for 3D models

Spectra     Scania system, part of AROS

KS     Scania system, describing Structure 

GEO     Scania system, describing geometric surroundings

MONA    Scania system, creates basis for production and assembly

FRAS     Scania system, manage deviations

3DPMI    Volvos version of MBD

3DZP     Volkswagens  version of MBD

EC     Engineering Changes

ECO     Engineering Change Order

ExpertCAD    2D CAD-system

NC     Numerical Control

ISO     International Organisation for Standardization

ROI     Return On Investment
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1. Introduction
This chapter describes the framework for the thesis and the background behind the project 

complete with the task defined in the brief. It presents the needs for the project to be conducted 
and gives a short introduction to model based definition. 

1.1 Background

Scania is a Swedish founded company and one of the world’s leading manufacturers of heavy ve-
hicles in the automotive industry. The company is included in the Volkswagen concern but governs 
their own development. With its Research and Development department, as well as the headquar-
ters, located in Södertälje, Scania aims to produce trucks and engines of top quality and deliver it to 
the market. To achieve this, the development has to be forefront in both technology and innovative 
processes. The increased use of a digitalized way of working has been proven to make production 
more effective and iterative, resulting in higher quality. A lot of effort has therefore been allocated 
to make the development more digitalized, and several master theses have been written on the 
subject including Model Based Definition, or MBD. MBD is a term used at Scania to describe a 
methodology where the 3D model is used as the main source of information. Using a 3D master 
level means having the 3D model as a legal document and MBD is created as a methodology in 
which 2D drawings are rendered redundant; MBD does however also include the 3D model being 
the legal source of documentation. 

Despite the primary use of 3D in the development process, the efforts and resources directed 
towards tools for simulation and model use, the main source of information used downstream at 
Scania are still 2D drawings. This is considered a time consuming way of working which 
contributes to ambiguity in the different product descriptions, as well as waste and late changes 
in the development process. Several large companies within the manufacturing industry already 
adapted a model based way of working to different degrees with promising results. The idea of 
MBD is to have one source of information, the 3D model, and allow the stakeholders to obtain the 
relevant information from the source in an effective manner. 

The prior research conducted on the subject has mainly covered the systems more than the 
methodology. As MBD is not currently implemented at Scania there was a need for an analysis on 
the early adoption phase and what benefits and challenges are visible from a preparatory stage. The 
need for change originated from companies using similar systems and methodologies as a 
competitive advantage.
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1.2 Purpose

The purpose of the master thesis was to observe and evaluate the current situation at Scania, to 
analyze the processes used today concerning the use of 2D drawings and 3D models, and to 
identify the consequences of implementing MBD to further facilitate the transition. The thesis 
aimed to conclude how the cross functionality and concurrent engineering would be affected by 
using the 3D model as main source of information when communicating and interpreting designs.  
A side note of this was to conclude if MBD ready for implementation by determining if the 
required information can be stored in the 3D model, without further delving in the layout of the 
tools. The purpose was to be accomplished by quantifying the main benefits of a model centered 
way of working, analyzing the need for change and listing the main challenges of implementing and 
using such a system. 

The initial assignment brief stated the requirements to identify difficulties, quantify the advantages 
and describing the necessity to change to a model based approach. It also stated to analyze the 
current situation, business benefits, opportunities and limitations as well as suggest proposed 
solutions and areas for future work to be conducted.

The summed up goal was to provide an objective assessment and basis to justify the change to MBD 
at Scania.
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1.3 Scope

As mentioned in the background chapter, a lot of research has been conducted on the subject of 
MBD. The methods of concurrent engineering and lean have roots far back in history and have 
been thoroughly researched over the years. As MBD entered the field however, a lot of the focus 
has been on the hardware and software in order to conclude if the technology is yet ready for a full 
implementation, and the methods has fallen back in the shadow. When the methods have been in 
focus it has most often been for the company as a whole, and the majority of the time, the focus 
has been on the aerospace and automotive industry as they were the early adopters. While the en-
tire company might benefit from a method it can affect different parts of the company in different 
ways and have severe consequences for individual departments. The thesis was therefore decided 
to focus on the methodology of MBD and examine the benefits and challenges departments in a 
cross-functional perspective. Due to the aerospace and automotive manufacturers being the main 
users of MBD, the thesis investigates the need for change for an automotive manufacturer. 
Knowledge of how firms share knowledge internally is gaining popularity within the research 
community (Kankanhalli et al., 2005; Kane & Alavi, 2007) and the thesis also decided to include a 
case study of how information travels within the company of Scania as it is vital in terms of 
exploring the cross-functionality.

To summarize the scope and ensure the results of the thesis covered the subject the following 
research question was formed.

What are the main impacts of implementing MBD in an automotive
 manufacturing industry, in a cross functional perspective?

Impacts can be divided into many different aspects. Two sub questions were therefore formulated 
to emphasize the most important part of the purpose of the thesis.

What are the main benefits when implementing MBD in a manufacturing industry?

What are the main challenges when implementing MBD in a manufacturing industry?
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1.4 Delimitations

The thesis was limited to analyzing the methods and processes in the product development. More 
thorough investigations about the tools and modules needed for MBD was left outside the scope 
of the project, with the exception of examining that it is technologically feasible to use an MBD-
approach.

The cost to implement MBD is dependent on education of the users licenses for tools and software. 
The numbers were however left out of the thesis as this is disclosed within Scania.

The report was restricted to the departments within Scania deemed likely to be affected by MBD.
This included Research and Development, Production and Logistics, Service and Purchasing. This 
excluded the suppliers even though they are adjacent to some of Scania’s departments communi-
cation-wise, and play a large part in the usage of MBD. This was due to the fact that Scania have 
hundreds of possible suppliers and the thesis therefore focused solely on purchasing’s role towards 
the suppliers and not the supplier themselves. Furthermore, it was decided by request from the 
industrial supervisor that sales and marketing should be left out of the report, due to it being 
detached from other departments in Scania, partly acting as stand-alones globally.
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2 Methods
This chapter covers the research methods that was used in the thesis, 

in order to acquire the information needed, as well as ensure all information 
sources were utilized correctly and to the fullest extent.

When analyzing the current situation at Scania multiple methods were used. As a first step, inter-
views were held at different departments of Scania to evaluate how far each area had come with the 
implementation. This was done continuously during the entire thesis in order to examine as many 
parts of the company as possible until the overview of the information flow was saturated. The 
participants were chosen from different levels of management, as well as employees and key 
personnel within projects closely affiliated with MBD in order to receive a broad spectrum of 
information. In addition to interviews, observation sessions were held in order to both ensure that 
the information collected in interviews was correct as well as identify additional findings that did 
not emerge during the interviews. 

The data collected during the first interviews were used to develop interviews held at a later stage, 
and to further find additional contacts and key personnel within the area. All interviews conducted 
were semi structured. They all followed a certain template but were customized depending on the 
role or department of the participant. The aim was to find concrete examples within development 
or production where MBD could be applicable to save resources, or to find pitfalls. The snowball 
method, further presented in 2.3, was therefore used to investigate examples where an anomaly in 
the information between 3D models and 2D drawings had caused increased costs for the company.

In order to conduct an explorative research applicable to multiple companies and to determine 
what information from articles and journals were relevant, Scania was defined as technological and 
mechatronics based company. It was also deemed important to keep in mind that Scania has their 
Research and Development department based in Sweden which separates them from a lot of other 
companies, together with their high use of modules.



6

2.1 System training

In order to extract as much information as possible from the interviews and to understand and 
interpret the results two courses on different systems at Scania were attended. A two days course in 
PDIK, Product Data Information for Design Engineers, where the participants learned to use KS, 
the structuring program for the trucks, an essential part of Scania’s development. Another course, 
stretching one day, was attended - Catia V5 ENOVIA for Viewers - in order to accustom the authors 
with Scania’s CAD program to give a more holistic understanding when conducting interviews.

2.2 Literature search

When initiating the project, the chain search method was used. The chain search method is 
conducted by initiating a simple search phrase that is likely to yield results in the area of interest, 
and as the user reads relating articles, the vocabulary of technical terms expands which allows for 
refined and elaborated searches. The chain search also allows extensions of the search by
 investigating references from the articles found.
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2.3 Interviews

A similar method to the chain search was used when the interviews were conducted; snowball 
sample. The theory can be defined differently (Handcock, 2011) but is closely related to the chain 
search, but focuses on people rather than articles. Once a contact network was initiated at Scania, 
the interviewee was asked for directions and suggestions of new people and divisions that he or she 
deemed the most enlightened on the subject. This iterated, thus expanding the contact network. 
The snowball sample is an appropriate method to use in order to find participants from a relatively 
inaccessible population (Berg, 2004) which due to the size of Scania and its restricted access, was 
deemed fitting.

The interviews were carried out in multiple departments with interviewees of varying background 
order to get the best picture of the entire company as well as to experience the impact of MBD 
in different aspects. Interviews were also conducted at other companies similar to Scania, in the 
aspects of product development in a Model Based Definition-manner, in order to investigate the 
impacts that already occurred.

In the interview phase, the aim was to find lead users. Lead Users are at the leading edge and are 
both sufficiently well qualified, and motivated to make significant contributions to the development 
(Luthje, 2004). The lead users were defined as the ones that either stood to benefit significantly from 
solutions regarding MBD, or people involved in the process prior the majority of other people. Lead 
users are those that experience needs before others, and strive to find solution to those needs. They 
are also defined as ”customers who adapt, modify, or transform a proprietary offering” 
(Berthon et al. 2007).

The interviews conducted were of a semi-structured manner (Catterall, 2000). This had two main 
benefits; all the interviewees experienced similar questions, allowing comparing result in a 
controlled environment, and were at the same time given space to give personal input that would 
otherwise risk being left out if the interview were too structured. Furthermore, the interviews were 
not recorded, in order to not stress the interviewees. A template was created to be used in every 
interview, although adjusted appropriately before each interview to better fit the participant. The 
decision of which questions were to be asked during the interview was based on an iterative 
process, where former knowledge from the department and the level of hierarchy of those being 
interviewed concluded what further information was essential to obtain a result.

Several presentations and meetings were also attended where information about MBD was 
discussed or presented, this information were also an asset when mapping out the current situation.
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2.4 Tests

When the thesis was set in motion, one thought method of how to collect information was to carry 
out a pilot or conduct minor tests with staff of Scania in order to get measureable data of the effects 
of MBD. As work progressed however, it was concluded that it was not feasible to include personnel 
in the test due to the complexity, time limit of the thesis, and amount of variables of MBD.

2.5 Observations

One method to gather information about processes and methods, as well as advantages and 
disadvantages in MBD, was to shadow key personnel. As put by McDonald (2005) shadowing focus 
on contextualized actions and can therefore provide valuable insights in everyday work. 
Observations were proven useful as it gave a new perspective which resulted in discoveries that 
might otherwise have been left out from interviews. The aim was to obtain a realistic view on 
for example how much time was spent using 2D drawings. Several observations took place as a 
complement to the interviews. These varied in time between one to four hours, and are presented 
together with the interviews in chapter 4.

2.6 Information retrieval

When collecting information for the thesis an abductive approach was used. This implies the use 
of a mix between both deductive approach, where conclusions are drawn from given premises 
from published literature, as well as an inductive approach, where conclusions are drawn from the 
author’s’ empirical experiences, gathered from interviews amongst other. The results, often in the 
form of paragraphs, were cross-classified to several categories according to Catterall (2000) 
depending on subject and department discussed.
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3. Frame-of-Reference
This chapter covers the literature part of the thesis. The chapter comprises the knowledge base, 
retrieved through literature searches on databases in the form of published journals, books, and 

websites. The content is comprised of subjects closely or directly related to MBD.

3.1 Model Based Definition

The definition of MBD is to describe components or assemblies using only 3D models. Traditional 
design methodologies rely on drawings to define the products characteristics such as tolerances, 
materials and surface finishing. According the Wang et al. (2013) the MBD method makes the 3D 
solid model the only basis in PLM, the Product Lifecycle Management, more closely explained in 
chapter 4. The approach is gaining popularity within multiple sectors where the automotive and 
aerospace industries are leading the development, where it promises reduced time-to-market and 
improved product quality. Through the integration of drawing annotations the method eliminates 
the need to generate engineering drawings and thus improves and accelerates the design, 
manufacturing, and inspection processes (Quintana, 2012).

“It possesses unparalleled advantages on product efficiency, 
cost reduction and data uniqueness compared with conventional design methods.”

