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Abstract 

This master thesis was performed at the business area of Aeronautics at Saab AB in 
collaboration with Linköping University during the spring of 2015.  

In a complex product development environment, having knowledge about different 
processes is advantageous for efficiency. Model Based Definition (MBD) is a product 
development process where a 3D-model is the main source of information and the same 
3D-model is applied all the way from design to production. In assembly, the operator 
follows work instructions where the 3D-model, and its requirements, is visualized. The 
model is always updated to the latest version and no 2D-drawings are needed. Saab 
applied MBD during the development of the new generation of the fighter aircraft JAS 39 
Gripen. This change, from previously 2D to 3D, has caused that both internal and external 
people have minor knowledge about the new developing process of MBD. 

The purpose of the thesis was to develop a demonstrator acting as an educational 
environment to share knowledge about the MBD-process and the 3D work instructions. 
New methods and processes could be tested and evaluated in the demonstrator before 
implementing into the real product development process.  

By following and developing an interdependent and iterative product development 
process, this work has visualized the MBD-process. Designing and developing a 
demonstrator, using the same tools as in the real product development process, 
accomplished this. This thesis has developed a demonstrator that includes the main 
components of a physical model with corresponding 3D work instructions and a 
conceptual layout. A physical Lego model of Gripen provides a flexible and interesting way 
of sharing knowledge to the user who interacts with the demonstrator. The 3D work 
instructions were created in a way so that the user can assemble and interact with the 
same expressions and terms in order to get an understanding about how they are used. 
The educational aspect is important where simplifications and additional notes to the 
instructions help to get a better understanding. Depending on who the user is, different 
levels of preparations are needed. The recognition factor is important to a user with 
experience of MBD; it needs to be able to understand how different terms and 
requirements are used in the development process. 

The future work is about setting up the demonstrator and conduct usability tests to 
evaluate, modify and implement more details. Using a demonstrator in this purpose can be 
helpful for evaluating different techniques, methods or systems and reduce the errors in 
the product development process. It can also encourage people to a new enjoyable way of 
learning.  
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Vocabulary 

3DViA Visualization tool developed by Dassault 
Systèmes. 

3D Work Instructions  Work instructions for the operator in the shop 
floor that contains a 3D model and describing 
instructions in text. 

Article The modules in the 3D work instructions. 

Assembly Used in CAD environment as several parts 

connected to each other. 

Assemble Requirement Model (ARM) Design requirements of a model. 

Brick A Lego brick. 

Catia Refers to the CAD-software Catia V5 developed 
by Dassault Systèmes. 

Delmia Digital manufacturing tool developed by 
Dassault Systèmes. 

Demonstrator Layout Overall layout of a demonstrator. 

3DViA Visualization tool developed by Dassault 
Systèmes. 

Demonstrator An area where concepts and processes can be 
tested such as new systems, theories and 
methods and to share knowledge about these. 

Delmia Digital manufacturing tool developed by 
Dassault Systèmes. 

Gripen Model A scale model of JAS 39 Gripen. 

Interdependent tasks The tasks require information from each other 
to be finalized.  

Joint Definition (JD) The fasteners and its requirements of the 
aircraft. 

Lego Digital Designer (LDD) CAD software developed by Lego. 

Main module The main structural parts of the Gripen model. 

Model Based Definition (MBD) The practice of using 3D-models with all the 
required information digitally in the 
development process. 

Model Construction Set Sets to assemble a scale model. 

Module Several parts form a module. 

Multirole Aircraft An aircraft that can have different roles in 
combat. 

Operators Workers at the shop floor performing the 
assembling. 

Operation (OP) One operation includes several of work 
instructions. 
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Part Referred to an article, which consists of one 
Lego part. 

Station An area where the assembling takes part in the 
demonstrator. 

Submodule A main module can consist of several 

submodules. 

Tile A Lego tile. 

Work Instruction (WI) A step in an operation. 



 

  ix 

Table of Contents 

1       INTRODUCTION ............................................................................................................................................. 1 

 BACKGROUND ............................................................................................................................................................ 1 1.1
 Saab AB .............................................................................................................................................................. 1 1.1.1
 Problem Background .................................................................................................................................... 1 1.1.2

 PURPOSE AND AIM .................................................................................................................................................... 2 1.2
 PROBLEM STATEMENTS........................................................................................................................................... 3 1.3
 SCOPE .......................................................................................................................................................................... 3 1.4
 TARGET GROUP ......................................................................................................................................................... 3 1.5
 OUTLINE ..................................................................................................................................................................... 4 1.6

2       THEORETICAL FRAME ................................................................................................................................ 5 

 MODEL BASED DEFINITION .................................................................................................................................... 5 2.1
 ASSEMBLY WORK INSTRUCTIONS .......................................................................................................................... 5 2.2
 ASSEMBLING TECHNIQUES IN THE AEROSPACE INDUSTRY ............................................................................... 6 2.3
 TECHNICAL DEMONSTRATORS ............................................................................................................................... 6 2.4
 KNOWLEDGE SHARING............................................................................................................................................. 7 2.5
 HUMAN AND TECHNOLOGY INTERACTION ........................................................................................................... 7 2.6

 Operator and Technology ........................................................................................................................... 8 2.6.1
 User-Centered Design.................................................................................................................................... 8 2.6.2

 TASK SEQUENCING METHOD .................................................................................................................................. 8 2.7
 MODEL CONSTRUCTION SYSTEMS ......................................................................................................................... 9 2.8

 Lego ...................................................................................................................................................................... 9 2.8.1

3       METHOD  ..................................................................................................................................................... 11 

 STRATEGY ............................................................................................................................................................... 11 3.1
 DOCUMENT ANALYSIS ........................................................................................................................................... 11 3.2
 DATA COLLECTION ................................................................................................................................................ 11 3.3

 Interview ......................................................................................................................................................... 11 3.3.1
 Observation .................................................................................................................................................... 12 3.3.2
 Focus Group ................................................................................................................................................... 12 3.3.3

 PRODUCT DEVELOPMENT PROCESS.................................................................................................................... 12 3.4
 Pre-study ......................................................................................................................................................... 13 3.4.1
 Idea Generation ............................................................................................................................................ 13 3.4.2
 Concept Generation .................................................................................................................................... 13 3.4.3
 Concept Selection......................................................................................................................................... 14 3.4.4
 Detail Design ................................................................................................................................................. 14 3.4.5
 Test .................................................................................................................................................................... 14 3.4.6

 USABILITY EVALUATION ....................................................................................................................................... 14 3.5
 CREDIBILITY ........................................................................................................................................................... 14 3.6
 PROJECT APPROACH .............................................................................................................................................. 15 3.7

 Pre-study ......................................................................................................................................................... 15 3.7.1
 Ideation ........................................................................................................................................................... 15 3.7.2
 Concept Development ................................................................................................................................ 16 3.7.3
 Detail Design ................................................................................................................................................. 16 3.7.4
 Prototyping and Testing ........................................................................................................................... 16 3.7.5
 Analyzing ........................................................................................................................................................ 16 3.7.6

4       CURRENT SITUATION DESCRIPTION .................................................................................................. 17 

 GLOBAL ASSEMBLY INSTRUCTION STRATEGIES ............................................................................................... 17 4.1
 SAAB AND MBD ..................................................................................................................................................... 17 4.2

 Development Process ................................................................................................................................. 19 4.2.1
 Engineering Requirement Model........................................................................................................... 20 4.2.2

 JAS 39 GRIPEN  ..................................................................................................................................................... 20 4.3
 The Assembling of JAS 39 Gripen ........................................................................................................... 21 4.3.1
 The Use of 3D Work Instructions ........................................................................................................... 23 4.3.2



 

x 

5       DEMONSTRATOR DEVELOPMENT ....................................................................................................... 27 

 PRE-STUDY.............................................................................................................................................................. 27 5.1
 Observation of an Operator ..................................................................................................................... 27 5.1.1
 Visit at Volvo Group Truck Technology .............................................................................................. 29 5.1.2

 IDEATION ................................................................................................................................................................. 30 5.2
 Mind Map ........................................................................................................................................................ 30 5.2.1

 REQUIREMENTS...................................................................................................................................................... 31 5.3
 CHOOSING OF MODEL CONSTRUCTION SET....................................................................................................... 32 5.4

 Physical Test of Lego and Meccano ...................................................................................................... 32 5.4.1
 CONCEPT DEVELOPMENT ..................................................................................................................................... 34 5.5

 Modularizing the Aircraft ........................................................................................................................ 34 5.5.1
 The Stations ................................................................................................................................................... 35 5.5.2
 Dimensions of the JAS 39 Gripen Model .............................................................................................. 36 5.5.3
 Identified Steps by the Use of Lego ....................................................................................................... 36 5.5.4
 The Gripen Model ........................................................................................................................................ 37 5.5.5
 The Layout ..................................................................................................................................................... 40 5.5.6
 Interview with a Production Engineer ................................................................................................ 42 5.5.7
 Assembling Sequences ............................................................................................................................... 42 5.5.8

 FINAL CONCEPT ..................................................................................................................................................... 43 5.6
 The Gripen Model ........................................................................................................................................ 43 5.6.1
 The Stations ................................................................................................................................................... 45 5.6.2
 The Layout ..................................................................................................................................................... 47 5.6.3

 DETAIL DESIGN ...................................................................................................................................................... 48 5.7
 Creation of the 3D Work Instructions ................................................................................................. 48 5.7.1

 EVALUATION THROUGH TESTING ........................................................................................................................ 53 5.8
 Usability Test Results ................................................................................................................................. 53 5.8.1

6       RESULTS OF THE DEMONSTRATOR .................................................................................................... 55 

 LAYOUT.................................................................................................................................................................... 56 6.1
 THE GRIPEN MODEL ............................................................................................................................................. 56 6.2
 THE STATIONS ........................................................................................................................................................ 58 6.3

 Station – Left Wing ..................................................................................................................................... 60 6.3.1
 Station – Center Fuselage......................................................................................................................... 61 6.3.2
 Station – Rear Fuselage ............................................................................................................................ 61 6.3.3
 Station – Final Assembly ........................................................................................................................... 62 6.3.4

7       DISCUSSIONS AND ANALYZES  .............................................................................................................. 65 

 DEVELOPING A DEMONSTRATOR ........................................................................................................................ 65 7.1
 The Model ....................................................................................................................................................... 67 7.1.1
 The Stations ................................................................................................................................................... 68 7.1.2
 The Layout ..................................................................................................................................................... 68 7.1.3

 THE DEMONSTRATOR ........................................................................................................................................... 68 7.2
 The Model ....................................................................................................................................................... 68 7.2.1
 The Stations ................................................................................................................................................... 69 7.2.2
 The Layout ..................................................................................................................................................... 70 7.2.3

8       CONCLUSIONS ............................................................................................................................................. 71 

 FUTURE STUDIES ................................................................................................................................................... 71 8.1

9       REFERENCES ................................................................................................................................................ 73 

APPENDIX A – OBSERVATION OF AN OPERATOR ..................................................................................... 77 

APPENDIX B – VOLVO QUESTIONS AND ANSWERS .................................................................................. 79 

APPENDIX C – VOLVO VISIT INSPIRATION ................................................................................................. 81 

APPENDIX D – MODEL CONSTRUCTION SETS ............................................................................................ 83 

APPENDIX E – USING LEGO IN INSTRUCTIONS .......................................................................................... 85 

APPENDIX F – A CONCEPT OF GRIPEN IN LEGO......................................................................................... 87 



 

  xi 

APPENDIX G – DEMONSTRATOR LAYOUT   ................................................................................................. 89 

APPENDIX H – CONCEPTS OF THE STATION   LAYOUT ........................................................................... 93 

APPENDIX I – CONCEPTS OF THE ASSEMBLING SEQUENCES................................................................ 95 

APPENDIX J – THE MODULES OF THE GRIPEN ........................................................................................... 99 

APPENDIX K – PART-NUMBERING .............................................................................................................. 101 

APPENDIX L – ASSEMBLING SEQUENCE, LEFT WING ........................................................................... 103 

APPENDIX M – ASSEMBLING SEQUENCE, CENTER FUSELAGE ........................................................... 105 

APPENDIX N – ASSEMBLING SEQUENCE, REAR FUSELAGE................................................................. 107 

APPENDIX O – ASSEMBLING SEQUENCE, FINAL ASSEMBLY ............................................................... 109 

 



 

xii 

  



 

  xiii 

List of Figures 

Figure 1 – The implementation strategy of the Wingquist Laboratory.......................................... 7 
Figure 2 – Different ways of sequencing tasks (Eppinger, et al., 1994). ........................................ 9 
Figure 3 – Product Development Process. ................................................................................................ 12 
Figure 4 – The approach of the project. ..................................................................................................... 15 
Figure 5 – 2D drawing with its design requirements. ......................................................................... 18 
Figure 6 – A MBD model with its requirements. .................................................................................... 18 
Figure 7 – The development flow by use of MBD. ................................................................................. 19 
Figure 8 – An example of an ARM-part created in Catia. .................................................................... 20 
Figure 9 – JAS 39 Gripen. ................................................................................................................................. 21 
Figure 10 – The main assembly parts of JAS 39 Gripen (Saab Group, 2015). ............................ 22 
Figure 11 – An operator’s workspace (Saab Group, 2015). .............................................................. 22 
Figure 12 – The final assembling (Saab Group, 2015). ....................................................................... 23 
Figure 13 – An example of a 3D work instruction visualized in the web-template. ............... 23 
Figure 14 – A work instruction of a drill operation. ............................................................................. 24 
Figure 15 – An example of a 3D-model in the work instructions. .................................................. 24 
Figure 16 – The operator in the working environment. ..................................................................... 28 
Figure 17 – An assembly station of the demonstrator at Volvo Trucks. ...................................... 29 
Figure 18 – Mind map of the generated ideas. ........................................................................................ 30 
Figure 19 – Sketches showing how the Gripen can be modularized. ............................................ 34 
Figure 20 – Sketches showing how to modularize the Left Wing. .................................................. 35 
Figure 21 – A mix of parallel and sequential stations. ......................................................................... 35 
Figure 22 – A designed concept of the Gripen model visualized in LDD. .................................... 37 
Figure 23 – Top view over the designed Gripen concept. .................................................................. 38 
Figure 24 – The different modules of the Gripen model. ................................................................... 38 
Figure 25 – A concept of the wing main module with its submodules. ........................................ 39 
Figure 26 – A concept of the fuselage-main module with its submodules. ................................. 39 
Figure 27 – Concept of the Gripen Model. ................................................................................................ 40 
Figure 28 – Demonstrator layout with the different stations. ......................................................... 41 
Figure 29 – Top view of the demonstrator layout................................................................................. 41 
Figure 30 – View of a conceptual room for the demonstrator. ........................................................ 41 
Figure 31 – Concept of an assembling sequence. .................................................................................. 42 
Figure 32 – The final model of the Gripen. ............................................................................................... 43 
Figure 33 – The main modules visualized. ............................................................................................... 44 
Figure 34 – The final flow chart of the stations. ..................................................................................... 45 
Figure 35 – The submodules of the Left Wing. ....................................................................................... 45 
Figure 36 – The reference tool with the Left Wing. .............................................................................. 46 
Figure 37 – The articles needed in the operation for the Center Fuselage. ................................ 46 
Figure 38 – The articles needed in the operation for the Rear Fuselage. .................................... 47 
Figure 39 – A conceptual view of the demonstrator. ........................................................................... 47 
Figure 40 – The modelled aircraft in Catia. .............................................................................................. 48 
Figure 41 – The cad-model of the Rear Fuselage. .................................................................................. 49 
Figure 42 – The tree structure of the Center Fuselage. ....................................................................... 49 
Figure 43 – The used fasteners modelled in Catia. ............................................................................... 50 
Figure 44 – The ARM-part of the Rear Fuselage. ................................................................................... 50 
Figure 45 – The final view of operation in the final assembly operation. ................................... 51 
Figure 46 – A WI in the Rear Fuselage operation. ................................................................................. 52 
Figure 47 – The general information of the Rear Fuselage operation. ......................................... 52 
Figure 48 – The demonstrator serving as a link within the company. ......................................... 55 
Figure 49 – A conceptual view of the layout of the demonstrator. ................................................ 56 
Figure 50 – The final model of Gripen in Lego. ....................................................................................... 57 



 

xiv 

Figure 51 – The main modules of Gripen in Lego. ................................................................................. 57 
Figure 52 – The different fasteners used. ................................................................................................. 58 
Figure 53 – The flow chart of the stations. ............................................................................................... 59 
Figure 54 – The final assembly station. ..................................................................................................... 59 
Figure 55 – The work instructions for the Rear Fuselage. ................................................................. 60 
Figure 56 – The articles needed for the Left Wing station. ............................................................... 61 
Figure 57 – The articles needed for the Center Fuselage station. ................................................... 61 
Figure 58 – The articles needed for the Rear Fuselage station. ....................................................... 62 
Figure 59 – The articles needed for the Final Assembly station. .................................................... 63 
Figure 60 – The three main components in the demonstrator. ....................................................... 65 
Figure 61 – The process of the developed demonstrator. ................................................................. 66 
 

List of Tables 
Table 1 – The dimensions of JAS 39 Gripen (Saab Group, 2015) .................................................... 21 
Table 2 – Different work instructions ........................................................................................................ 25 
Table 3 – The requirements of the demonstrator ................................................................................. 31 
Table 4 – The evaluation of the chosen sets ............................................................................................ 32 
Table 5 – Pros and cons for Meccano ......................................................................................................... 33 
Table 6 – Pros and cons for Lego .................................................................................................................. 33 
Table 7 – The dimensions used for designing the JAS 39 Gripen model ...................................... 36 
Table 8 – How to use Lego in work instructions .................................................................................... 36 
 

  



  Introduction 

 

  1 

1 Introduction 

This report covers the master thesis project “Development of a Demonstrator in the 
Aerospace Industry for Visualization of 3D Work Instructions”, conducted at Saab AB during 
the spring of 2015. This chapter will introduce the company, the problem background and 
the problem statements. It also explains the purpose of the project, the delimitations and 
the outline of the report. 

 Background 1.1

In this section a brief description about the company Saab AB will be presented followed 
by the problem background of the master thesis. 

 Saab AB 1.1.1

The Swedish company “Svenska Aeroplan AB”, later to be known as Saab AB, was founded 
in 1937 to secure the nation’s supply of military aircraft and be able to maintain the 
national security. The head quarter was established in Trollhättan and in 1939, after they 
bought the competitor company ASJA, the head quarter moved to Linköping. (Saab Group, 
u.d.) 

For over seventy years Saab AB has developed and produced high-technology products for 
military defense and civil security. Saab AB’s main focus is to secure that it is a human’s 
right to feel safe and therefore they always push the limits and boundaries of the 
possibilities in developing new technology. Saab AB is one of the world leading companies 
within military defense and has an international market such as Europe, South Africa, 
Australia and North America. The latest agreement is with Brazil where the contract 
includes 36 new generations of Gripen and a complete package with transferring 
production and development to Brazil. This means that training, logistic, knowledge; 
development etc. has to be transferred. This is a challenge for Saab AB but at the same 
time an opportunity to expand globally as a company. (Saab Group, 2014) 

Saab AB has around 14,700 employees divided in different continents and in different 
business areas. The six business areas are Aeronautics, Dynamics, Electronic Defense 
System, Security and Defense Solutions, Support and Service and Industrial Products and 
Service. Aeronautics is the business area that is in charge of the multirole fighter aircraft 
JAS 39 Gripen and they have gained important knowledge and experience in aviation 
through the years. They are responsible for development, production, marketing, selling 
and supporting of the Gripen. (Saab Group, 2015) 

 Problem Background 1.1.2

The master thesis is in collaboration with the business area Saab Aeronautics and the 
work is done at the Department of Method Development. The Department is working with 
improving different procedures in the process of developing and assembling in the 
aerospace industry at Saab AB. During the development of the new generation of the 
multirole fighter aircraft JAS 39 Gripen, the way of designing has changed from using 
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paper drawings to be completely 3D-based by the use of Model Based Definition (MBD) 
(Combitech AB, 2013). Since the product development process is complex, different 
department are working with the same part. By using MBD, the departments communicate 
the product data through the same databases, which keeps the model updated regularly. In 
the assembling, the operator follows work instructions that are completely 3D-based. The 
instructions are visualized where the operator can follow the assembling step by step with 
text that corresponds to a 3D-model. The change also caused problem because many 
employees lack knowledge about this way of working with MBD. In order to understand 
the procedure of how the design and its requirements are used in the final assembling, 
there is a need to enter the workshop to get a demonstration. Since Saab AB has a lot of 
customers and visitors this happens frequently which can cause disturbance in the 
working environment.  