Lixin Wang et al. 2013

Historically the 3D model has played an assistant role to the 2D drawing. This creates redundant 
design definitions which results in non-value adding revisions (Wang, 2012). Instead of adding 
steps to the design process MBD aims to reduce and obviate redundant steps. By doing so the 
method provides a single source of unambiguous information without conflicts between CAD and 
paper drawing (Quintana, 2010). An estimation made by Quintana (2012) states that 
manufacturing resources devoted to managing changes to engineering drawings, manufacturing 

The earliest adopters of MBD have been the aerospace and automotive industries, led by Boeing, 
Lockheed Martin, Airbus and Toyota Motorsport (Liu, 2012). The boeing B-777 was one of the first 
in the aircraft industry to have a 100% digital definition (Quintana, 2010). Boeing and 
Dassaults’ use of MBD has affected more than just the lead time and handling of 2D drawings. It 
has integrated the process design platform, ensuring a consistency and standardization of basic 
data in their business applications system. This has led to an increase in the level of technological 
design effectiveness, shortened the development cycle of new aircrafts greatly and reduced the 
development costs (Xudong Xu et al, 2015). Beyond the data consistency the 3D master also 
improved work efficiency and has caused a revolution in the digital manufacturing technology 
opening up for 3D manufacturing (Q. Z. Zhou, 2013)
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Downstream departments.
One of the core functionalities with MBD is the reusability of the model. The method is designed 
to allow all departments to use the same model throughout the entire product lifecycle (Camba et 
al. 2014). The method yield different benefits depending on what part of a company is examined 
after the implementation, and Quintana (2010) estimates that for every main CAD user in design, 
engineering, or manufacturing, there are 30 potential users downstream in for example marketing,  
product documentation, sales, support or customer service with the main beneficiary in manu-
facturing and inspection process levels. In production it is more important with a broad perspec-
tive and assembly planning rather than part design and MBD would make it possible to generate, 
analyse and evaluate feasible assembly designs in a shorter time according to Xu (2015) and Filieri 
(2015). Other departments such as digital factory would achieve optimal management of product 
design and the manufacturing process while other downstream activities of design such as process 
planning and shop floor production would yield positive effects. (J. Cui, T. L. Yan, 2013)

Examples of downstream departments benefiting from MBD
Manufacturing, planning, quality management, measuring, procurement and marketing/sales. 
(Liu, 2012) 

Design, manufacture, inspection, assembly, installation, maintains and recycle. (Wang et al. 2013)

MBD makes major impact for business management and the downstream design activities, inclu-
ding process planning design, workshop production management etc. (Zhou Q, 2011)

As stated above the main beneficiaries of MBD is not necessarily the departments currently using 
or creating the 3D models.  The downstream departments stand to gain from an implementation 
and production, provided a proper implementation and with the use of appropriate lightweight 
viewers would stand to benefit greatly as the MBD technology for example provides a possibility to 
realize 3D assembly instruction (Geng et al, 2015). Scania are currently using 2D assembly 
instructions which are unable to describe the assembly paths, assembly directions or assembly
 space clearly. Using lightweight programs would allow assembly instructions and display 
time-based technical annotations using tablets or personal computers. The use of MBD would 
make the 3D model the single basis for product-, process- and tool design, part machining, product 
assembly and inspection. This would enhance the integration between design and manufacturing, 
improve the assembly efficiency and quality, and reduce deployment costs of assembly instructions 
(Geng et al, 2015). By the use of lightweight files all departments can manipulate the design in 
regards of navigating, measuring, zooming etc., allowing the consumers of the 3D to extract
 relevant information themselves (Quintana, 2012).
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Challenges
Critical issues related to data content and data presentation needed to be overcome before a full 
scale implementation can be conducted. Departments need a unified standard to specify what data 
are necessary for their specific downstream process or department, and the data presented 
accordingly. Software and hardware enabling capabilities must therefore be evaluated for each 
department separately as well as how data should be transferred between the departments (Liu, 
2012). Other functions in need of assurance are non-geometric information that is correctly 
associated, and MBD that adopts all properties of the drawing, in order to fully assume the function 
of engineering drawings (Quintana, 2010).

Lightweight representations are files with reduced size through compression techniques. Quintana 
(2012) completed a test using Delmia, the same system used by Scania, on 185 MBD sample models 
where all models were compressed and successfully preserved with a 65% reduction in size. There 
was however a problem as fonts changed, causing them to occasionally overlap. According to 
Quintana (2010) this could be solved by converting to STEP before 3D PDF.

The greatest challenge when transitioning to MBD is the initial costs. In addition to new licenses 
and potential updates to software and hardware, the human resource is also a cost. Lin (2004) 
states that the time to reach optimal operating efficiency for all departments is longer than that of 
a 2D system. Lin however also states that the advantages of decreased design cycles, more accurate 
design, and the ability to seamlessly perform finite element and CFD analyses outweighs the cons, 
even though some advantages such as increase in efficiency are hard to quantify.
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3.2 Change management

It is important for an organization to adapt to changing times and environment in order to stay 
competitive. For this to become a reality, performing changes within the organization is an 
absolute necessity as it is directly linked to adaptation (Kotter, 2009). According to Scania (2016), 
its executive decision structure is currently promoting and enforcing cross-functionality and rapid 
implementation of changes. According to Clegg (2004) at the Institute of Work Psychology, most 
management initiatives are conducted by managers that push the changes onto their employees. 
This has however been proven to be a rather ineffective method, as the change is often seen as 
something unwanted and similar to a burden. What is instead proposed in the article is that it is 
important to create an internal request for the change, by the employees – or the users of the change, 
regardless of hierarchical level. The internal request can be compared to a pull system of the change. 
Clegg (2004) refers to a case where an organization within the confectionery-business intended to 
implement changes in regards to working methods. In this case, the sales director had taken
interest in supplying the delivery staff with hand-held computers in order to raise the accuracy of 
stock information and getting faster deliveries amongst others. The sales director initiated this 
project by letting one group lead as a pilot group, attending to their needs. In addition to having 
delivery staff in the team, the team also consisted of people benefiting from this pilot in a 
cross-functional perspective; regional sales managers, customer service, manufacturing, 
administration and sales amongst others. The participants of the team were ultimately responsible 
for setting requirements and wishes for the system, making it their own project and thus pulling 
for the change. The latter resulted in the change getting the resources it needed from the managers, 
but the desire for change from the employees, resulting in a very successful pilot, leading to the 
organization transcending to the new system by internal request.

According to Kotters (2009) own experience, an organization is in risk of being jeopardized if three 
out of four in the organization’s management are in agreement that the current way of working is 
outdated or in other sense wrongful. Kotter (2009) is in agreement with Clegg (2004) that it is 
beneficial to start the change management in a smaller group at first. In smaller organizations, it 
can be as few to three to five people, whilst in a larger organization it could be between 20-50 
people. Kotter (2009) is also in favor of having a cross-functional team,

“If the existing hierarchy were working well, there would be no need for a major transformation. 
But since the current system is not working, reform generally demands activity outside of formal 

boundaries, expectations, and protocol”.
- John P. Kotter, 2009

The employees are encouraged to promote and partake of change, as the larger the movement of 
the change is, the greater the internal boost is. The only constraint mentioned in regards to this is 
that the ideas are to be within the boundaries of the ultimate goal of the change, in order to keep it 
unified. 
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3.3 Concurrent engineering

As technology aspires to improve, the product complexity tends to increase alongside it. An effect 
of this is that the product’s design is changed increasingly often during the process of realizing 
it (Huang, 2003). These changes, called Engineering Changes, or EC’s, are an important part of 
building key competence within the organization, as well as a learning process for the employees. 
These EC’s would not necessarily be reduced in frequency with an MBD methodology, but would 
be executed at an earlier stage, thus maintaining the intake of key competence.

The changes in question occur at different stages of the product development. A rule of thumb is 
that the later in the development stage, the more expensive the changes. This is the result of the 
downstream process in action; when a change is executed later in the development process, more 
departments have to take action accordingly, and might even have to re-manufacture or adjust 
articles. In the automotive industry these costs, including soft costs, can vary with figures as high 
as a factor 10 (Stamatis, 2003). Concurrent engineering is a method that allows project work to be 
conducted simultaneously by cross-functional teams at an early stage. This reveals occurring 
problems and allows for the team to make changes and solve the problem in an earlier phase.

As stated earlier, late changes cause greater costs for companies. According to Wasmer (2011), a 
business case conducted with Ford, General Motor and DaimlerChrysler concluded that the three 
companies had an annual rate in total of 350.000 EC’s. Statements from the companies estimate 
that each EC resulted in costs averaging on 50.000 USD, totaling the costs for the EC’s of the three 
companies at 17,5 trillion USD. Another estimate made at Magna Steyr shows figures of 12.000 
EC’s during one month for a single project (Sullivan, 2004).

In a study conducted by Automotive Industry Action Group, AIAG (2005), there are several issues 
linked to EC’s that are regarded as a heavy burden in the automotive industry;

- Multiple systems and formats
- Multiple definitions and terminology
- Multiple processes
- Missing information
- Conflicting changes
- Insufficient change tracking
- Deficient communication of change to all stakeholders
- Confusion

All of these points are contributing to postponed or prolonged EC’s, thereby increasing their cost. 
Even though the EC’s are very costly for a company, Wasmer (2011) means that only the EC’s that 
do not bring any additional value for the end-customer should be eliminated. This includes both 
changes on the actual product, as well as key competence to the organization. Beyond this, the 
amount  of EC’s shouldn’t be reduced, but rather executed earlier in the development phase, thus 
securing the intake of key competence but at the same time still reducing the costs. This will also 
result in shortening the lead time, as it relieves the recipients downstream. 
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3.4 Ability to interpret 3D

As MBD would reduce the amount of 2D drawings both downstream from the design engineers, as 
well as their own departments, it is of interest to analyze the ability to perceive 3D. At Scania, the 
experience of the consumers in terms of in interpreting 3D varies greatly. According to a study at 
Ohio university (Treichler, 1992), visual representation can amount to 83% in general of 
information intake, excluding annotations and meta-text. 

In a study conducted within building design context (Carvajal, 2005), both spatially experienced 
and spatially inexperienced users were tested on their ability to identify specific features on 2D 
and 3D material. The experienced participants had little variance in identifying the features in 
2D compared to 3D. The inexperienced users had however a substantial advantage using the 3D 
material instead of the 2D. The ability to detect specific features in 3D was increased between 20% 
and 32%. Similar studies have been conducted with similar results, where simulations were used 
as a basis for learning and take instructions, in context to static pictures (Höffler, 2007). Höfflers 
findings support contemporary theory of 3D material being superior or equivalent in consuming 
instructions. What is notable is that 3D learning has a boosted effect for learning motor skill (see 
human motor skill), which is beneficial for some departments when physically interacting with the 
article in question; 

“There is evidence that animations seem to be especially effective for acquiring 
procedural-motor knowledge or problem-solving knowledge”. 

- Höffler, 2007

The information loss and the additional time consumed by using 2D as material is believed to be 
reduced by replacing it with fully annotated 3D instead, in addition to reaching a higher level of 
information-saturation in regards to knowledge and learning (Carvajal, 2005; Höffler, 2007). 
Furthermore, according to Quintana (2010), the value of 3D models is considerably higher than 
those of 2D

“The value of digital models is directly proportional to the 
complexity of the product being marketed or maintained.”

-Quintana, 2010

The reasoning for this is that the 2D drawings require training and time to interpret, and even more 
so in the matter of complex parts. With a 3D model including the MBD FT&A, Functional 
Tolerancing and Annotations, there are no prerequisites to interpreting the model since it reflects 
a true image of the actual article, and also facilitates the user-friendliness with functions such as 
rotating the model, panning and zooming (Quintana 2010).
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3.5 Lean

MBD has a strong connection to the lean philosophy as both concepts seek to obviate r
edundant tasks (Combitech.se, 2016). This is done as early as possible in the development process 
(see concurrent engineering) in order to reduce lead times and save costs. The main tasks of the 
lean method are to reduce the total number of flow units in process by eliminating the causes for 
queues, whether it be materials, information or people. The same is applicable for MBD as it aims 
to reduce the queues regarding both tasks a.k.a. people, information, and material in the form of 
drawings in need of updating and lead time. The philosophy also aims to increase capacity, 
manage different forms of variation in the process and for all tasks to be conducted faster, reducing 
the cycle time (Modig, 2012). The main and common denominator between lean and MBD being 
the elimination of tasks that does not create value to the customer. Lean started out by optimizing 
the production of companies by creating small organizational changes on all levels, organizing the 
movements of the production workers, assuring bolts were always tightened in the same order, 
creating precision and repetitive motions, eliminating everything excessive (Spear, 1999).