Saab AB, and mainly the Department of Method Development, is participating in the 
research project called Global Assembly Instruction Strategies (GAIS). GAIS is a research 
project with several partners involved. The main participant is the Division of Production 
Systems at Chalmers University of Technology; the other partners involved are AB Volvo 
GTO, Volvo Technology, Volvo IT, Saab Aeronautics, SCANIA and Gothenburg Technical 
College (GTC). Through this project one of the goals is to create an environment where the 
3D work instructions could be demonstrated. 

The idea was inspired from a previous master thesis conducted at Volvo Technology, 
Manufacturing Execution Systems Demonstrator Platform (Oliveira & Johansson, 2011). 
The master thesis has a main focus to show the production line of Volvo Trucks and 
inspire people to appreciate production.  

With a technical demonstrator working as an educational environment, employees from 
contiguous departments within Saab AB could get a deeper understanding about the MBD 
process and how their work is connected with the final assembling. They could take 
advantage from the knowledge by using it in their design work. One challenge is to 
investigate the possibilities of a demonstrator in an educational and knowledge sharing 
way but also in a more specific technical purpose for benefitting from it in the 
development process. The purpose of the demonstrator is to visualize the interaction in 
the development process by the use of MBD, to share knowledge and to test and evaluate 
new methodology. The demonstrator could be used to show the different processes 
between design, process planning through virtual manufacturing tools and the assembly in 
the production through the 3D work instructions. 

 Purpose and Aim 1.2

The purpose is to develop a demonstrator to provide conditions and a detailed design in 
order to visualize 3D work instructions and analyze the methods used.  

The aim is to create such demonstrator to be analyzed and to give inspiration in how to 
develop a demonstrator that can provide technical knowledge sharing within an 
organization. 
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 Problem Statements 1.3

The objective is to answer and analyze following problem statements: 

PS1   – What approach and methods could be used when developing a technical 
demonstrator? 

PS2   – What are the most important components in a demonstrator?  

PS3   – What educational aspects are important to consider in a demonstrator? 

 Scope 1.4

In order to develop a knowledge sharing technical demonstrator, some simplifications and 
delimitations needed to be set.  No extensive research about several different methods for 
developing a demonstrator was conducted. This study follows a product development 
process and additional methods and techniques in order to develop the demonstrator.  

The product JAS 39 Gripen is complex, which required modifications in order to be 
realizing in a smaller scale model. The manufacturing procedures have also been adjusted. 
The demonstrator focus on showing the work with the MBD; the production is therefore 
not accurate compared to the actual procedure. To create the demonstrator with an 
educational approach, the current software at Saab AB was used during the developing 
process of the demonstrator.  

The delimitations were required to manage and finish the project within the time frame 
and are based on the competence of the thesis writers. The delimitations were set in 
consultation with the supervisors at Saab AB. The delimitations are as follows: 

 The scale model of the Gripen is simplified.  

 The manufacturing and production is not accurate compared to the actual 

procedure.  

 The main focus is to visualize the interaction with the 3D work instructions.  

 The development is based on the current software and interfaces at Saab AB. 

Hence, no other methods of creating 3D work instructions will be tested.  

 Target Group 1.5

The main target group for the demonstrator is people who have minor knowledge about 
the aerospace industry and the process of MBD. The target group includes both internal 
and external individuals. The internal target group is employees in nearby departments 
within Saab AB. A demonstrator could help them to better understand the whole process 
with MBD and hopefully take advantage of the knowledge into their own work. The 
external main groups are customers and visitors. They will get a demonstration about how 
3D work instructions are being used during the assembly and learn more about the 
process with MBD. The demonstrator can show how MBD is used to verify the quality of 
the products.  

The work done in the master thesis project can be useful for both students and 
professionals who want to develop technical demonstrators in other organizations. The 
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work could help people get a better understanding and inspire to share knowledge within 
complex organizations. 

 Outline 1.6

The theoretical studies, chapter 2, cover the theories that have been used during the 
project. The theories about the methods are in the following chapter, 3, with the project 
approach. Chapter 4 is about the current situation description where the gathered 
information at Saab AB is compiled. 

The development of the demonstrator is explained in chapter 0. This chapter focuses on 
the development from an idea to a final concept and prototype of a demonstrator. The 
results will then be presented in chapter 6, followed by a discussion and analyzes to 
answer the problem statements in chapter 7. In the end, chapter 8, the conclusions of the 
thesis is presented with additional future work needed in this area. 
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2 Theoretical Frame 

The different theories used during the project are explained in this chapter. 

 Model Based Definition  2.1

Model Based Definition (MBD) is a way of using Computer Aided Design (CAD) embedded 
with data such as dimensions, tolerances and design requirements in a 3D-model to 
communicate the needs of a product. With MBD the 3D-model is the main source of 
information. The model is kept updated and different departments have access to the 
latest information anywhere and anytime. (Dassault Systemes, 2015) 

Traditionally the product data source has been 2D drawings. The drawings contained the 
information needed in the development and manufacturing of the products. With MBD 
replacing the 2D drawing, the company using MBD should expect that the human errors 
and development costs reduce. This way of work will also increase the quality and ease the 
work for inspections in the manufacturing. (Olson, 2015) 

If complete 2D drawings with the data are needed they can be generated from the 3D-
model. The product information is stored digitally and therefore the administrative costs 
reduce. With MBD the data can be changed and used parallel by different departments, the 
models can have automatic updates when modifications are made with its required 
dependencies. (Hexagon Metrology, 2015) 

By the use of MBD it makes the development of a product less hierarchic. The whole 
product life cycle is considered from development to manufacturing and assembling. MBD 
is not connected with any specific CAD software and each company can choose their own 
software. MBD is used especially in the aerospace industry because of the complex and 
advanced products with long development times. (Combitech AB, 2013) 

 Assembly Work Instructions 2.2

Assembly work instructions are used to make an understanding of how different 
components are connected to each other in the assembling of a product. The instructions 
are mainly set by production engineers, which optimize the assembling to the operators. 
To ease the work and reduce errors during the assembly process it needs to be clear in 
which order the operations at the stations are performed. The instructions should be 
detailed showing the necessary tools required for the operations and what special details 
that is needed for each station. The instructions should be available at each station and 
easy accessible. To ease the work during the operations visual aids are extremely 
important. Illustrations or physical mockups could be used to show how the assembling is 
done. One central factor is to highlight critical operations. It is important to combine the 
visual data with small notes instead of having extensive work instruction texts. (Crowson, 
2006)  

With current technical development the way of illustrating work instructions has evolved. 
From traditionally being visualized by paper and pen nowadays the use of 3D-
visualizations has started to be used. The benefits with the paperless instructions are that 
changes made by the production planner can be done in real time. The administrative 
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costs reduce with less paper drawings. In the production, the operator can see the final 
design of the product and get a better understanding of how the assembling is done. The 
correct process of the assembling is visualized which also reduces the time spent on 
training the operators. (Weber, 2014) 

 Assembling Techniques in the Aerospace Industry 2.3

The complexity of how aircrafts are designed aerodynamically makes it challenging in the 
assembling process. Most parts have a special shape and tools are designed to handle the 
specific details. Changes made in the details require updates of the tools. The tools can be 
divided in different groups depending on what they are used for. Tools for fixturing the 
part during the assembling and jigs position and guides where cutting needs to be made. 
The tools need to be maintained and calibrated to keep its quality.  The term craft 
production is common in the aerospace industry which refers to the special skills needed 
to handle the operations which are mostly done manually. While the aircraft is positioned 
and fixed the assembly process begins and some frequent operations are as following.  

Drilling – Drilling operations in the aerospace industry requires precise drilling tools with 
high quality. Most of the drilling is made manually by skilled operators which require 
expensive tools to retain the high quality needed. Thousands of holes are drilled manually. 
Pilot holes are commonly created before the operator drills the required diameter.   

Fastening – Fasteners are used to fix the parts. The most used ones are rivets, screws and 
bolts. These are usually hammered or squeezed into its spot where drilling has been done.  

Sealing – There are critical areas in the aircraft which needs to be sealed. The wings and 
the sections in the fuselage where the fuel is stored are examples of these spots. Sealing 
are also used in the cockpit where it serves to secure the air not to leak. Sealants can be 
liquid based or taped and it needs to be handled with care because it can easily stick on 
tools and other unwanted spots. (Balaji, et al., 2014) 

 Technical Demonstrators 2.4

Prototypes are generally used as test models of a product that is about to be developed 
and produced. A prototype can come in hand to facilitate the communication between co-
workers, for example about a design or function. It also makes it easier to identify pros 
and cons of a concept. With the help of a prototype, the chances increase to find defects 
before the product goes into production, which can reduce the cost. (Ulrich & Eppinger, 
2008)  

A demonstrator is one kind of prototype that can be used within technical research. The 
demonstrator’s main function is to examine the feasibility of a product or a system. A 
demonstrator can also be used to test and evaluate new applications, tools, principles, 
methods and standards before entering a production. In this case a demonstrator can 
reduce the cost within a company since the opportunity to test new theories is in hand 
parallel with the development process. (Steen, et al., 2014)  

The research center Wingquist Laboratory is working in the field of making more efficient 
product realizations. By implementing new methods and processes in a demonstrator and 
evaluating, the goal is to transfer the knowledge gained through the demonstrator and 
applying into the industry. The implementation strategy can be seen in Figure 1. 
(Wingquist Laboratory, 2015) 



  Theoretical Frame 

 

  7 

 

Figure 1 – The implementation strategy of the Wingquist Laboratory. 

In educational purpose a physical demonstrator can be in hand to demonstrate the 
information and knowledge transfer. For larger companies, with complex products, it can 
be challenging for the employees to get the whole vision of the process and innovation. 
With the help of evaluation from the demonstrator, knowledge sharing can be possible and 
shared understanding gained. (Steen, et al., 2014) 

Demonstrators in businesses are mainly used as a sale tool but also for showing important 
elements in products. The marketing purpose is to show how the product is used and to 
verify its quality. (Kokemuller, 2015) 

 Knowledge Sharing  2.5

The expression knowledge sharing can be used in different contexts but mainly it is about 
exchanging knowledge between people, communities or organizations. Knowledge comes 
in different kinds of categories and can be referred to as information, skills or expertise. 
The knowledge sharing within an organization has become important because of the fast 
growing development of the technology. To maintain the knowledge within the 
organization, and to develop new advantages against other organizations, the knowledge 
sharing is one of the key issues. Challenges the organization will meet when an 
organization implement knowledge sharing is that some of the employees are not fond of 
sharing their knowledge within the organization. Sometimes the organizations also lack of 
a strategy for how to share the knowledge; it is a big challenge within a large company 
with several complex projects. (Bertoni, et al., 2011) 

  Human and Technology Interaction 2.6

As the technology develops, the importance of the interaction between human and 
technology grows. In a context with an interaction between human and machine, 
improved knowledge about interaction design is of interest. Cognitive behavior and user-
centered design could also increase the quality of a product and decrease the possible 
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errors. Knowing how the human response to different applications would help while 
developing a product and analyzing the results. A human and technology system consists 
of people and technology that interacts in a specific context to solve certain tasks.  
(Osvalder & Ulfvengren, 2010) 

 Operator and Technology 2.6.1

A user-interface usually consists of a device that can give the user information on what to 
do and a tool, which helps the user to perform the action suggested in the information. 
There are important parameters to notice when designing a product or a system that has 
an interaction between human and technology. One thing is that the correct information is 
presented to make it easier for the user to interpret and perform the correct action. The 
user’s mental and physical qualities are two leading factors to gain the best interaction 
when designing the user interface. The design principles are foremost connected to the 
cognitive factors the user obtains. If there is a lack of communication within the 
interaction between a human and the machine the risk of errors increases. If the interface 
is missing important information or has information that the user cannot interpret, an 
accident may occur. That is why the interaction design is of importance to avoid human 
errors. (Osvalder & Ulfvengren, 2010) 

 User-Centered Design 2.6.2

The user has an important role when a new product or system is about to be developed. 
The needs and interests of the users have to be identified and analyzed. When the users’ 
goals, tasks and requirements are identified, a system specification can be settled. To see if 
the developed system meets the requirements, several of user tests can be conducted, 
ensuring that the user understands and interprets everything correct. Analyzing and 
evaluating the design of the system will help to refine the system until it meet all of the 
requirements. (Janhager, 2005)  

The paper Cognitive engineering (Norman, 1986) describes that the interface is the system 
for the viewer. The interaction should drive the aim for the design of the interface and the 
ideas you get out of the interface should drive the technology. There is no need to have the 
most advanced technology if the user cannot interpret and use it correct.  

 Task Sequencing Method 2.7

In the development of a product, the tasks to complete the product need to be organized to 
create an effective product development process. As different tasks can have 
dependencies, and take different amount of time, there are tools to visualize the task flow 
in the product development process. Tasks in a product development process can be 
represented by different boxes with information flowing among the different tasks as can 
be seen in Figure 2. This way of representing the sequencing is in an information-
processing perspective. Information needs to be transferred from one task to another and 
this is referred to as a dependency, symbolized with an arrow. (Ulrich & Eppinger, 2008) 

 



  Theoretical Frame 

 

  9 

 

Figure 2 – Different ways of sequencing tasks (Eppinger, et al., 1994). 

The tasks are dependent on each other if B requires A to be finished. This development 
method is in series and is non iterative. Independent tasks mean that they are not affecting 
the output of each other. These processes can be done in parallel. The parallel tasks can be 
completed more quickly compared with in series. A challenging way of organizing 
different tasks in a product development process is the interdependent tasks. A and B, in 
this case, requires information from each other to be finalized. These tasks must have 
continual information exchange and the process is iterative and takes much more design 
time. (Eppinger, et al., 1994) 

 

 Model Construction Systems 2.8

Scale models are used to visualize and show technical details of products. A scale model is 
usually a smaller representation of the real product. By using scale models testing can be 
made without having to create a full size model, which will save both time and money. 
(Science Daily, 2015) 

 Lego 2.8.1

Lego bricks uses the principle of self-locking to connect to each other and the bricks have 
different colors and shapes which make it possible to design and build in endless of ways. 
Lego is easy accessible and is well known all over the world and has twice been named the 
“toy of the century”. (Lego Group, 2015) 

There are plenty of advantages by using Lego as a model construction system. One of the 
main benefits is that the bricks can be reused in different models and the way the parts are 
connected to each other makes it easy to both assemble and disassemble. This is an 
ecological benefit, since no parts needs to be thrown away when models are developed, 
updated or replaced by new models. In the creations of Lego models there is no need to 
use tools, like glue or screws, to put the parts together and the bricks are connected until 
they are decided to be disassembling.  (Ferrari, et al., 2002) 

The dimensions of different bricks are set by a standard to be applicable on each other to 
design models independently from when or where they were made. The parts are made 
very specific to fit together but each brick has different types of dimensions. Some 
dimensions are more important to maintain the connectivity and are more accurate. 
(Cailliau, 2014) 

Over the years, new different sets of Lego models have been introduced on the market. 
The model sets are usually based on the original Lego bricks but in 1977 Lego introduced 
the Expert Builder series, that later changed name to Technic Lego in 1984.  The Technic 
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Lego has a main target group of more skilled Lego users and has a focus on mechanic. It 
comes with more advanced bricks like gears and axes. (Lego Group, 2015) 

There are official tools created by the Lego Group such as Lego Digital Designer (LDD) 
which is free software to use virtual bricks in a creation of a product. LDD is a CAD-
software and parts can only be connected in the software if they can be put together in the 
reality. The use of LDD makes it effective in planning and designing customized models 
before ordering parts. (Oliveira & Johansson, 2011) 

In addition to the normal bricks there is also the Lego Mindstorm system which consists of 
electronic and mechanical parts for creating robotic systems with automation. These are 
programmable for the user and it is possible to design your own system. The use of Lego is 
clean, no tools and external material is needed, which makes it easy to handle and the long 
life time of Lego makes it cost effective in creations of new systems. (Ferrari, et al., 2002) 
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3 Method  

This chapter contains the methods and techniques that have been used during the project 
in order to reach the set goals in a systematic and efficient way. The chapter includes 
relevant theories of the methods and how they have been adapted to suit the project. 

 Strategy 3.1

In order to conduct a research, a suitable research method is important to be able to 
answer the research questions. After choosing a research method a specific research 
design needs to be developed. The research design has the purpose of helping the 
researcher to answer the initial research questions in how to collect the data needed and 
interpret the results. This can be seen as a guide on how the work should be done. (Yin, 
2009) 

 Document Analysis  3.2

Document analysis can be used to gain knowledge of a specific topic or make sure that the 
collected data is valid. The document analysis includes a wide ranch of different 
documents and sources. This can be found at the internet, public archive or companies and 
usually contains information from articles, written reports, protocols, internal documents 
etc. Before publishing it is important to validate the different sources to be sure they are 
trustworthy and reliable. (Yin, 2009) 

 Data Collection 3.3

When gathering data, different techniques of data collection can be used. Interviews, 
observations and focus group are examples of these techniques. (Yin, 2009) Following 
subheadings explains different techniques. 

 Interview 3.3.1

The technique of interviews is quite diverse since it can be used in many different 
situations when collecting data. Interviews are useful in order to find out about how 
people think and act in different situations. This technique is mostly about gathering data 
about a person’s experiences, knowledge or opinions. Interviews can be divided in three 
different types of interviews as unstructured, structured and semi-structured interview. 
Unstructured interviews refer to that the interviewer asks questions that give the 
interviewee the chance to talk freely about their opinions, which give qualitative data. 
Structured interviews is the opposite, the questions is straightforward and mostly gives 
quantitative data. A combination of these can be explained as a semi-structured interview 
where questions have been prepared in advanced but during the session the interviewer 
has the opportunity to allow deviations from the original questions. (Osvalder, et al., 2010) 
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 Observation 3.3.2

Observations are conducted to see how a user acts in a certain context to gain knowledge 
about the task performed and problems that can occur. A direct observation can be time-
consuming and it is important to be as discrete as possible in order to reduce the 
disturbance.  It has the advantage that the task is performed in their right context at 
present time. The observation can be documented through notes, checklist and protocols 
or by the use of a video camera. The observation provides qualitative data. (Osvalder, et 
al., 2010) 

 Focus Group 3.3.3

A focus group is conducted when to discuss a specific topic and capture different opinions. 
The focus group contains of several of people that in a set time have the opportunity to 
discuss the topic with each other. A moderator initiates the discussion and coordinates the 
discussion in the right direction if needed. The people in the focus group can differ 
depending on the specific topic. A certain topic may require that a homogeneous group of 
experts is wanted and with another topic the group may requires a heterogeneous group 
of people. To the session the moderator can provide material as picture, photos or 
products and the session can be documented through notes or recorder in order to 
analyze the discussion later on. (Wibeck, 2011) 

 Product Development Process 3.4

Following a well-defined product development process will ease the work with creating a 
new product, which meets the set requirements. The process will especially be in hand for 
quality assurance since each phase of the process has several checkpoints and milestones, 
which need to be reached before continuing to the next phase. A structured process will 
also help with later improvements of the product documentation is available of the work 
conducted at each phase. (Ulrich & Eppinger, 2008) Figure 3 shows the product 
development process, and each phase, by Ulrich and Eppinger. 

 

Figure 3 – Product Development Process. 