Lean is based on the concept of products flowing through the development process with resources 
optimized after the flow, enabling flow efficiency. This allows for a pulling system where products 
are pulled when requested by the customer, in place of a pushing system that “pushes” products 
through the process (Clegg, 2004). An important note is that lean can be applied both in 
production but also in development where the consumers can be departments requesting designs 
from the design engineers. A lean approach would therefore allow the departments to pull the 
information needed from the design rather than having drawings pushed or sent to them. Modig 
(2012) adds that the only way to increase the flow efficiency without negatively affect the use of 
resources is to obviate the tasks that do not create value for the customer. 

As Clegg (2004) states, a large number of manufacturing companies has made efforts to implement 
pulling systems since the early 1990s, and according to Pyke (1990) no system was completely push 
or pull at that time. As technology has advanced, and with the emergence of MBD, new 
opportunities for implementing pulling systems are now possible, with clear benefits visible.

“Pulling systems have superior performance and are generally inherently easier to control”
- Mark, 1990

The new implementation of the philosophy can be applied in all hierarchical levels of the company; 
with the same output should the customers be defined properly. That way value adding tasks can be 
pinpointed and all value streams identified. It would create a flow without interruptions, specify all 
values derived from specific material or models, and let the customer pull value from the producer 
(Pawlik, 2013)
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4. Empirical study
This chapter covers the empirical research conducted at Scania and other 

companies in the automotive industry. That includes presentations, 
interviews, observations and company specific research.

4.1 Scania systems

The first course of action in the study was an extensive research on the systems used at Scania. To 
fully comprehend the information flow at Scania, it is important to understand how the systems 
work and what programs are used to forward information. These programs and systems would 
have to be to be altered in order to fully enable an implementation of model based design. 

Scania works after a number of guidelines which are all described in their R&D-factory house, see 
Appendix A. Their systems are designed to always put the customer in focus, with all tasks that 
create value for the customer being prioritized. All departments follow Scania’s Product Deve-
lopment Process, in order to coordinate and assure a certain standard and quality. They still have 
their own specialized working systems according to their area of expertise, and use customized 
programs accordingly. This has led to complications when collaborating between 
departments and has created obstacles for communication.

“If Scania is a table divided into departments, the different departments have chosen to form their 
part after their own needs. This resulted in them being unable to put the pieces together and you 

have to send information via bridges in the form of 2D drawings.” 
- Design engineer no. 2

This leaves room for improvement when collaborating between departments, through for example 
concurrent engineering, but also allows for greater challenges when implementing changes at the 
company. As explained in the Scania Product Development Process, Appendix B, one of the main 
goals is to provide a creative development environment through cross functionality and make it 
easy to share and update information in a well-structured model.

Modularization - One of Scania’s most well-known attributes. Instead of creating new lines of 
trucks every other year, each truck is instead created using a modularization system which enables 
a unique structure for every truck, creating a custom fit for every customer. Scania can therefore 
save resources using standardized parts yet still allowing for new designs on each truck, depending 
on what environment or task it will be used for. This shapes the development as it creates a more 
iterative process of design.

Dassault Systèmes - Scania currently uses software systems created by Dassault for their product 
development process. The main system is called a PLM system, referring to Product Lifecycle 
Management which controls how a company handles a product and its information during the 
product’s lifecycle - How it is developed, serviced, dismantled and recycled. PDM, or Product Data 
Management refers to the handling of the data concerning the product. The PLM system is called 
AROS but is being substituted for a newer system called OAS. The PLM system contains multiple 
subsystems for different operations with the most relevant for the thesis depicted on the next page.
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CATIA V5 -  When creating a part the designer uses the CAD system CATIA 
V5 to generate a 3D model.  

Enovia - After creating a component it is saved in a vault called Enovia.

KS. The Structure is represented in KS through the use of a map depicting 
what components are clustered together.
Only Product Coordinators are allowed to add components into KS.

Spectra. In order define how the product is outlined Scania use Spectra. By 
using multiple functions the program determines where the components are 
located.

GEO. When a component is GEO-published it takes up room in the virtual 
environment. This is to mark how much space the component needs and to 
ensure no components interfere. By publishing the component early in the 
development process interference can be detected and avoided in an early 
state. GEO is designed to enhance earlier changes, resulting in lower costs, in 
the same way MBD works.

“It is beneficial to receive feedback and GEO publish as early as possible.
This makes it possible to avoid collisions in the structure from the beginning.”

- Design engineer no. 1 

ECO - The Engineering Change Order is, as the name indicates, used to 
describe changes is products. It is used both to describe what changes is to be 
made to a product but also what changes has been made, why they have been 
done and what they will affect in the product structure.
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Another important part is the modules for the systems, for example FT&A is the most important 
module for the implemenation of MBD.

FT&A - The Functional Tolerancing and Annotations is a module in Catia V5 that allows the user 
to insert annotations in a 3D realm. FT&A is the most important module for the implementation 
of MBD. This is a holistic module, allowing a design engineer to display the same information on a 
3D article, including tolerances, measurements, surface finishing etc, as the design engineer would 
be able to do on a 2D drawing. Having a functional FT&A module is the pillar in using MBD.

 “All information needed is possible to add to the 3D model”
- Business IT analyst 

The illustrated systems are the mainly used systems at Scania. However different departments use 
different systems specified and custom made for their assignments. Among those are,

- Different CAD systems such as AutoCad and ExpertCad

- Different lightweight programs for viewing such as 3Dxml and PDF viewer

This creates communication problems as different software can handle different formats.

“Outside of Scania MBD is hard to interpret and a difficult process to understand. When R&D and 
Production use different systems suited for their own agendas it makes it hard for information to 

travel smoothly between the departments.” 
- Design engineer no. 1
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4.2 Data collection

In order to perform an analysis on the consequences of implementing a model based way of 
working the current situation at Scania was evaluated. The sequent step was to examine similar 
companies and certain departments at Scania that had reached a further stage in the development. 

The information found was mostly used to map out the situation at Scania, but also to aid in the 
search for quantifiable examples of costs associated with drawings, where for example the level of 
updating has been inconsistent. The results were to provide a more qualitative and concrete basis 
for justifying how much resources could be saved using MBD. An elaborated approach was to focus 
not only on how much could be saved by the key users, but to explore how much could be saved 
downstream in production or other departments. The following departments were evaluated and 
participated in the study presented in table 1.

Table 1. Departments selected for interviews.

Department     Quantity of interviewees
Design Engineers      6

External Companies      3

Product Coordinators      1

Service        3

Review        1

Product Introduction      2

System engineers      1

Business Analyst      3

Testing        3 

Final Assembly      2

Bodybuilders       1

Simulation       1

Purchasing       1

Digital Factory      1

Styling        1

Production       3

In order to analyze the findings the information gained during the entire data collection phase 
was divided into quotes and information matching the categories Benefits, Challenges, Need for 
change and Quantifiable data. The next step was to compare the responses from each participant 
and evaluate the results for each department in order to conclude the department’s specific position 
in the implementation.
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4.3 Scania

Within the Scope, the four main departments at Scania were investigated; Research and 
Development, Production and Logistics, Service and Purchasing, which are all in turn divided up 
into even more sub-departments. All departments were included in the study except for Sales and 
marketing as stated in chapter 1.6. Financial Services and Commerical Operations are not part of 
the Product Development of Scania and are therefore completely excluded.  The structure of 
decision making departments is outlined in figure 1 below.

Figure 1. The figure depicts the structure of the main departments of Scania, 
and their placement relative to each other.

The study focuses on examining the current status of information flows at Scania and how the 
different departments or sub departments are prepared for a transmission and implementation 
of MBD. The results were used to construct a map of information flow which stated what outputs 
of information was sent from different departments, seen in figure 2 on the next page. Tha map 
depicts the four main departments and their subdepartments, and outlines the communication 
channels as lines as well as what information is transfered. The map was used to pinpoint 
redundant information flow, and state what data different departments need rather than what they 
receive. The map was later used to construct a reconfigured flow of information using MBD, which 
was based on companies that have come a long way in implementing drawingless principles, as 
well as departments at Scania that have conducted pilots without drawings. The alternative map is 
presented under results in chapter 5.1.
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4.4 Implementation
The study was performed from a perspective were departments were evaluated both 

individually and as a whole. This allowed for the opportunity to see how both the company, 
as well as each department, could benefit from MBD and pinpoint the greatest obstacles 

and challenges.  The chapter contain the insights from the interviews where the 
dissadvantages of drawings are presented as benefits of MBD.

Scania has multiple sub departments in R&D, where the main focus of the study has been on design 
engineering, as they create 3D models. Design engineering can refer to multiple groups, based on 
what part of the vehicle they focus on. By using the CAD system CATIA the Design engineers 
creates a 3D model, depicting a certain component, and creates 2D drawings based on the model 
where he then adds tolerances and material amongst other metadata. The design is peer reviewed 
and sent on to a Product coordinator to be added into the KS - Structure. This allows for the 
component to be GEO published and mark the space it needs in the environment of the truck. The 
component can then be used for simulation and calculation as well as physical testing. Before being 
finalized and made eligible for SOP, the component has to be examined by a senior member of the 
staff at review.  

Research & Development

Design engineers

The R&D department host the design engineers and is responsible for designing and updating both 
new and old 3D models as well as 2D drawings. This results in them being one of the groups most 
affected by the use of MBD. The design engineers would in the event of a change be in need of new 
system outlines or licenses that empower them to add tolerances and other necessary information 
into 3D models. The designs are forwarded according to the map, see figure 2.

“I communicate with the reviewing service, purchasing who makes prototype purchases by sen-
ding out a tender. I also communicate withProduct coordinators, Calculations who make strength 

or fluid calculations, and Production who decides how, when and if it should be produced.”
 - Design engineer no. 1
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Benefits

The use of drawings has a rich history but has been modified and made more user friendly with 3D, 
it is easier to grasp designs and easier to modify as a single content. 

“Everything made digital is easier, easier to modify”
 - Design engineer no. 1

The 2D originates from the 3D model; it is therefore not optimized for drawings and advanced 
designs as for example castings are hard to describe using drawings. It would therefore be an 
advantage to use MBD.

Allowing others to see designs early makes it both easier for them to adjust their designs 
accordingly, as well as allowing people to give feedback early and changing the design after others 
needs as well. It also makes it easier both to create the design and for others to use it. If something 
is missing in a capture the user can easily find it in the 3D model.

”It is hard to make appropriate views with all measurements while 
at the same time trying to minimize the amount of views”.

 - Design engineer no. 3

In order to fully describe designs to other departments, both drawings and models are needed. 
As the 2D contains all information, the 3D is still often needed in order to describe the designs 
geometry. It creates extra material that needs to be maintained and updated as changes are made.

“As mentioned before, the biggest waste of resources is maintaining two 
sources of information, and the waste that occurs when details are wrongly 

produced due to ambiguous information between 2D and 3D.”
 - Design engineer no. 2

Challenges

According to key personnel at Volvo involved in the transition to MBD, the design engineers face 
the most extensive change in the way of work and also risk being distributed more work.
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To emphasize and examine the difference between working with MBD as opposed to Scania’s 
current methods a design engineer at Scania with experience from working with MBD at a Boeing 
project for Saab Aeronautics was interviewed.

The largest differences were the tasks and time spent on objectives. At Scania many meetings are 
held with different stakeholder while at Saab the cross-functionality came automatically 
downstream, allowing 6 hours for constructing CAD for every hour at Scania with the downside 
of the design engineer working solely with constructing CAD and not being as involved in the rest 
of the process. The cross-functionality still increased in both R&D and towards other departments.

“It’s very clean and easy to understand in 3D, it’s more intuitive.”
- Design engineer no. 5

Every design engineer worked together with one person from simulation allowing more 
simulations and calculations while discarding testing. This allowed for 100% implementation of 
MBD and the use of solely 3D models. This made the process of creating material faster and easier 
to share. With the use of general standards no drawing were needed. The designs were released 
earlier and late changes were made easier as only one material had to be altered. With the 
shortened lead-time concurrent engineering was increased and would improve the handling of 
changes, according to the interviewee.

Benefits

MBD works faster, it is easier to share, no need to create drawings.

Challenges

Less feedback, welding cannot be simulated, less varied tasks. A strict and united way of working 
is needed.

Design engineering with implemented MBD.
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Cab Structure - 
Design engineering department specializing in the use of 3D

One team of design engineers use 3D modeling to the fullest extent, Cab structure. Due to the 
outline of their designs they can be fully described in 3D, rendering 2D drawings unnecessary. 
However because of the 2D master currently being used, they still have to present and communi-
cate the designs via 2D drawings.

“ We create 100% in 3D but publish in 2D.”
- Design engineer no. 4

It was explained that the published 2D had annotations, with the prints “see 3D for dimensions”, 
as the dimensions of double curved surfaces could not be represented in a 2D drawing. The 2D 
document is still the master document.

Benefits

The benefits of MBD are most apparent at the collaboration between Cab and Body. As Body is 
able to receive and handle 3D material it has led to the methods of MBD being utilized between the 
different sub-departments. This has led to enhanced concurrent engineering and fewer late changes 
in the development.

“The cooperation with Body has made tangible differences. 
There are a lot fewer changes made late in the equipment used at body compared
 to when using 2D material. This in turn leads to better quality in shorter time.” 

- Group manager of Cab

“The use of 3D has led to fewer late changes.”
- Design engineer no. 3

One example of the benefits using MBD is that chains of tolerances can be created earlier. As 
components are put tighter in newer products more and more tolerances are placed in the same 
areas. Today the tolerances are placed manually from 2D material; while with MBD they would 
already exist digitally, removing wasteful manual work

“Chains of tolerances are not shown until you see the environment”
 - Design engineer no. 1

If there exist more than one drawing, which is standard, and changes are made on one level but not 
on all, it requires quality assurance at all times despite the level of occurrence.

Depending on what level of part is examined, MBD contain different amount of benefits. Looking 
only to creating the part files there is little to be gained as some views still needs to be created using 
2D, as it is needed for constructing the 3D. 

“Within the NCG-project it is remarkably strict when trucks are to be built and all gates are 
depending on when the trucks are built. One could easily design gates for virtual test steps, 
provided the virtual is more reliable from the start. That would save a lot of time at NCG, and 
reduce the staff from 100 people to 50.”
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Challenges

Examining some preparation functions in Oskarshamn, where 3D was the master, only about 20% 
could handle 3D material. They were not used to using that kind of simulation tools as it was 
deemed difficult. It could be easier to stand in an assembly hall and just see it firsthand. 

The efforts and need for competence before giving positive results can be extensive within areas 
such as for example ergonomics. 

Figure 3: Information flowing in or out from Design engineers
More info can be seen in figure 2.
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Product Coordinators 

The product coordinators are responsible for adding the new designs into KS, which describes how 
the trucks are structured, see chapter 4.1 Scania systems. They are an important part in the 
implementation of MBD as their assignments would need to be restructured due to the new layout. 

Benefits
 -

Challenges

Would MBD be used it would not be possible to create drawings and thus the ECO, without first 
having it GEO published. MBD would therefore prevent work from being conducted in the same 
manner and the use of KS would need to be restructured.

“An article can’t be built before it is added to the database, a catch 22.” 
- Product coordinator

It is uncertain how an implementation of MBD would affect the product coordinators as some of 
them do not currently work directly in 3D, but are involved in the process of publishing designs. 
The opinions differ on how the coordinators assignments would be altered and how this would 
affect the structuring in KS. According to personnel with experience working with MBD at Saab, 
more product coordinators would be needed to cope with an increased workload as Aros/OAS is 
hard to control through Catia.

Although it may seem more troublesome for the Product Coordinators to use MBD as the transi-
tion includes a change of working method, it was mentioned that some departments with Product 
Coordinators at Scania already use 3D and it could result in improvements.

Figure 4: Information flowing in or out from Product coordinators
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Review 

The Inspector is responsible for examining the designs and ensure they are correct and up to 
standard. In today's structure only 2D drawings are examined. There is no review on either the 3D 
material or on whether the material coincides.

The process contains of the design being peer reviewed, reviewed by a superior and ultimately 
reviewed by by a senior employee at review. Should he or she promote the design it is sent to the 
archive, rejected components go back to the beginning.

“Another waste of resources is the reviewing process.. .. When the drawing reach the final step, it 
still risks being sent back to the beginning, as they can’t make changes on the spot in 3D format.” 

Design engineer no. 2

Benefits

Depending on how well the MBD system technically performs, the process of reviewing is likely 
to be improved to different levels. 

Challenges

It is uncertain if the workload will be increased or not.

Figure 5: Information flowing in or out from Review
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Testing

In order to fully conclude the functionality of a component or an assembly physical testing is 
required. To construct the testing rig the personal need 2D drawings or captions from the 3D 
model in the form of PDFs. This is acquired from the design engineers 

Benefits

In order to test interference it is the design engineer's job to add the colliding parts into the 3D. This 
means that the faster it is added into the 3D, the sooner the tests can be conducted.

Should the test team start early there is not always 2D material provided, only 3D models. Should 
they however start their tests later, a separate assembly order might be requested, with for example 
torque on bolts. This is a double job that will need to be done later in the process as well. With 
MBD, the issues of double work or lack of material would be resolved regardless of starting point.

A normal complication is that they send the wrong 3D as there are different versions. The most 
critical error is when the wrong product has the wrong article number. At a single occasion it lead 
to a three week delay of the tests, and could have been prevented with better basis.

Challenges

In order to implement MBD the mechanics are those who would have the biggest difficulties. 
Today, testing wants to work in 3D yet the mechanics are unwilling, especially those working at 
Cab. The mechanics do not want to handle 3D but prefers to assemble it themself, the alternative 
being using 2D drawings. 

Figure 6: Information flowing in or out from Testing
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Simulation and calculations 

Every group of design engineers also has a group for simulations and calculations that conduct 
digital tests on everything from strength to fluid dynamics for the components and designs. In the 
simulation group examined, no 2D drawings were used but solely 3D geometries.

Benefits
A normal problem today is that they receive incorrect models, despite the fact that they are 
dependent on the material. In order to determine the source of the error they iterate the 
troubleshooting during scheduled meetings with the design engineers as well as mail 
correspondence.

Despite the use of exclusive use of 3D models they still have to request 2D drawings in order to 
determine the material of the product. This is done by either communicating with the design 
engineer or making qualified guesses.

Determining the weight of a truck takes around 2 days. The information is contained in Aros but 
time and resources are wasted as around 20 articles need to be examined and time is spent 
founding article numbers or communicating with the design engineers. It is therefore hard to 
estimate the weight in 3D and it is often excluded from calculations in FEM.

Challenges

 - 

Figure 7: Information flowing in or out from Simulation and Calculation
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Bodybuilders

Scanias modularization structure enables different variations that suits different tasks and purposes 
which makes the majority of their trucks unique. In order to suit the trucks for specific areas, 
independent or company contractors add additional equipment for e.g. fire trucks, which is not 
produced by Scania. Body Builder Information works with providing information for the 
contractors and aiding in convincing them to advocate trucks from Scania. Customers approach 
the Body Builder service to conclude what car is to be built, e.g. gravel, construction, post or 
garbage trucks. The Body Builder service searches the database or contact Sales and Marketing and 
present a tender.

Benefits

Should the 2D material not contain enough information the contractor could be more inclined to 
recommend other truck manufacturers due to the lack of 3D models, resulting in lost sales.

The Body Builder information service at Scania use mainly 2D drawings but would prefer to 
increase the use of 3D as it offers more details. For example when using today’s methods it is not 
possible to obtain a front view, which would easily be obtained using 3D. The use of Model based 
definition would improve the services but the system today works “well enough”, which prevents 
them from actively advocating a change although there is room for improvement. 

“It is noticable that competition has better systems, as they can use 3D, 
which is something customers often require.”

 - Head of Product Information

The use of a model based system would contribute to tasks being conducted automatically. Instead 
it is today performed over and over again as it is not optimized to be conveyed in 2D. 2D requires 
the personal to manually examine all components to determine whether the change in one article 
affects others. With the use of 3D, the system would alert if the articles interfere.

Challenges

To build and maintain a structure in 2D takes a lot of time, and maintaining two different contents 
of 2D and 3D would require resources they do not possess. The descriptions of the product have 
to be complete, updated at every instant and not contain any blind spots - it has to describe the 
entire product. Before a transfer to using 3D could be possible the system would have to be ready 
to go from the first moment. In today’s systems only the 2D material is updated, which means all 
3D content would have to be updated before the system could be operational according to the head 
of Product Information.

Three parts in Cab result in 60 different models (3x5x4), while in 2D 3 parts would result in twelve 
different combinations (3+5+4) and therefore put less strain on the system. According to Body 
Builder information services the challenges would not increase using MBD but all info would be 
collected in one location and with the help of visualizing the correct information in could benefit 
the entire department.
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Q-team

The Q-team is responsible for the cross-functionality between design engineers, quality assurance, 
establishing contact between purchasing department and other departments, amongst others.

Benefits

The Q-team has noted a few benefits of Implementing MBD. For instance, the size of the 2D 
drawings may be enormous, where it produces logistical issues. For instance, there may not be 
enough room to display the whole drawing, or the overview of the drawing becomes very 
inefficient to interpret. This time would be saved in different aspect if the drawings were to be 
replaced with 3D models, as they are easier to interpret, and also easier to create. 

A case where 2D wasn’t sufficient was also presented. In this case, the supplier had missed the 
attached 3D file from Scania and only used the available 2D material in order to manufacture the 
part. The 2D material did however not depict a sufficient description of the article, which caused an 
error once the manufacturing was about to begin. In this case, neither the design engineers nor the 
supplier was at fault. The error was fixed prior to manufacturing, only requiring tens of additional 
hours in work time. It was concluded that the use of a 3D model, or simply MBD, would have 
prevented them from occurring in the first place.

Challenges

Scania cannot yet fully rely on 3D models in some departments as they are not always synchronized 
with the 2D. The interviewees explained a scenario in which the personnel in product introduction 
use the 3D models to assemble the articles that are intended to be test-assembled. The articles do 
not always match the 3D, complicating the assembly process and resulting in the personnel having 
two sets of mounting material to cross-check. This can further cause issues in SOP and series 
production. It should be noted that these issues are related to the actual implementation of MBD, 
on not the projected use of MBD.
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Production & Logistics

Production consist of the assembly line, but also a development line where assemblies are tested, 
digital build, preparation for assembly, processing and other sub departments. One of the first 
departments in production to obtain designs is Product introduction. There, the parts are tested 
through both simulations for assembly and through the development line before the design is 
finalized for full scale production. 

When examining the consequences of MBD in production, there are multiple levels to take into 
account. MBD can be assessed on a part-level, how the use of FT&A and containing all information 
within a 3D model affect the development, for example through the direct use in NC machines. 
It can also be assessed from a larger perspective which is more relevant for production, as to how 
parts are assembled in both Assembly requirement model and Enquiry requirement models.

Benefits

In order for all parts to be finalized on time, Product initiation has to start their work at an early 
state. For this to be possible, designs have to be published early, offering them the opportunity to 
give feedback. MBD would allow for publication of designs and changes as soon as they are made 
creating a platform for instant feedback. According to organization statutes at Scania, the design 
has to be submitted by the design engineer at a state called MS2. The work conducted by product 
initiation would benefit from access to the designs earlier than MS2, both as earlier changes reduce 
costs but also as they lack the resources to create a truck should everything be submitted at a late 
stage. Despite this fact, there is often material missing by the deadline. 

“At times design engineers are unwilling to publish their design, which leads to all designs 
being released the last week which works destructively against concurrent engineering” 

- Project Engineer, Digital Factory

All design engineers participating in the study claimed that early feedback was always a positive 
factor. It was stated that all designs were released as early as possible, a statement not shared at other 
departments, claiming some designers releasing publications late in order to correct as much as 
possible themselves and avoid deviation reports. Regardless of which department is right, the use 
of MBD would facilitate earlier publications.

“Some design engineers linger with their publications as to avoid deviation reports.”
- Employee in Product Introdution
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The personal at product initiation are not aware of what parts is to be submitted as they do not read 
ECO:s. This causes problems both in the development line, but sometimes also in the production 
line, as parts are submitted in later stages, without any automatic warning from the system. This 
could result in for example attachments not being able to be assembled according to standard. 
There are multiple other factors contributing to changes being made late in the process. Seven 
groups conducting simulations and calculations has to wait until design engineers GEO-publish 
their environments before they can start, this creates tasks that could have been done earlier in the 
process.

When further analyzing the need for change in production four major problems in the currently 
used structure stand out.

- Design engineers make changes on a different article number than the ones being purchased.

- Different Geometrical Positions, GP’s, are incorrectly located in KS due to manual mistakes. This 
problem is created when purchasing needs to acquire assemblies as multiple parts while the design 
engineer might construct them as a whole. Assembly drawings with placed articles are on a 
compilation level rather than purchasing level. The problem is that it is not possible to split articles 
in Delmia Viewer. It is still functional for virtual assembly, but it does not work for purchasing as 
they need to acquire the parts separately.