In the concept development phase a wide range of ideas and concepts are created and the 
specifications for each concept are set before the product can be built and tested. The final 
solution of the design of a new product is made iterative, in each phase the product needs 
to be evaluated and modifications added from feedback and new ideas implemented 
before it is totally finalized. The final phases are to add detail and assembling 
specifications to the product and in the end build and test a prototype. (Ulrich & Eppinger, 
2008) 

This section will explain the theories in each phase of the product development process. 
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 Pre-study 3.4.1

A pre-study is conducted to identify customers’ needs and establish target specifications. 
Different techniques to collect data are interviews, observations, surveys, and field studies. 
Before the collection of relevant data starts it is possible that more knowledge about the 
mission statement is of importance, therefore a literature study can be of interest. (Ulrich 
& Eppinger, 2008) 

 Idea Generation 3.4.2

With the set product requirements, ideas need to be generated about how the product can 
be realized. There are several techniques to generate ideas where brainstorming is the 
most common one. The ideas are analyzed from the requirements set in the problem 
statement and can be determined if it is suitable to continue or not. Together with 
comparing the ideas with the set project specifications, analyses can be done by other 
methods such as personal opinions, this could be valuable if the creator is experienced 
enough in the design process. The intuitive feelings are also important in evaluating 
different ideas.  Asking external people, with knowledge of the project, is another option. 
Other colleagues may have more knowledge in the same area and is a good resource when 
analyzing different possible ideas. They could be more familiar with the project and might 
come up with different solutions from the knowledge they have gained by working several 
years in the same area. If there is a lack of knowledge about the area of work, it might be 
needed to ask experts about their opinions. An expert has the knowledge and should know 
what needs to be done. An internal expert would be preferable at the company the work is 
done, because an external may be very expensive. An external expert on the other hand, 
can bring new perspectives and ideas into the generating process. In the end, the ideas 
generated will be used by an end user; therefore another approach for analyzing the ideas 
is to gain knowledge and opinions from the users within the target group. (Niku, 2009) 

One approach to analyze the ideas is to create models to show and test the ideas. Here one 
advantage is to verify if an idea works or not. The model can be very simple and fast to 
make. Both virtual modeling software’s and physical blocks, for example in Lego, are very 
common tools to visualize ideas. As design is an iterative process the models can be 
recreated until a final decision is made. From the analyses of the ideas it is important to 
combine the feedback gained about the ideas to get the best solution to continue generate 
and detail different concepts with. (Niku, 2009) 

 Concept Generation 3.4.3

In this phase of the product development process it is important to generate several of 
concepts to make sure that at least one of them is trustworthy and can be of consideration 
when it is time to choose a final concept. The concept description should meet the needs 
from the customer and the target specifications. The concept can be expressed as sketches 
or models which will represent the product. This step requires to be creative and to see 
what opportunities are possible to satisfy the needs. Compared to the idea generation 
phase this phase includes more detailed ideas and concepts. Different ideas from the 
previous step can be implemented and integrated together to make a new better concept 
that meets the requirements. Same analyzing methods as in the idea generation phase can 
be used. (Ulrich & Eppinger, 2008) 
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 Concept Selection  3.4.4

The set requirements are used to evaluate the concepts and chose what concepts to 
continue with. The concept can be chosen from various methods such as pros and cons 
where the strength and weakness of the concepts are weighted against each other. A 
selection based on intuition or by external individuals is also an opportunity to choose a 
concept. Other methods to use for selecting a concept are concept screening and scoring 
which helps weighting the concepts and identify which ones to continue developing. The 
selection is iterative parallel with the concept generation phase where the generated 
concepts are refined, improved and eventually eliminated until a final concept is chosen. 
(Ulrich & Eppinger, 2008) 

 Detail Design 3.4.5

During the detail design phase the specifications for the chosen concept is set, the parts 
needed to realize the concept, material selection and the geometry details are defined. 
Complete design documentation for the product is finalized and details about how to 
proceed in producing and assembling the product is made. (Ulrich & Eppinger, 2008)  

 Test 3.4.6

The test phase includes refinements and evaluation of the models created. Different pre-
models can be created to test if it is working as intended and later tests are made to see if 
the product meets the set requirements. The prototype is evaluated in the intended 
product environment and focus here is to check the reliability and validate how well the 
product performs and check if modifications need to be done. (Ulrich & Eppinger, 2008) 

 Usability Evaluation 3.5

According to Jakob Nielsen (1993) usability, in foremost engineering, has a definition as 
follow; “Usability has multiple components and is traditionally associated with five usability 
attributes of learnability, efficiency, memorability, errors and satisfaction.” To verify that a 
certain product or system met the requirements and the user needs, a new product or 
system can be evaluated through usability testing.  

A usability test involves human participants and is one way to evaluate the system. During 
the test, when the user performing the task, collecting usability data, time tracking and 
observing the interaction are in focus. After the test is finished, the evaluator has to 
interpret the data and analyze if any errors occurred. If there is any identified problems 
improvements needs to be implemented. (Ivory, 2001) 

 Credibility 3.6

When a research can be replicated and the outcome of the research gives the same results, 
they can be defined as scientific facts.  It is important that the evidence of the research is 
well documented in order to validate and replicate the study. The credibility of a study is 
important in order to verify the quality of the study. This can be done by checking how 
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trustworthy the sources are, how dependable are the data used and the credible of the 
results. Relevant criteria when it comes to checking the research of its credibility are 
reliability; construct validity, internal and external validity. (Yin, 2009) 

 Project Approach  3.7

In order to answer the initial problem statements a project design was created and a 
technical demonstrator within the aerospace industry was developed, which included 
each phase in the product development process. The process was inspired by Ulrich and 
Eppinger with additional methods and techniques. The methods used when developing 
the demonstrator was analyzed in order to answer PS1. To answer PS2 and PS3 the 
developed demonstrator was analyzed. The approach of the project is illustrated in Figure 
4 following by each phase being explained in more detail.  

 

Figure 4 – The approach of the project. 

 Pre-study 3.7.1

The pre-study included document analysis of internal documents, articles and literature in 
order to create a theoretical reference frame of the project. Since the demonstrator was 
developed at Saab AB a current situation description was prepared to adapt the internal 
methods and tools at the company. Gathering internal information was necessary to 
develop the demonstrator for education and knowledge sharing. Continuously research 
about the detail design phase, of how to create work instructions at Saab AB, was done. An 
observation and a visit at Volvo Truck Technology were conducted to collect data and get 
inspiration about how a demonstrator could be realized. The gained data was later used to 
set the specific requirements.  

 Ideation 3.7.2

The ideation contained brainstorming about different scenarios in which the 
demonstrator could be developed and what main elements that was important. A mind 
map was conducted to organize the ideas. The ideas were discussed and evaluated 
together with the supervisors and later the requirements of the demonstrator were set. 
From the requirements a decision of what type of model construction set was made to 
delimitate the outcome of concept. This was necessary due to the time limit of the project.  
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 Concept Development 3.7.3

In this phase the concept of a demonstrator was developed. A concept of the model, the 
stations and the layout of the demonstrator was generated. Evaluations were made 
continuously through discussions with the supervisors to ensure that the concepts had 
opportunity for further development. By evaluating with the supervisors, which are the 
experts in this area, it enlarged the credibility of the project. When the concepts of the 
scale model had been developed an evaluation was conducted to set a final design of the 
model in order to create the assembling sequences. Inputs were also gained from a focus 
group to evaluate the possibilities of the concept.  

 Detail Design 3.7.4

The detail design phase set the final specifications of the demonstrator to create the 3D 
work instructions. This phase was performed with Catia, Delmia and 3DViA, which are the 
industrial software tools used at Saab AB to create the instructions. These were used 
sequential where it started with the design in Catia, which is a CAD-environment, through 
Delmia, which is a virtual manufacturing tools, and finalize the instructions in 3DViA by 
creating a final user interface.  

 Prototyping and Testing 3.7.5

A prototype of the demonstrator, including the station with 3D work instructions and the 
model, was created to be tested and analyzed. Usability tests were conducted where 
several users with different level of knowledge got the opportunity to try the 
demonstrator.  

 Analyzing 3.7.6

To answer the problem statements of the master thesis, the development method of the 
demonstrator needed to be analyzed. This was done by going through the documented 
development process and discusses the most relevant concerns to come up with a 
conclusion and answer the questions. 
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4 Current Situation Description 

Since the demonstrator was developed at Saab AB and specifically describes the 
development of the multirole fighter aircraft JAS 39 Gripen, a current situation description 
was made to find and meet the requirements needed. The chapter covers the GAIS 
research project, how product development is conducted at Saab AB by the use of MBD, 
the product JAS 39 Gripen and how the assembling is done. 

 Global Assembly Instruction Strategies  4.1

Global Assembly Instruction Strategies (GAIS) is a research project with several partners 
involved. The main participant is Chalmers University of Technology, Division of 
Production Systems, and the other partners involved are AB Volvo GTO, Volvo Technology, 
Volvo IT, Saab Aeronautics, SCANIA and Gothenburg Technical College (GTC). The project 
had its start in August 2013 and the plan is that it will run for two years and therefore end 
in August 2015. With increased globalization of production systems it is getting more 
important to have a standardization of the information flow up to the final assembling. It 
will be faster to create instructions for new products and make it more flexible to set up 
new production plans globally. The main goal is to increase the production quality both 
locally and globally by creating new techniques and methods by using smart devices and 
tools (GAIS, 2012).  

One of the inputs to this research project is the demonstrator at Saab Aeronautics that this 
master thesis will develop. From the research project plan (GAIS, 2012) the demonstrator 
has the goal of: “…decrease the non-value-adding (NVA) task for the operators, increase 
quality and transfer the tacit knowledge into IT-support tools.” 

One of the measurable parameters that the GAIS research wants to succeed with is that the 
NVA time will decrease with at least 30 % and the NVA in this context could be searching 
for information. For example, standardization of instruction can be implemented in a 
demonstrator for evaluation before entering the production. The demonstrator can also 
help organizations understand how knowledge sharing is applied at Saab AB.  