- GEO models are missing. Many parts are not GEO published.

- Model based engineering is not directly connected to the use of article numbers but could greatly 
improve the methods for publications, aiding in for example troubles where parts are missing. 
By having one source of information it is easier to ensure publications of designs and to eliminate 
the issues before they occur. It could also aid in the user friendliness of the systems as more 
functions could be added, mentioned in the quote below.

“The use of MBD could give more information than what is shown in Delmia viewer.
 It could be added what torque to use or similar functions straight in the design.”

-Team Leader no. 1, Production

According to a manager of Production, there are no apparent obstacles to overcome in regards to 
transitioning to MBD, and no other issues were raised.

”I do not see any trouble with abandoning 2D drawings and completely work from 3D material.” 
- Manager, Production

Challenges
 - 
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Preparation

When sent to Preparation the parts are processed through Mona which creates mounting drawings 
for the line that describes everything from what bolt is to be used and with what torque it should be 
applied when attached. The drawing is printed and used on the line to assemble the vehicles. 
Any deviations are sent back to the design engineers in FRAS.

“Creating drawings in Mona requires manual efforts 
which could be countered by a digital and collective database.”

- Product preparator

Benefits

Creating a system where information is retrieved instead of received, meaning that stakeholders 
download their material themselves from a single source of information used by the entire 
company would benefit a number of functions. Typical errors that occur are that the wrong number 
of articles is received. The greatest demand however is better quality gates in order to determine 
what can be done to secure or verify that things are correct before building a physical truck, such 
as controlling that the structure is ok. 

Another problem is that the holes in the frame structure are incorrect. When parts are placed the 
holes needs to be drilled again in the correct location. This problem is due to the design engineer 
not having the time to test all modules, resulting in errors

Challenges

Preparation does not work with either 3D or 2D drawings as they use Mona. They therefore deem 
that they would not pose a challenge when changing the systems.

“The only personnel using 3D are those who mount digital test fitting, 
which are unique, making 3D a smoother alternative.”

- Employee at Final Assembly

Figure 8: Information flowing in or out from Preparation
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Processing and Production Preparation

Processing and Production Preparation works with the realization of the articles produced by 
Scania. By that, the department has to take into account of the tolerances that are set on the articles 
intended to be produced. 

Benefits

In today’s working method, there is redundant work between Processing and Production 
Preparation and R&D since the former cannot reuse the 3D articles made by R&D. This is because 
R&D creates all their articles in nominal measures which in turn make the articles unusable to a 
large extent for the recipient. The interviewee believed that if the 3D models were parameterized it 
would yield a higher rate of reusability. Furthermore, the interviewee also believed that MBD could 
be the solution to this, as it would induce even more focus on the quality of the 3D model, rather 
than focusing on the 2D which is not reconfigurable to the same extent.

The use of MBD would also reduce a lot of waste in terms of drawings since they today use in 
process parts. In the use of in process parts, one drawing must be made for each step of the process 
of manufacturing an article. This can result in 60-70 drawings per article, which would be nulled 
with MBD.

Challenges
 - 

Figure 9: Information flowing in or out from Processing and Production Preparation
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Global methods for production 

As stated earlier Scania focus on creating an effective development process. In order to establish 
effectiveness in production, Global methods for production advocates a more digitalized way of 
working, both when conducting work and during the learning process. 

Progress moves towards a more digitalized way of working and other companies are fast to take 
advantage. Vizendo, creator of virtual operator training solutions for the manufacturing industry, 
train personnel in production using 3D material. This accordingly leads to a 50% faster learning 
process, and the company is hired by Volkswagen among other automotive manufacturers.

Benefits

Up to between 60 and 70 drawings can be created for every component. It is believed that Digital 
Garage would experience the same benefits from using MBD. Other areas that could improve are 
different testing groups. When for example ordering cabling for tests, it takes 6-8 weeks just to 
receive the cabling. In a virtual environment it would only take a few days, and another couple of 
days to finish the testing. A third area of improvement could be when painting the trucks. Paint 
workshops have to stop production to test, or alternatively work during the weekend, while with a 
3D model they would be able to work simultaneously. In the worst cases the component does not 
exist as a 3D model, for example shafts can instead be symbolized by a cube, which is not possible 
to use for test painting.

“Everybody would benefit from MBD and it could be used for further development
 such as instructions built into augmented glasses.”

- Global methods employee

Challenges
 - 
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Purchasing

When ordering material and components from suppliers, the design engineers send 3D models 
and 2D drawings to Purchasing, describing what is to be ordered. Purchasing proceeds to send out 
offers to suitable suppliers and negotiate the best prices. 

When the material is sent to Purchasing it goes through MATRIS, a program converting the files to 
desired formats; 3D models are converted to STEP files and drawings are prepared for 
supplier workshops. The material is then customized depending on what the supplier needs and 
what equipment they have. Despite the use of 2D as legal document both drawings and 3D models 
are needed to describe the product entirely.

“Both puzzle pieces are needed to fully describe the product.”
- Review Employee

Benefits

An important part in describing the possible benefits of implementing MBD is to investigate the 
need for change such as problems or flaws currently occurring.

A common problem that occurs in situations today is when the design engineer does not ensure 
that the 2D is complete. This could be due to negligence but also because of a wrongful conception 
that all suppliers can access the information in the 3D, despite the fact that some suppliers are not 
even able to see the 3D models. This results in incorrect parts being ordered or waste of time as 
designs need to be reviewed and reworked.

An effect from the use of two different sources of information is that some information is added 
to only one of the materials (2D or 3D), creating irregularities between the two. The 3D model is 
often wrongly dimensioned as changes have been made in the drawings. It also does not contain 
patterns, covering, materials and changing nuts. This is referred to in the quote below and results 
in the production of incorrect components.

“In multiple cases the 2D drawing contain the correct information, purchase then forwards the 
drawing together with an explaining 3D model to the suppliers. The suppliers then proceed to 
produce from the 3D model with NC-machinery, which is not concurrent with the 2D, and wrong 

components are produced.” 
- Business analyst, Business development
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When ordering material, tools are included in the order. This can, for example, be to create patterns 
on the surface. The suppliers then examine both the 2D and 3D materials provided. Should these 
not coincide it could amount to the surfacing not being performed. Examples like this are not 
uncommon as there currently is no department designated to monitor if 2D and 3D coincide. 

“With MBD only one material needs to be downloaded, 
without having to determine if it matches” 

- Head of purchasing, Purchase

If a model based system would work, it would allow for one single base of information to be used 
and no matching between 2D and 3D would need to be conducted - no ambiguous information 
would exist. If only one content with master information would be sent, the suppliers would be able 
to see requirements for the product or surface treatment in a much simpler fashion than today. The 
supplier could also be able to adjust what is to be shown in regards to after treatment or materials.

“Ambiguous results as well as material disappearing can occur when 3D and 2D material is sent to 
suppliers. If articles need to be changed at the suppliers, mail correspondence follows. It is however 

often things that are missed, and for example tools are constructed improperly” 
-Reviewer, R&D

Purchasing also predicts improvements in other areas that would benefit the entire company. The 
use of MBD would create more accurate 3D models at an earlier phase of the project. This would 
lead to a greater number of simulations of better quality to be conducted. In current states testing 
with New Cab Generation, NCG, works as a bottleneck. 

“Testing with NCG would be better facilitated with the use of MBD as this would allow a greater 
number and more profound software testing.” 

- Head of purchasing, Purchase

Situations not directly connected with MBD could also be affected as some systems and methods of 
working would need restructuring. A normal problem that occasionally occurs is in KS. 
When downloading components the entire surrounding risks following. If this is not discovered by 
purchasing, which it often is, wrong components are ordered. The methodology of how 
components are downloaded would be considerably affected by MBD and could contribute to 
solving the current situation.

“The use of Model based definition would be great in the best of worlds. 
Purchasing is however skeptical to if it could work as it is hard to extract all information”

- Head of purchasing, Purchase
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Challenges

The emerging complications following the implementation and use of a model based way of 
working are often closely related to suppliers as they use different systems, and they pose one of the 
biggest challenges. As purchasing is the link between Scania and the suppliers they are exposed to 
some of the largest challenges in the implementation. 

Advantages with working in 2D are that it is possible for all to use it and it includes all information. 
The challenge in phasing out the 2D system would be to ensure easy access, and extraction of all 
information and making it possible for suppliers without computers to manufacture the parts. This 
is difficult as a number of suppliers lack the resources to use 3D models. It would need to be 
adapted to both the most high tech user and the one without a computer. What is requested is 
instead a link system where the supplier could download the material they need, 2D or 3D. 

“Even if only 1% of suppliers lack the capabilities to handle 3D I would be unwilling to change.”
- Head of purchasing, Purchase

The benefits keeping the current state and a 2D master is that everyone is able to use drawings. 
It also contains all the necessary information as it is now the legal document.

Figure 10: Information flowing in or out from Purchasing
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Service

Service is in charge of after market and the spare part catalogue at Scania. One of the most 
important assignments is to examine if designs are easy to disassemble and send information back 
to the design engineers with suggestions of how to change the design. In regards of concurrent 
engineering this is a perfect example of downstream departments that could benefit from MBD as 
the tasks are best conducted early in the development process, in order to avoid late changes. 
Service has completely discarded the use of drawings and works solely on the basis of 3D material, 
this requires their models to be updated and correlate with the legal documents.

Benefits

The main problem today in the service department is the receiving of incorrect 3D material which 
has not been updated. Due to this, the personnel at service have to continuously communicate with 
the design engineers only to ensure that the material they are to work with is up to date, resulting 
in a vast waste of time and resources. 

“Service has a big waste as they often look on the wrong material. They have to check with the 
design engineer if the material [3D model] is updated. I am convinced that the work would flow 
better using MBD, uncertainty would be removed, and we would always have an up-to-date model. 

Today it always has to be confirmed, and even then errors occur.” 
-Group Manager, Service

A quality assurance process is needed as material is missing or not updated. In the worst scenarios 
the design has to be changed, and not discovered until as late as SOP3, Scania’s final step before 
Series Production. By that time, the errors have existed for years, and have not been discovered due 
to lack of cross-functionality in the process.

“It would reduce waste, knowing that the material is correct. Correct length of the screws and
 quality assured material. It is important that we work on the correct material” 

- Development Engineer, Service
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A series of smaller problems also exist and is likely to benefit, considering that the structure of 
working methods change:

 -  Poorly positioned components create a series of problems.
 -  The large selections of brackets and fasteners have several combinations that are not        
 feasible - Current systems lack the tools to show fasteners, resulting in a variety of errors.
 -  Hard to connect between programs what is reusable.
 -  Occurrence of screws being unreachable resulting in a long process to disassemble.
 -  Components are missing in GEO.
 -  Incorrect models, incorrect publications.
 -  Delmia does not support cables and hoses.

Estimations and projects - There has been several attempts to quantify how much time and 
resources are wasted due different mistakes, such as wrong brackets or screws missing or non-value 
creating processes. The different tasks depicted in figure 9. According to one of the participants 
from Geometry and Assurance department in R&D, the operation of both Fasteners and Material 
Data can be disregarded if the 3D is used as a legal document as the operations must be carried 
out in order to be published. A pilot was carried out with Geometry and Assurance and Service, in 
order to establish the amount of waste that was present. Figures from this pilot shows that out of 
110 hours, 16, 5 hours would be saved from the fasteners operations, and 3, 5 hours would be saved 
from material data operation. This totals to roughly 18% saved time seen in a 
cross functional perspective. These superfluous tasks are also mentioned by the Simulations and 
Calculations department.  

Figure 11. Operations performed by different departments. 
Grey labor is considered to be value creating-tasks. 
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Business Development 

Scania works continuously to improve its organization and has conducted multiple projects similar 
to this thesis, and developed methods through for example Business development. The projects 
mostly related to MBD were Supplier Drawing Mix-up where they investigated the consequences 
of ambiguous materials, as well as a project investigating the communication between Design 
Engineers, purchasing and the suppliers. 

“Supplier Drawing Mix-up targeted two errors; when sending information to suppliers,
 information disappears as it is converted, and when information is sent by email 

- most common being the loss of data when converting. 
This has resulted in multiple mix-ups and ended in wasted resources.” 

- Business analyst no. 1, Business development

One of the most important aspects in software and working methods at Scania is virtual trust - 
being able trust the virtual material to 100%. As Scania uses two sources today, both 2D and 3D, the 
same thing is defined twice. This is the basis for a number of problems and gives negative results 
for the consumers, and by this lowering the virtual trust. By achieving virtual trust through MBD it 
would be possible to conduct simulation based tests more accurately. To achieve this it is important 
to have one homogenous methodology for working.  

“It’s important to focus on how the tools and methods are use. 
- One standardized way of working instead of today’s 1500 ways.”

- Business analyst no. 2, Business development

The methodology currently used contains many different interpretations which results in 
different levels of quality on the drawings and “dead material”. This refers to for example a bracket 
that weighs 65 grams in the drawing could weigh 1.5 kg in the 3D model. This is due to the 
surrounding being taken into account as well, or the material being given the density of water 
automatically. This happens when no material is added to the 3D which is the standard course of 
action. Ambiguous content contribute to a lack of quality in the models.

“Scania needs to focus on what quality is for the different departments and for the consumer” 
- Businees analyst no. 2, Business development

For the introduction of MBD there will have to be clear and commonly accepted methods and 
routines. MBD is an iterative process based on users being able to subtract relevant information, 
where an article is revised multiple times early in the process, creating higher quality on a shorter 
time. 

“Today a lot of wrong information is being sent. - Too little or too much. 
It’s important that the flow is based on the demand.” 

- Business analyst no. 1, Business development

MBD would be a great solution for this issue, as it allows for a downstream line of information, 
rather than upstream.
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4.5 External Companies

As stated in the scope, several other companies of interest would be interviewed in order to 
produce a broader perspective of MBD. The chosen companies to investigate, outside of Scania, 
were Volvo, Saab Electronic Defense Systems and Volkswagen. The reasoning behind choosing 
the three external companies was that they should be in the automotive industry, as well as being 
connected to a MBD-way of working. Even though all the companies have stated that they work 
based on the principles of MBD to some extent, each one of them has chosen to name the wor-
king method differently in order to more accurately reflect their own unique environment.

Volvo Car Group is a Swedish based premium automobile manufacturer, located in Gothenburg. 
It is owned by different subsidiaries of Zhejiang Geely Holding Group, China (Volvo, 2016). Volvo 
are today implementing two methods related to MBD; Template Based Process, the normalization 
of standardization 3D models, and 3DPMI, the full use of 3D master level, not including the usage 
of 3D models as basis for simulations.   

The foundation of the method is based on increasing the cross-functionality and lowering the lead 
time. A way of thinking in order to keep track of the information-flow between different 
departments, as a representative from Volvo phrased it;

“Where does my information come from, and who will further use my information and geometry”
-Business Application Manager, Volvo

As of today, Volvo estimates the implementation of Template Based Process amount to 80% in the 
organization, whereas 3DPMI has roughly reached 50%. However, it is estimated that 3DPMI is to 
be fully implemented during the year of 2017.

MBD as a philosophical concept in an organization is profoundly rooted within every department. 
Because of this, it is almost impossible to actually backtrack the actual outcome of 
implementing a MBD-method according to the interviewee. The fact that it also alters the 
information flow between departments and compresses the lead time between different 
departments also complicates an evaluation of the change of efficiency. 

Volvo Car Group
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Although it sounds complicated, it was not hard to carry out the actual implementation in regards 
to the design engineers that applies the measurements in the 3DPMI methodology, as the main 
principles are the same.

Volvo has, despite not being able to analyze each department individually, noticed an increase of 
efficiency of 10-20%. Overall, 2-4 weeks of a 20 week sprint is saved in time of documentation. 
According to Volvo, Dassault have reported their own findings to be as high as 25-50% in saved 
time in unspecified departments.

Not every benefit is as easily measured as the saved documentation time. For instance, one of the 
main benefit is that the information is unambiguous since there is only one document to keep track 
of, in relation to the old system which required an iterative update of all the documents linked 
to each other. As an effect of not having to keep track of multiple linked documents, the level of 
cross-functionality is increased drastically, allowing for other departments to take part of the work 
of others. This is crucial for Volvo, as it allows for changes earlier in the projects, which in turn 
reduces the cost of changes drastically, see fig 10

Figure 12: The image reflects the cost for EC’s in in terms of time and the amount of issues re-
solved. It compares the three methodologies; Concurrent Engineering, Digital Engineering (not 

discussed in this thesis), and Traditional Design.

The reduction of the amount of papers may seem like a trifle, but in an organization of Volvo’s 
magnitude, the exponential amount of papers contributes to a lot of administrative work, as well as 
implying additional work for the suppliers - increasing the cost for Volvo to outsource 
manufacturing.

The ongoing implementation did however not come without any resistance, as there have been 
several matters that have needed attention. When working with drafting, there are often 
co-workers reviewing the drafts, before being published internally. The process of reviewing drafting 
has been exchanged to reviewing the 3D documents, as well as having an automatic 
system called Q-checker. The use of Q-checker has caused a lasting battle between the engineers 
who feel the Q-checker invokes ineffectiveness, thus trying to find loopholes in the system. At the 
same time, the IT-department works on finding ways to cover the loopholes. 
Another drawing-related issue that aroused is that header-annotations have to be manually drawn 
in CAD; it is not possible to type the text with the current system.
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The majority of the issues that are connected to implementing the 3DPMI system are related to the 
suppliers that are manufacturing parts. Since Volvo does not want to risk leaking trade secrets to 
competitors, it is of high importance to conceal as much information as possible on the 
3D-models sent to suppliers. This is a delicate process, as a lot of information is in the borderland of 
what a trade secret is, and what information can be isolated from the supplier. In addition to this, it 
is important to keep in mind that the Catia Licenses are very expensive and is therefore something 
that is not to be expected of a supplier has access to. On account of this, the use of lightweight 
reader-programs is very viable. Volvo’s official recommendation is to use Siemens JT2Go-software, 
as this fulfills the supplier’s needs, as well as allowing them to extract their own measurements from 
the 3D drawing. This in turn reduces the need for superfluous communication in case the design 
engineer in question has missed to appoint all the measurements.



48

Saab Electronic Defense Systems is a subsidiary to the Saab group. It was founded in 2010 with 
focus area of surveillance and detection systems. Saab are currently using MBD, but refers to it as 
Model Based Enterprise - MBE - as it’s supposed to cover the whole organization.

As with both Volvo and Volkswagen, Saab decided to implement MBE as a result of not wanting 
to fall behind competitors. Even without measureable data, there have been notably good effects 
on the implementation. The implementation have not however come very far in Saab Electronic 
Defense systems, but input has been received from another subsidiary of Saab, Saab Aeronautics, 
where they use MBE to full extent.

Even though it is, as stated at Volvo and VW, impossible to track specific numbers from different 
departments or the whole organization, several benefits were listed by Saab.

- Process of updating parts and assembly is facilitated since all information is collected in  
 one document.
- FT&A is simplified, also due to the accessibility of the information is increased.
- Easier to backtrack changes that have been made - The tools in the PLM system allows  
 to see previous changes made, and it makes communication with suppliers and   
 production less ambiguous.
- Improved quality - less production mistakes are made which lead to lower rate of faulty  
 products.
- Higher level of Concurrent engineering - other departments are able to take part of the  
 work from the design engineers, which decreases lead time and increases input early in a  
 work cycle
- Continuous and earlier feedback due to higher level of concurrent engineering
- The compilation of the BOM-list can be initiated earlier
- Purchasing department strongly benefits from the backtracking-log of changes since it’s  
 vital information to pass on to the suppliers.
- Some suppliers inquire to see the whole assembly/mounting process of an article, which is  
 very hard to illustrate in 2D due to the tremendous amount of drawings required.

Saab Electronic Defence Systems
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Challenges

Saab mentions that it is of high importance to have a thorough plan to follow when implementing 
a new methodology as MBE. In every transition there is always some loss of information, and 
discontinuity in the learning curve, see fig 11. Even though MBD is intended to increase knowledge 
and listed benefits over time, there will initially be some loss of information and resources initially. 
The amount of lost information and resources is wished to be reduced as much as possible. 

Figure 13: the figure displays two scenarios in which the amount of information and resources 
that are lost in a transition between systems. Information - Time, change of systems, red not 

controlled, blue- controlled and well prepared.

Information

Time & resources

In the transfer to a system of the MBD character (increasing the integration in the organization), 
a reduction of the information loss comes automatically

Having an information flow from the 3D model in a downstream model with a pull system has 
generated a new challenge for Saab. It is unwanted for the department to take part of information 
that is not intended for them. Saab has solved this by dividing the downstream information distri-
bution into 15 stages. Different actors and departments are deployed at different stages in order to 
reduce the amount of superfluous information received. Feedback that is then transferred back to 
the design engineer is also set into different phases in order to meet deadlines and attain to a 
controlled environment of the information flow.  A simplified overview of the today’s system, and 
that of which would be achieved with MBD can be seen in figure 12 and 13.

There are also other benefits that are more subtle and long-term that Saab mentioned; the use of 
state-of-the-art methods reflect well on a company and can have a tendency to attract potential 
talented recruits.



50

Figure 14: The figure illustrates Saabs earlier way of working, 
without the use of MBD, a push system.

Figure 15: The figure illustrates how Saab are working today with the use of MBD, a pulling system.
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As the interviewee puts the reasoning for having a pull-based system

“Lean uses pull-systems as a foundation in order to reduce waste - the right persons should collect 
the right information, instead of posting a lot of information that is in most cases not even used.”

- Mechanical Design Engineer, Saab

The use of a pull-based system also improves the level of cross-functionality.

Even though there is some hardship to overcome with the implementation of MBD, the reward is 
by far greater than the investment. The interviewee mentions that the cost curve for Saab 
Aeronautics has declined, and although there is no officially measured data that connects MBD to 
this declination, it is believed to be due to the use of MBD.

As Saabs CEO phrased it in their General Meeting

“Here, [in the Gripen E project] MBD has contributed to reduced design cost with up to 50 percent. 
We discover different issues a lot earlier and can thereby more easily attend to them.”

- Heading of Saab’s CEO, Håkan Buskhe, General Meeting 2016
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Volkswagen is a German automotive manufacturer, founded in 1937 and became a holding 
company for its subsidiaries in 1975, and as of today is the second largest automotive manufacturer 
in the world. VW are today using their equivalence to MBD, 3DZP, to some extent. On the contrary 
to Volvo, 3DZP is directly used in simulations.

In the VW Passat V-8 series, they used 3DZP in Body in White, and around 400 parts were 
produced only with 3DZP as basis. Following this, two other departments have carried out full 
3DZP projects during 2010-2011 and 2012.

From these conducted pilots, it was determined that data quality was improved, and collaborations 
between different department - the cross-functionality - were increased. This itself reduces issues, 
and ultimately allows for higher amount of production.

As with any change of system, there will be discontinuity in the learning curve when changing to 
3DZP, according to VW, as well as an additional cost for the company as designers and colleagues 
need coaching for basic knowledge. In addition to this, they project the workload to either stay the 
same or increase for design engineers, since their work tasks will become more extensive in regards 
to other departments.  The interviewee of VW also mentioned that licensing cost in other 
department of VW may be mitigated since more licenses and add-ons of Dassault Systèmes will be 
used.

Even though 3DZP comes with some trade-offs, it is overall believed to be beneficial, although no 
measurement was conducted on the pilots that were carried out.   

“This will be the future, the question is how long it will take to implement”
-IT-developer, responsible for the 3DZP methodology, Volkswagen

Volkswagen
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Similar to Volvo, VW main reason to pursuit 3DZP was due to competitor’s gaining ground and 
seeing other industries benefit from the methodology. In VW’s case, companies mainly observed 
were Boeing and Saab Aeronotics. 

Today, VW have essentially paused the implementation of 3DZP due to budget cuts. In recent 
history, 80% of their budget have been slashed which disallows them to progress further. 
The interviewee saw the biggest challenge with 3DZP not with implementing the actual system, 
but rather persuading VW as organization to be on the same page. Furthermore, is of no concern 
that the suppliers of VW will lack capabilities to adapt to 3DZP, as the free lightweight applications 
provide all the information needed.



54



55

5. Results
In this chapter, the main results are presented. This includes benefits, challenges
 and issues related to change management in regards to MBD. It also includes all 

quantifiable results found regarding the use of an MBD approach. 
The result presented is analyzed with the theoretical framework, the empirical 

data from Scania, as well as the empirical data from the external companies in mind.