 Saab and MBD 4.2

Saab AB started to use MBD during the cooperation with Boeing in 2004 when Saab 
developed parts to the aircraft Boeing 787. Boeing had used MBD and was one of the 
leaders in that field. To be a part of this project, Saab needed to use this new way of 
working. With collaboration between the two companies a common way of work 
procedures was a necessary. The cooperation gave a lot of knowledge about MBD and is 
now used in the development of new aircrafts. (Combitech AB, 2013)  

Pre-studies of MBD at Saab started in 2002 and MBD was applied when developing parts 
to the unmanned aircraft Neuron. The new generation of the multirole fighter aircraft JAS 
39 Gripen is fully developed by the use of MBD. Saab had been using 3D models before in 
the product development; the main difference by introducing MBD was that all the 
required data is set from the beginning and stored in the model. The whole product is 
created virtually and validated before the production starts. For the manufacturing, 
reachability analyses are also done. Different departments have access to the latest 
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product data available and changes made in the model are updated regularly in automatic 
updates through the whole system (Combitech AB, 2013). Before MBD the data from the 
production engineers was usually not available for the design engineers, changes were 
needed to go through different steps since it was usually made of paper drawings. For 
example the production documents of the fighter Gripen C included approximately 50 000 
paper drawings. With MBD the information is stored electronically in data bases (Malm, 
2012).  

An example of how it could look before MBD was introduced can be seen in Figure 5 which 
represents a 2D drawing of an article. By following different standards the product was 
created in the same way (Saab Group, 2015). 

 

 

Figure 5 – 2D drawing with its design requirements. 

Figure 6 shows a MBD model with all its requirements set. 

 

 

Figure 6 – A MBD model with its requirements. 
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The model is created once and can be reused by different departments and here it is 
important to know how the set data is going to be further used to ease each other work. 

There is not much existing methodology about how to proceed in the use of MBD since this 
is a relatively new area. Ongoing research continues to come up with improvements and 
ways to use it in a more effectively way. The methods used for defining the products have 
been created internal by Saab and the information is communicated through different 
systems within the departments to use MBD in the same way (Saab Group, 2015). There 
were some challenges when introducing MBD at Saab. Some departments were not used to 
work with 3D-models and therefore there were some difficulties with reading the data. By 
introducing MBD at Saab the quality in the production has improved where the assembling 
is verified virtually the work instructions has become more user friendly. (Combitech AB, 
2013) 

 Development Process 4.2.1

The data flow for developing a product by the use of MBD can be seen in Figure 7. 
Different departments are working with the same model as this is the main idea of MBD. 
The figure shows how the different databases are connected to each other. 

 

Figure 7 – The development flow by use of MBD.  

From the requirements set by the design engineers a structure is made by the production 
engineers of how the model is going to be manufactured and assembled. Inputs from the 
users and the operators are gained to create as user-friendly instructions as possible. 
Before the 3D work instructions are finished and can be released, the models has to go 
different steps to make sure that the set requirements from the design ends up in the work 
instructions. With this type of work process a modification in the design part enables 
production engineers to always have the latest version of an object. Since JAS 39 Gripen is 
a complex product and produced with long lead times this kind of working procedure can 
be applied in real time. 
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 Engineering Requirement Model  4.2.2

The Engineering Requirement Model (ERM) is used as an umbrella term for the Assembly 
Requirement Model (ARM) and Installation Requirement Model (IRM). 

An ARM is used to collect the requirements for an assembly. It is a CAD-part containing the 
data, dimensions and tolerances and additional notes to define the assembly of a model. 
An example of an ARM can be seen in Figure 8. 

 

Figure 8 – An example of an ARM-part created in Catia. 

The design engineer defines the requirements of a model. Different fasteners, shims, 
bonding and sealants are examples of what an ARM contains and these are shown in the 
final work instruction to the operator. Flag notes are pointed towards the articles to show 
the different requirements.  

 JAS 39 Gripen  4.3

The JAS 39 Gripen is a multirole fighter aircraft. The term multirole is defined for an 
aircraft which can be used for different roles in combat. 

 Fighter aircraft: In this role the aircraft can be used in air-to-air combat against 

other aircrafts. 

 Attack aircraft:  This role includes attacking different targets on the ground. 

 Reconnaissance aircraft: This role is about gathering information and data, usually 

by photos or signal intelligence. 

The aircraft is illustrated in Figure 9. (Saab Group, 2015) 
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Figure 9 – JAS 39 Gripen. 

 

The aircraft characterizes by the combination of the delta wing with canard wings. The 
dimensions can be seen in Table 1. 

Table 1 – The dimensions of JAS 39 Gripen (Saab Group, 2015) 

Span (incl. launchers) 8.4 m 

Length (excl. Pitot tube) 14.1 m 

Height overall  4.5 m 

Wheel track 2.4 m 

Wheel base 5.2 m 

 The Assembling of JAS 39 Gripen 4.3.1

The aerospace industry is different compared to other industries, for example, the 
automotive industry. The amount of produced units each year is low and therefore it is 
possible to design and further develop the product while the manufacturing has started. 
The Gripen is modular and the main assembly parts of the aircraft can be seen in Figure 
10.  
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Figure 10 – The main assembly parts of JAS 39 Gripen (Saab Group, 2015). 

The main structural parts are assembled in different operations with fasteners and sealed. 
Different jigs are used for drilling and mounting and there is minimum of automation 
during the assembling process were most of the assembling is done manually. Figure 11 
shows work done on the fuselage. 

 

 

Figure 11 – An operator’s workspace (Saab Group, 2015). 

 
Gripen is a complex product and contains a lot of small parts. The fasteners are referred to 
as joints and are widely used during the assembling. The fuselage contains about 50000 
fasteners. The modules are delivered to the final assembling where mechanical and 
electrical installations and functional tests are done. The assembling is complex and 
requires operators which are working in parallel. Special tools are used and the 
assembling is done in places which are hard to reach. Figure 12 shows the shop floor of the 
final assembling.  



  Current Situation Description 

 

  23 

 

Figure 12 – The final assembling (Saab Group, 2015). 

 The Use of 3D Work Instructions 4.3.2

In the new generation of the multirole fighter aircraft JAS 39 Gripen the assembling is 
done by the use of 3D work instructions. This section explains how the operator uses the 
instructions in the assembling. The Work Instructions (WI) for each operation (OP) is 
visualized with an external viewer with 3DViA and a standardized web-template created 
by Saab. This can be seen in Figure 13. 

 

 

Figure 13 – An example of a 3D work instruction visualized in the web-template. 

Each WI correspondent to one step in an OP and the operator goes through these to 
perform the assembling. In the beginning of each OP there are general instructions where 
the needed documents are shown. These documents contain the necessary information 
and guidelines to different OP. The 3DVIA template shows the MBD model and contains 
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the WI to carry out the OP. The WI is visualized by text and shows which articles and tools 
are needed and the engineering requirements, Figure 14 shows one example. The part 
number is shown with a description of the part to make sure the correct article is used. 
The Joint Definitions (JD) refers to the fasteners needed in the work instruction and the 
amount of these needed. The articles are linked and by clicking the article it highlights in 
the 3D-view. 

 

 

Figure 14 – A work instruction of a drill operation. 

In some WI, if set by the production planner, complementary notifications are also shown. 
The 3D-model shows the current state of the operation-process and can be fully viewed 
and rotated in 3D.  An example of a 3D-model visualized in the work instructions can be 
seen in Figure 15.   

 

 

Figure 15 – An example of a 3D-model in the work instructions.   
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Measurements and notes can be added to the model. Articles, tools and requirements are 
highlighted in the 3D-model to show what needs to be performed in each WI. The 
completed tasks and previously assembled parts in the OP are faded in the model and can 
be hidden to show the current WI more clearly. Color codes are used to show what kind of 
article is added in the model. Tools for attaching the articles have the orange color to 
differentiate it from other articles and these can also be hidden. Newly added articles are 
represented by the color of green in the 3D-model. 

Different steps in the work instructions used in the operations are explained in Table 2. 
The work instructions use standard texts to be as clear as possible. 

 

Table 2 – Different work instructions 

Work Instruction (WI) Action 

Place part against tool The parts are attached to the tool 

Drill hole A drilling operation is done 

Install fasteners The fasteners are attached 

Place part in best fit The parts are placed as they fits best 

Mount slave bolts The slave bolts needed are mounted 
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5 Demonstrator Development 

This chapter explains how the work with developing the demonstrator was carried out. A 
concept was developed and chosen and during the detail design phase the 3D work 
instructions were created. Each section includes how different methods were 
implemented with partial results. 

 Pre-study 5.1

An extensive research was performed to get more knowledge about how Saab uses MBD 
and the process of creating the 3D work instructions. Research about how the work 
instructions are used needed to be done to identify the most important features. The 
research included collecting data from document analysis, interviews, observations and a 
visit. The document analysis had two focus areas, which were the internal information at 
Saab, and external information that was gathered from theories found in articles and 
literature. The internal information was gathered with help from the supervisors which 
meant that they provided information that they considered important and relevant for the 
project. 

Observations were conducted to get inspiration, more knowledge and to get a better 
understanding of how an operator uses and works with the 3D work instructions at Saab 
AB. This was done to find the most important elements of an operation and to identify how 
a realistic work space could be visualized. It was central to find these elements to realize 
the demonstrator in a realistic way. It has to be possible to understand how the operator 
interacts with the 3D work instruction and to show relevant features. 

A visit was conducted at Volvo Group Truck Technology in Gothenburg, Sweden. The main 
act during the stay was about the former master thesis work, Manufacturing Execution 
Systems Demonstrator Platform (Oliveira & Johansson, 2011) by two students, from the 
universities KTH and Chalmers, which had developed a demonstrator by using Lego.  

 Observation of an Operator 5.1.1

An observation of an operator, which uses the 3D work instructions in his daily work, was 
conducted and can be seen in Figure 16. Some important conclusions from the observation 
were following: 

 Do not have too much information in the 3D work instructions 

 A summary model showing the final model of the operation is useful 

 It is important that the visual 3D-model represents the actual model 
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Figure 16 – The operator in the working environment. 

The operator showed how the assembling is done by following the 3D work instructions. 
Some of the instructions are not followed step by step and each operator has their own 
way of adapting the assembling process, as long as the requirements are fulfilled, based on 
their experience. It is important that the visualization of the 3D work instruction is clear 
and correct in order to reduce errors when the operator interprets the right information.  