5.1 Benefits

The greatest benefits are concluded to be found downstream in the MBD methodology – these 
are however hard to quantify to numbers in terms of a Return on Investment, as the methodology 
conveys a disruptive change and results are hard to measure. The main benefit however of inducing 
a downstream-inclined methodology is that the departments only have to take one document, the 
3D model, into consideration, without any ambiguity. Estimations show that on average, there are 
30 potential recipients per design engineer and the use of MBD allows the downstream 
departments to download whichever information they need (pull), instead of having every piece 
of information sent out (push) to them. The pull system results in the correct information being 
collected from each department at their own need, in contrast to a push system where it sent out 
in a less accurate manner. With this system the information flow at Scania could be depicted as in 
figure 14 below, where all departments utilize the same material, allowing for more insight in 
others work, a more complete material, and the ability to recycle information instead of creating 
new material.

Figure 16. Layout with MBD. Considerably shorter between departments, one joint material, the 
recycling of information, cleaner setup.
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What is also concluded is that MBD is an enabler of Concurrent Engineering, allowing 
departments to take part of the material they need at an earlier phase, thus also allowing earlier 
feedback and lowered costs of changes. The feedback itself raises the accuracy and product quality, 
and reduces the lead time. This is the most mentioned benefit, brought up to different extents at 
every department. The department which is the most evidential benefiter in this matter is Service, 
as it is crucial that they obtain the correct models from the design engineers as early as possible. 
As of today, they fully work in 3D and the 2D is obsolete, they only use it to double-check the 3D. 
They are in constant struggle to obtain the correct 3D as early as possible, in order to send relevant 
feedback to the design engineers of how the design can facilitate serviceability to a greater extent. 
Considering that service of vehicles is one of Scania’s most profitable sources of income, it goes 
without saying that increased effectiveness of the said department is greatly advantageous for 
Scania as a unit.

Scania is moving more and more towards digitalization. One of the main issues therefore the 
virtual trust. MBD will however, increase the virtual trust as it enforces a 3D environment. Using 
a digitalized way of working allows for earlier iterations, saving costs, and more iteration, thus 
producing better quality. It has also been mentioned at other departments at Scania that having 
higher tier of the 3D models further allows the progress of developing new technologies, such as 
augmented glasses. At the current state the majority of the departments cannot fully utilize the 
available 3D due to low amount of virtual trust. During the interviews, it was mentioned at several 
departments that since the 2D is the master document, 3D is not always updated. This requires 
all the downstream departments to double check if the 3D is valid, which consumes a lot of time. 
Even with the double check, errors slip through the system leading to articles not being correctly 
manufactured. This is a key issue that MBD is able to counter, as it enables cross-functionality at a 
more concurrent rate, minimizing the amount of errors, and also provides a single source of truth 
which boosts the virtual trust.

At all departments, there will be less confusion as there is only a single source of information, 
eliminating ambiguity to a large extent. This has different benefits at different departments. Some 
departments only use 3D, where it with MBD will continue the same path with a more accurate 
result. Other departments use both 2D and 3D, where the need for cross-checking will be 
eliminated, as well as eliminating a process where human error can occur. In any case, the 
methodology will be beneficial.

According to a number of participants in the interviews, with applied knowledge in the matter, a 
lot of resources would be saved in the first stage of MBD; at the design engineer’s department. This 
is also enforced by the theoretical framework presented, as well as the external companies studied. 
The generally accepted approach to MBD in the design engineers department is that developing the 
2D material is very time consuming. Statements suggest a decrease in design engineer’s task being 
as much as 50%. 

One of the departments which MBD enables the largest change for is Production. As of today, 
Production operates from 2D drawings and in many scenarios in non-technological manner. 
Implementing MBD would further allow Production to partake in more advanced and better 
suited methods not yet thoroughly explored within Scania.  
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5.2 Challenges

MBD is as stated emerging more and more in the industry and gaining both attention and 
popularity. This also means that it is still in the phase of transcending from of early adopters, and 
a limited amount of information exist about results following the full implementation, making it is 
hard to predict exactly how all departments will be affected. 

Something that opposes the transition is the notion that MBD is not compatible with the 
modularisation system that is deeply rooted within Scania, and that the changes and benefits 
experienced at other companies are not applicable to Scania due to the differences in the 
organizations.  

One of the biggest challenges is the implementation phase, before the system is completely in 
place. This is especially apparent for bodybuilders as they would need a complete 3D system, before 
abandoning the old. It is however very unlikely that all existing 2D would be migrated to 3D as this 
would require vast resources. At Scania today, no correlation between 2D and 3D is carried out, 
which further complicates a transition. This results in the need to use both the 2D and the 3D when 
updating an existing article if MBD is implemented.

During the interviews, it was apparent that purchasing was the main opponent to the change. 
Similar to many departments, the main concern that was raised was that it was uncertain how the 
department would be able to extract the data necessary. In addition to this, it is also predicted that 
an indefinite amount of suppliers to Scania is unable to manage the 3D models that MBD would 
entail. By this issue alone, MBD is instantly dismissed according to one interviewee at Purchasing. 
A benefit found at Saab was however not mentioned at the purchasing department at Scania. The 
interviewee claims that Saab Aeronautics Purchasing department has embraced MBD as it allows 
for easier backtracking in their logging system to each individual article. This is crucial for the 
purchasing department as it is vital for the staff of purchasing to see each version separately of an 
article or assembly, something that is complicated by only using a 2D material. 

There have been several minor remarks regarding the technical solutions and for example 
complications of translating data from the CAD-programs to lightweight programs. Even though it 
was outside of the scope to investigate the technical solution, it was deemed necessary to investigate 
first tier issues in the area that could obstruct the feasibility. Preliminary results show that there are 
several options for lightweight programs, and that it shouldn’t be an issue if it is possible or not, but 
rather how well it will work. With lightweight programs, there are challenges in finding a unified 
way of communicating since certain programs may lack function needed at some departments. 
This is further complicated with computing power, as the more advanced programs, the higher 
computing power is required, slowing down the programs and increasing the time to read and load 
the files. In order to come to a conclusion it was decided to examine the solutions of competitors 
and state that the technology is ready, although modifications to fit Scania’s modularity and systems 
would be required.

The greatest challenges of implementing MBD at Scania is to justify the need for initial resources, as 
the vast changes made will both be expensive in terms of updated equipment and licenses, but also 
the anticipated loss of efficiency and effectiveness due to a new system. The initial cost for several 
departments will be hard to justify since it is hard to quantify the benefits downstream, thereby 
reflecting it as if MBD will only cost and not yield anything in return. This is turn will make it hard 
for the board to take a decision regarding an implementation, as they have little decision support.
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5.3 Need for change

Competitors started the change on a smaller knowledge base. The same methodology was 
embraced and applied, in some cases only on the knowledge that other competitors implemented 
it. The phase of early adopters has therefore already taken place, and with a successful outcome. 
In addition to this, the organizations are willing to share their knowledge, as it is mutually 
understood that they will gain more from it themselves in the long run, having a symbiotic 
relationship. This is of advantage to Scania, as they don’t have to pioneer the field, but are rather 
able to withdraw information needed of how to conduct the change. At the same time Volkswagen, 
which Scania is a subsidiary of, are currently experiencing a recession. This has left them at an 
earlier stage in the implementation and would allow for Scania to govern the transition themselves 
and take a more leading role.  Without interventions Scania could therefore customize the change in 
regards to their methods and modularization system. Furthermore the industry is moving towards 
a model based way of working and competitors gain more ground the longer the implementation 
waits, and Scania are therefore time-wise in a good position for an implementation. 

Something that was found in the research was that change should be initiated internally; increasing 
awareness and interest among the employees to better facilitate an atmosphere of wanting change. 
If this is executed correctly, Scania stands to benefit of having the employees themselves pull for the 
change, rather than the change being pushed on them. If being pushed upon, it is anticipated that 
the employees will see the change as a nuisance. The use of pulling methods are already rooted in 
Scania’s product development, as they are using Lean in the organization, a pull-based 
methodology.
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5.4 Quantifiable results

ROI

One pilot referred to in the empirical chapter, and depicted in figure 15 below, estimated the 
potential waste to be saved using MBD to amount to 18% in an R&D project. The 18% saved time 
does not include how the work process was altered, but was exclusively looking at the tasks received 
from R&D. Thereby, the benefit from saved resources in R&D, and those department as of the study 
conducted, would simply be added together as they are independent. The potentially saved 
resources presented in the ROI does not imply that Scania will terminate the employee’s positions, 
but is rather an estimation of how much resources in terms of time can be translated to money. 
These resources are believed to be consumed in other operations and tasks that in turn will ge-
nerate value of an equal amount of money. This generated value can of course be either higher or 
lower than the estimation. Due to confidentiality, the exact numbers and origin of the ROI cannot 
be disclosed outside of Scania. 

Figure 17. Operations performed by different departments. 
Grey labor is considered to be value creating-tasks.
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A Return on Investment was formed together with Dassault Systèmes in order to investigate the 
costs and savings within the R&D department should MBD be implemented. This Includes cost 
factors consistent of licenses, maintenance, management, implementation and training amongst 
others. Estimates of the figures can be seen in table 2.

Table 2, Cost estimations over time

      Year 1  Year 2   Year 3   Year 4   Year 5

Cost realization per year (~, MSEK) 7,5   12,5     10        6,5             3

Potential yearly income   2   11,5     37,1        56,7           65,5

Potential yearly savings   -5,6   -1,1     27,2        50,2           62,5

Cumulative net savings   -5,6   -6,7     20,5        70,7           133,3

The income is based on saving 8% within personnel cost. The savings are reflecting the amount of 
work that would be saved within the R&D department. The benefit is expected to reach its 
efficiency gradually, thereby having a low potential yearly income soon after implementation, 
gradually increasing over the years.
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General points of quantifiable data

- Manufacturing resources devoted to managing changes to engineering drawings, manu 
 facturing plans and scheduling requirements amounts to 35% of the resources. 

- For every main CAD user in design, engineering, or manufacturing, there are 30 potential  
 users downstream in for example marketing,  product documentation, sales, support or  
 customer service with the main benefiters in manufacturing and inspection process levels. 

- In a business case conducted with Ford, General Motor and DaimlerChrysler all three  
 companies had an annual rate in total of 350.000 EC’s. Statements from the companies  
 estimate that each EC resulted in costs averaging on 50.000 USD, totaling the costs for 
  the EC’s of the three companies at 17, 5 trillion USD. Another estimate showed figures of  
 12.000 EC’s during one month for a single project.

- Visual representation can amount to 83% in general of information intake, excluding an 
 notations and meta-text. 

- Experienced users had little variance in identifying the features in 2D compared to 3D. 
 Inexperienced users had however a substantial advantage using the 3D material instead of  
 the 2D. The ability to detect specific features in 3D was increased between 20% and 32%.

- Using MBD can allow for six hours of designing in CAD for every hour without.

- In a test using Delmia, 185 MBD sample models were compressed with a 100%  
  successrate and a 65% reduction in size.

- Volvo noticed an increase of efficiency of 10-20% using an equivalent method to MBD. 
 Overall, 2-4 weeks of a 20 week sprint was saved in time of documentation. 
 Other findings reported as high as 25-50% in saved time for unspecified departments.

- MBD has contributed to reduced design cost with up to 50 percent in the Gripen E  
 project.
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6. Conclusion and Discussion
This chapter contains the main conclusions for the thesis, a discussion section analysing the results  

and how the thesis was conducted. It also includes recommendations for future work.

6.1 Conclusions

The purpose of the thesis was to provide an objective assessment and basis to justify the change 
to MBD at Scania. This was to be done by assessing the main impacts of MBD comprised in the 
research question below.

What are the main impacts of implementing MBD in an automotive
 manufacturing industry, in a cross functional perspective?

The study was conducted at multiple major automotive industries with the findings indicating that 
an MBD transition would be beneficial for an organization of said sort. 

The thesis also concluded that the greatest benefits would be found downstream in the organization 
with the main benefiters being found in the departments seen below. These are gathered from the 
interviews at Scania, Volvo Cars, Saab EDS, and also supported by for example Quintana (2010), 
Liu (2012), Wang et al. (2013) and Zhou (2011) – all emphasizing the downstream consumers as 
major beneficiaries.

- Service - Their material will be quality assured, saving waste as no assurance of updates  
 are necessary. It also allows for higher grade of concurrent engineering. 

- Production - Obtaining material at an earlier state, clearer instructions for assembly. 

- Simulation and calculation - Receiving correct models at an earlier stage allows for more  
 and earlier simulations and iterations.