Having different parts represented by different colors, in the 3D work instruction, is an 
advantage in order to know what kind of article it is. In the beginning of an operation a 
finalized model of the operation is shown which gives a good overview of the product and 
what task that is going to be completed.  

The articles for each specific operation are gathered in a box at the working station. The 
template shows each operation marked with a number which corresponds to one box and 
the articles have article numbers which are compared with the specifications in the work 
instructions.  

Fasteners are used as standard parts which are placed and easy accessible within the 
working area. These are usually stored in small containers that are refilled when needed. 
Different tools for attaching and measuring is commonly used and shown in the 
instructions. The tools are placed within the working area and are well organized to avoid 
delays caused by tools being missing.  

The visual 3D model should look like the real article; otherwise the operator might think 
that something is wrong. Too much information in the work instructions could also be a 
problem, it is important to show only relevant data in each operation.  

It is common to pre-assemble parts on a bench before attaching the article at the main 
unit. In the work instructions these kinds of operations are shown when the article is not 
attached at any part. The observation protocol can be seen in Appendix A. 
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 Visit at Volvo Group Truck Technology 5.1.2

The visit gave opportunity to interact with the demonstrator, ask questions and get 
inspiration on how the demonstrator at Saab AB could be developed. One station of the 
demonstrator at Volvo can be seen in Figure 17. Several ideas and thoughts grew during 
the stay at Volvo. The most important were following: 

 Have a realistic design 

 LDD is useful in designing  

 Additional information in the layout gives an impression of an educational 

environment 

 

Figure 17 – An assembly station of the demonstrator at Volvo Trucks. 

The demonstrator had several assembling stations and each station was showing an 
important element in the production line. There was an automatically controlled moving 
line using Lego Mindstorm and the demonstrator was built in Lego. The thesis project did 
mainly focus on how the production system worked. The demonstrator gave a serious 
impression of a production system since it was using the real interface and the truck 
models made in Lego looked realistic. Feedback to the user was gained in the last station 
which was a test-station. The user could check if the work had been done correct or not. 
The questionnaire and the following answers are available in Appendix B. A document 
with ideas and thoughts can be seen in Appendix C. 
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 Ideation 5.2

Parallel with the pre-study phase plenty of ideas came up about how the demonstrator 
could be realized. Brainstorming was done continuously during the research and also with 
discussions with involved participants. Inspiration was gathered from different sources to 
create a design of the demonstrator which was realistic and valuable for the company.  

 Mind Map 5.2.1

To come up with general ideas and thoughts, the demonstrator was broken down to four 
main units during the brainstorming in the ideation phase. The units were chosen to 
represent the purpose of the demonstrator with inspiration from previous studies. A mind 
map was done to visualize the ideas gathered during the brainstorming sessions as can be 
seen in Figure 18. 

 

Figure 18 – Mind map of the generated ideas. 

The mind map was created to get more inspiration from the main units. The main units are 
as follows: 

Demonstrator layout: Ideas needed to be generated about the layout of the 
demonstrator. The master thesis, Manufacturing Execution Systems Demonstrator Platform 
(Oliveira & Johansson, 2011), gave inspiration about a demonstrator with sequential 
stations. In a sequential station layout each station depends on the one before. The 
demonstrator could also have stations working parallel. With this kind of layout the 
assembling can be done independently on each station. Combinations of both types were 
also a possibility. Ideas about the ergonomic aspects also came into mind and how these 
could be considered into the final layout design. 
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Educational environment: One important aspect of the demonstrator was the 
educational purpose. Different ideas would differ depending on who the demonstrator is 
intended for. With a focus on the operators the main features would be to show different 
operations and the demonstrator might need to be more realistic. Different assembling 
techniques could be shown and a detailed demonstrator would give an understanding 
about how the assembling is done. For other internal departments, which have less 
knowledge about MBD, the focus could be on the whole process of creating the 3D work 
instructions. An idea was to have two different models, one for each kind of 
demonstration. Consideration had to be taken about developing a model which cannot be 
assembled correctly without following the instructions, since the purpose is to 
demonstrate how the 3D work instructions are used.  It had to include new learnings.  

Marketing purpose: For the customers it is important to show the quality of the products, 
how the help of MBD and the 3D work instructions are able to verify that. It gives value to 
have a strong and good design to show the best of how the work is done at the company. 
The demonstrator could also be portable to be used as a marketing tool at different fairs 
and exhibitions. It could be helpful to get more people interested in how the work is 
preceded at Saab AB and how the use of MBD facilitates the process of developing complex 
products.  

Material: The layout of the demonstrator would in the end depend on the model 
construction set, which is going to realize the scale model. Different ideas were suggested 
from the research and through discussions. The model could both be virtual or physical. 
There were several different options which could build up a model of an aircraft. The first 
ones that came into the mind were Lego and Meccano, inspired from previous work. 
Another option was to use customized real parts from the aircraft. To demonstrate the 
work instructions, complementary videos and posters was also an idea. 

 Requirements 5.3

The requirements were set from the collected data from the pre-study and the ideation. 
This was done together with the help of a discussion with the supervisors. The 
requirements of the demonstrator can be seen in Table 3.  

 

Table 3 – The requirements of the demonstrator 

Requirements Purpose 

Possible Disassembling  The demonstrator needs to be disassembled easily for 
being reused. 

Modular The model construction set needs to be modular since 
the 3D work instructions use a step-by-step method.  

Possible Gripen Design The model construction set must give the impression 
that it is possible to create a scale model of JAS 39 
Gripen. 

Development Potential The model construction set should have potential for 
implementation of automation and system installations 
in the future. 

Availability The availability of parts for the demonstrator needs to be 
considered to be able to further develop the project and 
make it realizable.  
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 Choosing of Model Construction Set 5.4

A more detailed investigation was made on the different model construction sets that 
could be used. The most interesting options were discussed and evaluated together with 
the supervisors and the requirements were in consideration during the evaluation. The 
different sets considered in the project were as following: 

 Meccano 

 Lego 

 Scale Model Kit (SMK) 

 Custom Made Parts (CMP) 

 Augmented Reality (AR) 

After gained knowledge about the different options, an evaluation was made. The different 
options were weighted against the requirements and the two best options continued 
through next stage of a physical test. The result can be seen in Table 4. 

 

Table 4 – The evaluation of the chosen sets 

 Requirement MECCANO LEGO SMK CMP AR 

Disassemble       

Modular      

Possible Gripen Design      

Development Potential       

Availability       

Meets the requirements Yes Yes No No No  

 
Lego and Meccano met the set requirements and were therefore used for further testing 
and evaluating.  

 Physical Test of Lego and Meccano 5.4.1

To test and evaluate what could be used to realize the demonstrator and how the different 
elements could be represented; one model of Lego and Meccano was tested to get a better 
understanding of the different model construction sets. The models that were chosen had 
a lot of different parts to check the possibilities of how the most important identified steps 
could be visualized. The models can be seen in Appendix D. The test was performed by 
constructing the two different models. They were separately assembled by the two 
authors. The thoughts and ideas, which came in mind while building, were documented. 
The result was later discussed listing pros and cons for each model and how they were 
able to meet the requirements. Table 5 shows the pros and cons for Meccano and Table 6 
is the corresponding one for Lego. 
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Table 5 – Pros and cons for Meccano 

Pros Cons 

Modular Small parts 

Possible Gripen design Takes time to assemble 

Mechanical parts Takes time to disassemble 

Flexible Accessibility of parts 

Various colors No official design software 

Electrical engines 

Mechanical tools 

Real and robust 

 

Table 6 – Pros and cons for Lego 

Pros Cons 

Modular Toy-feeling 

Possible Gripen design Plastic 

Mechanical parts No tools needed 

Flexible  

Various colors  

Lego Digital Designer (LDD)  

Lego Mindstorms  

Demountable  

Easy to assemble  

 

Both options of the construction sets were modular and the instructions were easy to 
follow. Both gave the impression of being flexible with the constructing and the 
opportunities seemed endless with the design where the different parts could be 
connected in plenty of different ways. The main difference was that Meccano needed to 
assemble the parts with real tools since it uses real fasteners and metal plates. The use of 
Lego gave a more plastic toy-feeling. The disassembling was easier with Lego where the 
parts could be demounting by just taking apart the bricks. Both of the models contained an 
engine, to be used as a part of the construction and suits as an option for adding 
automation in the process.  

The obtained impression from constructing a model was different in both cases. In the 
case of Meccano it gave a realistic feeling but tighten up the screws took time and was a bit 
frustrating to work with. Another concern was that it was more complicated since it 
contained a lot of small pieces which needed to be assembled in narrow places. Working 
with a complex product took time because of the variation of the different components. 
While the parts took time to assemble, the ergonomic aspect was important. Working at a 
desk while sitting down caused pain in the back and the neck after a while and this needs 
to be considered in design of the demonstrator. 

After a discussion with the supervisors it was decided that the model construction set for 
this project should be Lego. The main benefits were the possibilities of creating a design 
through Lego Digital Designer (LDD) and that its modularity makes it possible to create a 



 

 

34 

model which is easy disassembled and for the demonstrator to be reused. As mentioned, 
Lego gives an impression of being a toy and this need to be considered during the concept 
generation. By creating an impression, and reduce the toy-feeling, it needs to have a 
‘WOW-factor’ where the user feels it is something special and interesting with the 
demonstrator.    

 Concept Development  5.5

With the decided constructor set, Lego, concepts of the aircraft and the overall layout 
needed to be generated and later evaluated. Consideration was taken to create a realistic 
impression and to design the model in a way it can be realized with the available Lego-
bricks. In order to create and design an aircraft it was important to divide the model in 
different modules. 

Different concepts of the layout were generated iteratively during this phase in parallel 
with designing the model. The demonstrator and its stations’ layouts were designed based 
on how many modules there were in the Gripen model and how they were going to be 
assembled.  

This section explains the development of a model and a concept for the demonstrator.  