The main benefits come from four areas

- Unambiguous material - Allowing for lower costs, higher virtual trust    
 (Business analyst no. 2)

- Removing redundant waste - Shorter lead time, lower costs (Modig, 2012)

- Earlier feedback - Creates higher cross-functionality and quality (Lin 2004)

- Earlier publications - Earlier changes, more iteration, better quality and lower EC costs  
 (Wasmer, 2011; Sullivan, 2004)

The main challenges were

- Initial investments in systems, licenses (Lin, 2004)

- The customization to company specific systems (Liu, 2012)
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6.2 Discussion

Despite the main findings indicating that a MBD transition is beneficial for an organization with 
the variables of being a major automotive manufacturing industry it could however vary, as Scania 
is not identical to any of their competitors. Furthermore, the theoretical framework cannot cover 
Scania’s unique condition for implementation, but rather give a good estimation of the effect of 
MBD once it is implemented. In regards to the actual implementation, it is uncertain how the 
amount of module affects the outcome. The findings in the empirical context stated that it would be 
troublesome, but also that the amount of module variants could benefit even more than what Saab 
or Volvo could, as there are so many more articles for Scania to harvest the benefits. With this in 
mind, we believe the conducted research can be utilized for other organizations in the automotive 
manufacturing industry, as the module system was regarded but not decisive.

Volkswagens influence on Scania’s approach to an MBD implementation is today minimal, and that 
itself could provide an advantage of implementing MBD in the near future. However, it is also of 
high importance to have a fluent cost efficient transition (Mechanical Design Engineer, Saab EDS). 
Depending on the need for technical solutions in the different departments, this could be best 
achieved when transitioning to a new CAD-platform, which Scania has as a preliminary goal for 
2020. To make the best transition, a holistic perspective should be performed once all the 
concerned departments have expressed their requirements for the MBD system.

One of the biggest issues with justifying the transition is that MBD changes the information flow 
for the whole organization, which is not done with ease. Due to the complexity of MBD, it is also 
concluded in the thesis that it is almost impossible to predict the exact outcome of an 
implementation, and even if it would be possible, it would take a lot of resources to conduct the 
research. With this is mind, Scania will have to take a leap of faith in order to implement MBD, but 
of course preparing as much as possible for the change, considering the tradeoffs. It is concluded 
that none of the external companies had a good foundation for doing an MBD transition. They did 
however see empirical data pointing in the same direction; that it is beneficial in a manufacturing 
industry of vehicles (Business Application Manager, Volvo Cars). As the general development move 
towards digitalization, it is hard to imagine the industry developing in another direction and MBD 
is in that regard the logical next step for all manufacturing companies. Volvo initiated the transition 
with the basis that they did not want to fall behind in the development of methodology, in regards 
to their competitors. We believe that Scania is now in the same position, and that they cannot afford 
to disregard MBD in the long run, as the competitors are advancing in this field. Both Saab and 
Volvo claim that they are so confident of the positive effects of MBD that they have not had any 
incitement to measure if they should continue with MBD or not.

One department that would benefit from further investigations was Purchasing, as they were unable 
to receive us until close to the end of our thesis due to their high workload. In this department, the 
single participating interviewee stated that the cons outweighed the pros. This is however believed 
to be heavily influenced by traditions to use the 2D as legal document, making it difficult grasp the 
3D as the new legal document. In contrast to this Saab claimed that their Purchasing department 
had only noticed benefits of the new system, as there were no ambiguity due to less different types 
of documents, and that backlogging of changes was vastly facilitated in the article history. The only 
issue in Purchasing where Saab and Scania has different opinions where we find it justified is how 
the issue of suppliers will be able to handle the change. According to the interviewee, 
Saab Aeronautics had the mindset that if the suppliers are not able to manage 3D material, it is an 
indicator that they are not the suppliers that should be prioritized. 
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Scania however sees it different. According to the purchasing department, the low-tech suppliers 
can carry out work that is suitable for them and their capabilities, and furthermore they can be used 
as leverage for procurement with other suppliers. This in turn will weaken Scania’s leverage, 
draining vast amounts of money each year. As the suppliers were not part of the scope it is 
important to note that no conclusions can be drawn of the supplier’s capability to use 3D. It was 
stated in interviews that Scania use suppliers from all over the world where some might not have 
the capabilities to use 3D models while some would deem the use of 3D an improvement.
Even though the use of MBD does not explicitly contribute to better and more accurate 3D-models, 
they would comprise all information, have a higher rate of updates and be the legal document. 
This opens up the possibility for higher reusability of the 3D models downstream, which is not 
applied to the same extent today, and would contribute to a large reduction in waste. An existing 
issue today in that area is that the majority of the departments mainly focus what programs are best 
suited to fulfill their needs to accomplish their tasks, but not how the user downstream consumes 
that information. With MBD, a single source of information is used for every instance, thus 
eliminating this lack of communication between the employee releasing information, and the 
employee consuming it (AIAG 2005, Wasmer 2011).

6.3 Future recommendations

The purpose of the thesis was to investigate the effects MBD would induce on a company of the 
specific type, in order to validate a transition for Scania. As the conclusions of the thesis support 
the claim that an implementation is both feasible and to recommend, the thesis could be used as 
part of a foundation to validate the change. There are however still aspects to investigate further. 
We suggest the following research aspects accordingly to better facilitate the implementation:

- A more thorough analysis of Purchasing’s departments’ stake in the MBD matter.   
 A solution might be to exclude Purchasing of the transition, and to have 2D drawings  
 produced solely for them, only in the purpose of the 2D referring to the already existing 3D. 
- It is also suggested that Purchasing map out the manufacturing capabilities of their  
 suppliers – a matter that might be suitable for another thesis.
- Have each concerned department deliver an accurate requirements list for the technical  
 specifications that needs to be solved for their department in order to implement MBD  
 through a cross functional project group.
- Run holistic pilots through all concerned departments of Scania, in order to troubleshoot  
 issues and prevent them from occurring once MBD is implemented. These pilots should  
 thereby cover all areas of the truck, involving not only well-adapted departments.
- Create a more holistic ROI if more tangible data is needed to justify the change. This  
 cannot be done in a thesis due to confidentiality, and should therefore be performed inter 
 nally. Such a project was carried out at R&D, but only covers that department and should  
 therefore be extended as the downstream value is projected to be larger than that of R&D.  
 This ROI should also include intangible costs such as of loss of information due to change  
 of systems. This would however be mainly beneficial in research purposes and to aid in  
 the decision of an impending implementation 
- As for the Scientific contribution that in our perception needs further exploration, we  
 suggest that Scania, or any company that fit our scope, conducts research for how the  
 different departments are affected by the implementation. In our research, we have found  
 very valuable results, both theoretical and empirical, but have yet to find ’before-and-after’   
             results.  Such research would yield a great amount of data that other organizations can  
 partake in an intended MBD-transition.
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As for the quality assurance of the thesis, we have had four main factors when reviewing each 
source; age, dependence, authenticity and tendency. As MBD is a relatively new method, the 
articles referring to MBD were almost exclusively less than 10 years old, making them highly 
relevant and up-to-date. In order to eliminate dependency and having one-sided articles, we had 
several different approaches to collect the data, both for the Frame of Reference, and the empirical 
study. These included the use of many different databases, libraries, suggestions of articles from 
unbiased connections, and also several different ways to collect information empirically. In regards 
to confirm the authenticity, articles were thoroughly reviewed, and sources were randomly 
sampled. The last factor to review was tendency. Articles that were published in newspapers and 
similar journals were seen as possibly having tendency, thus being  thoroughly examined, if used at 
all. The Authors of which articles’ were published in well-known journals were background 
checked, without any findings of having tendency. 
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APPENDIX A Scania’s R&D - Factory House

The house illustrates factors and methods that imbue Scania, in a pillar-like structure. 
The grey boxes making up for the core values.

As can be seen in the figure, the three core values acts as core values and guidelines that are com-
mon denominator for all employees, of which every employee acts by. The core values are explai-
ned as following:

Customer prioritization: At Scania, the focus on the end-user is always in focus. This includes 
departments such as Service, Manufacturing, Testing to Sales. Value is defined as the perceived 
value of the end-user, which is achieved through knowledge of the user’s needs.

Respect for the individual: Scania believes that the in-house knowledge should be utilized to the 
greatest extent as this is beneficial for the organization. As everyone in the company possess diffe-
rent basis of knowledge and background, everyone can contribute with input in different aspects, 
which is encouraged.

Eliminating waste: Eliminating all types of waste that do not bring value to the end-user. Anoma-
lies however, can be seen as a resource as it builds competence and brings improvements, which 
can be used to improve Scania’s competitiveness and is therefore not strictly seen as waste.



APPENDIX B Redundant references

In this appendix, references that were used as learning material and for the planning report are 
found. These are not referred to in the thesis and are therefore left out from the reference list.  

Aberdeen Group inc., 2006, The Transition from 2D Drafting to 3D Modeling Benchmark Re-
port, Boston

Alvesson, M., Sköldberg, K., 1994, Tolkning och reflektion - Vetenskapsfilosofi och kvalitativ 
metod, Studentlitteratur

Berthon, P.R., Pitt, L.F., McCarthy, I.P., Kates, S.M., 2007, When Customers Get Clever: Manage-
rial Approaches to Dealing with Creative Consumers, Business Horizons, vol 50 (1), pp. 39–47

C. A. Montgomery, 1995, Resource-Based and Evolutionary Theories of the Firm, Kluwer Acade-
mic Publishers, pp. 101-132

Clark, G., Gilbert, G., 2005, Unbundling the Structure of Inertia: Resource Versus Routine Rigid-
ty, Academy of Management Journal, Harvard University, vol. 48 (5), pp. 741-763

Czarniawska, B., 2007, Shadowing and other techniques for doing fieldwork in modern societies, 
Liber

Dadi, G., Goodrum, P., Taylor, T., Carswell, C., 2014, Cognitive workload demands using 2D and 
3D spatial engineering information formats, Journal of Construction Engineering and Manage-
ment, vol 140

Forsman, S., Björngrim, N., Bystedt, A., Laitila, L., Bomark, P., Öhman, M., 2012, Need for inno-
vation in supplying engineer-to-order joinery products to construction: A case study in Sweden, 
Construction Innovation, vol 12, pp. 464-491

Hu, X., Cheng, W., Chen, X., Zhang, H., 2012, Full 3D annotation of product information based 
on MBD, Journal of Huazhong University of Science and Technology, vol 40, pp. 60-63 

Huang, R., Zhang, S., Bai, X., Xu, C., Huang, B., 2015, An effective subpart retrieval approach of 
3D CAD models for manufacturing process reuse, Computers in Industry, vol 67, pp. 38-53

Kaulio, M.A., 1998, Customer, consumer and user involvement in product development: A fra-
mework and a review of selected methods, Taylor & amp; Francis Group, pp. 141-149

Kocar, V., Akgunduz, A., 2010, ADVICE: A virtual environment for Engineering Change Mana-
gement, Computers in Industry, vol 61, pp. 15-28

Lantz, A., 1993, Intervjumetodik, Studentlitteratur

Leth, G., Thurén, T., 2000, Källkritik för internet, Styrelsen för psykologiskt försvar

Liker, J.K., Gary L.C., 2011, The Toyota Way To Lean Leadership, New York: McGraw-Hill, Print



Olsson, H., Sörenson, S., 2001, Forskningsprocessen - Kvalitativa och Kvantitativa perspektiv, 
Författarna och Liber AB

Pernstål, J., Feldt, R., Gorschek, T., 2013, The lean gap: A review of lean approaches to large-scale 
software systems development, Journal of Systems and Software, vol 86, pp. 2797-2821

Pfouga, A., Stjepandic, J., 2015, Leveraging 3D CAD Data in Product Life Cycle: Exchange - Visu-
alization - Collaboration, Transdisciplinary lifecycle analysis of systems, vol 2 pp. 575-584
Saunders, M., Philip L., Thornhill, A., 2003, Research Methods For Business Students. Harlow, 
England: Prentice Hall

Schleich, B., Wartzack, S., 2014, A discrete geometry approach for tolerance analysis of mecha-
nism, 
Mechanism and Machine Theory, vol 77, pp. 148-163

Sörqvist, L., 2004, Ständiga förbättringar, Studentlitteratur, Lund

Timothy, C.L., Susan, E.S., Singer, J., 2005, Studying Software Engineers: Data Collection Techni-
ques for Software Field Studies, vol 10, pp. 311-341

Violante, M.G. Vezzetti, E., 2014, Implementing a new approach for the design of an e-learning 
platform in engineering education, Computer Applications in Engineering Education, vol 22, 
pp.708-727

Womack, J.P., Jones, D.T., 2004, Lean Thinking: Banish Waste and Create Wealth in Your Corpo-
ration, Simon & Schuster