 Modularizing the Aircraft 5.5.1

Sketches were made about how to modularize the aircraft, as the model needs to be 
assembled by a user to demonstrate the work instructions. An illustration can be seen in 
Figure 19. The ideas were created from comparing how the real aircraft is modular with 
what is possible to create in a smaller scale in Lego. 

 

Figure 19 – Sketches showing how the Gripen can be modularized. 

To create a small model of the aircraft and to divide the work in different stations, the 
fuselage and the wings are the ones which would suit best because they consist of bigger 
modules. As in the reality, the final assembly could be a station where the modules are 
attached together. An idea about how to divide the wing can be seen in Figure 20. 
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Figure 20 – Sketches showing how to modularize the Left Wing. 

 

 The Stations 5.5.2

The definition of a station in the demonstrator is an area, containing an operation, where 
the assembling takes part. To perform an assembling by the use of 3D work instructions 
there is a need to have a device that can visualize the instructions. One station is enough to 
have a demonstration about how the instructions are used. To create a more interactive 
environment with several users, different stations can be connected to each other where 
different parts of the aircraft are transported. A flow chart of a mix of parallel and 
sequential stations can be seen in in Figure 21. 

 

Figure 21 – A mix of parallel and sequential stations. 

In this layout the different stations can work independently. This corresponds to the real 
production of JAS 39 Gripen at Saab AB. In several stations different sections of the aircraft 
is assembled and in a final assembly station the model is assembled together. There is also 
an opportunity to have a test station to verify that everything is done correctly. In each 
station it includes a 3D work instruction developed to fit the corresponding model at each 
station.  
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 Dimensions of the JAS 39 Gripen Model 5.5.3

To give an impression that the model represents a Gripen, the dimensions were of 
importance. The size of the model was discussed and set to be moderate. Building a 
mockup showed that the scale 1:37  was a suitable size to realize the model. This was 
discussed and evaluated with the supervisors at Saab AB and decided to be used for the 
design. The main dimensions used while designing can be seen in Table 7.  

 

Table 7 – The dimensions used for designing the JAS 39 Gripen model 

Span (incl. launchers) 22.7 cm 

Length (excl. pitot tube) 38.1 cm 

 

While setting the dimensions it was important to consider that the model is going to be 
used and assembled several times. As the model is going to be modularized it was needed 
to have a size where this was possible. It was decided to design the aircraft in such way so 
it consists of main modules, which are several pre-assembled Lego bricks. These 
dimensions were used as reference criteria in creating a model with a similar design to JAS 
39 Gripen in the design.  

 Identified Steps by the Use of Lego 5.5.4

The identified steps from the WI are important to show in the demonstrator because the 
final assembly instructions will use the same interface and WI-text as in the real 
workshop. The steps needed to be transferred to Lego. To represent the operations, 
concepts were generated about how this could be done. In Appendix E examples of the 
steps are visualized in LDD. Table 8 shows some identified ways to use Lego. 

 

Table 8 – How to use Lego in work instructions 

WI How to perform the instruction 

Sequential Instructions By following the instructions step-by-step, the result will be 
a complete correctly assembled product. Due to the 
modularity of Lego this could be possible. 

Attach Tool Tools are commonly used and can be represented in Lego 
by having a separate color to make a clear differentiation 
from the articles. The tools can be attached by using 
fasteners made in Lego.  

 Place Part Against Tool To attach an article, the use of tools is common. The tools 
are used to stabilize parts and used as a reference in drilling 
and fastening. A Lego module could represent this way of 
using a tool. The part is placed against the tool and it is used 
to show where on the part it should be attached.  
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Remove Tool As the tool is not a part of the final product it needs to be 
removed. In Lego this can be represented by making sure 
that the next step cannot be performed correctly without 
removing the tool. 

 
Place Part in Best Fit Different parts are put together as they best fit. This can be 

represented in Lego by designing the modules in a way 
where there are not several possibilities of putting the parts 
together. 

 Install Fasteners are used to attach the articles together. The use of 
Lego gives various different options to use fasteners. By 
having different options it gives the opportunity to use the 
Lego fasteners to demonstrate the importance of using the 
correct articles. 

 

 The Gripen Model 5.5.5

To give an impression of being a realistic model of the aircraft, the set dimensions were 
used to design a modular concept of Gripen. With Lego bricks it is problematic to get a 
precise dimension because of its standard size. The created model was therefore designed 
to be as close as possible to the set dimensions.  

Some pre-concepts were at first made by hand, drawings and physical Lego bricks; to later 
continue virtually in LDD as can be seen in Figure 22- Figure 24. The identified WI steps 
were in consideration while designing the model. 

 

Figure 22 – A designed concept of the Gripen model visualized in LDD. 
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Figure 23 – Top view over the designed Gripen concept. 

 

Figure 24 – The different modules of the Gripen model. 

The model can be divided in main modules and smaller submodules. During the concept 
generation, the main modules are shown with different colors to differentiate the modules 
more clearly. In the final model, the Lego aircraft will have a realistic color. The bigger 
wings are an example of a main module, which includes smaller submodules as can be 
seen in Figure 25.  
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Figure 25 – A concept of the wing main module with its submodules. 

The wing main module consists of three smaller submodules, which can be attached 
together with fasteners and form one of the wings. In the same way the fuselage is a main 
module, which consists of smaller submodules as shown in Figure 26.  

 

Figure 26 – A concept of the fuselage-main module with its submodules. 

The remaining main modules, which consist of pre-assembled parts, can be attached 
directly in the final assembling. Figure 27 shows the model in its natural color. Stone gray 
is the name of the gray color which Lego use and was most similar to the color of Gripen. 
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Figure 27 – Concept of the Gripen Model. 

The designed model with the possibilities of combining the modules in different ways will 
be used in the further development of the demonstrator. The aircraft with its modules can 
be seen in Appendix F. The amount of main modules, together with the decided amount of 
operations, will in the end decide how many stations that are needed in the demonstrator.  

 The Layout 5.5.6

A view of a conceptual room for the demonstrator can be seen in Figure 28-Figure 30. The 
concept has several different stations were station 1-3 contains the operation of 
assembling one of the main modules by following the 3D work instructions. After the 
modules are assembled there is a final assembling station, 4, where all the modules are put 
together. There is a test station, the final station 5, to verify that everything is done correct 
and give the user feedback.  

In the concept there are objects and devices needed. Each station contains a table, 
computer with a screen, mouse and keyboard. Small containers that will contain fasteners 
are placed at each station. A storage shelf with boxes containing the modules and parts for 
each operation are included in the demonstrator. When it comes to the experience of the 
demonstrator the room is designed with comfortable lightning and with an ergonomic 
height of the tables and placement.  All of the different concepts of the demonstrator 
layout are shown in Appendix G. The main differences between the concepts are about the 
layout and how the station flow is designed. 
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Figure 28 – Demonstrator layout with the different stations. 

 

Figure 29 – Top view of the demonstrator layout. 

 

Figure 30 – View of a conceptual room for the demonstrator. 



 

 

42 

A proposal of the stations in the demonstrator can be seen in Appendix H. It consists of 
three assembly stations where the fuselage and the wings are assembled before moving to 
the final assembly station.  

 Interview with a Production Engineer 5.5.7

An interview with a production engineer was conducted after a concept of the Gripen 
model, a station layout and a concept of the demonstrator had been developed. The 
interview was conducted to find out more of how an actual production engineer works 
and get his opinion in which way the model could be assembled. The interview was a 
combination of a semi-structured interview, with questions that had been prepared in 
advance, and a smaller workshop, where the production engineer was able to try out some 
Lego bricks. A discussion of the demonstrator was also included and how each station 
could be realized.  While exploring the bricks and the different assembling technics, the 
production engineer explained his insights. He gave opinions about which actions that 
were possible and could be performed accurately in the Gripen model.  

 Assembling Sequences 5.5.8

Different sequences in each station were created to show how the Gripen model could be 
assembled. With the flexibility of Lego parts, the model can be assembled in different 
ways. The assembling sequences for the fuselage and the wing station can be seen in 
Appendix I. The sequences were made in LDD by checking how the modules are connected 
to each other and generate sequences of how the assembling could be realized. Since the 
sequences were made digitally in LDD consideration was taken in the connectivity of the 
parts. The modules were sequenced in a way it would be possible to assemble with 
physical Lego parts. An example of one of the sequences shown can be seen in Figure 31. 

 

Figure 31 – Concept of an assembling sequence. 

By showing the generated concepts to the supervisors, the assembling sequences were 
evaluated by discussions. Feedback told what elements, operations and actions that are 
possible to realize and which one that is the most important for the knowledge sharing 
factor of the demonstrator. The discussion showed that the concepts were possible and 
could be used to assemble the model. The fuselage module suited more to be assembled in 
two different stations as it corresponded more to the reality.  

The modularity and the use of MBD in the development process make it possible to decide 
the final assembly sequences in the detail design phase. 
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 Final Concept 5.6

This section explains the final concept of the demonstrator that includes the three main 
components; the scale model of Gripen, the different stations and the layout of the 
demonstrator. Additional information is explained about how the user should act during 
different operations at each station.  

Each Lego part of the Gripen model in LDD was ordered. By physically constructing the 
model, final modifications was made and a finalized bill of material was created. Minor 
modifications were made due to the instability of some modules and the need to add more 
fasteners to create a more robust design. Some of the parts that were available in LDD did 
not exist in the chosen color of stone gray, which is the most similar color to the real 
aircraft. Different tones of gray were therefore used in some Lego-parts and these were 
mounted in a way to create symmetry in the different shades of colors. There was no 
existing Lego part of the lower part of the panel in the fuselage, therefore it was ordered in 
yellow. This part needed to be colored in gray to give a more realistic impression of the 
model. The station layout was decided from the amount of main modules created in the 
model.  

 The Gripen Model 5.6.1

The final model of the Gripen can be seen in Figure 32, which was created in LDD.  

 

Figure 32 – The final model of the Gripen. 

The model consists of several main modules as seen in Figure 33. In total there are 12 
main modules that together form the aircraft.  
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Figure 33 – The main modules visualized. 

Following main modules are pre-assembled and are not needed to disassemble. These are 
attached together with Lego parts in the demonstrator. The parts are kept in place by the 
use of glue.  

 Forward Fuselage  

 Right Canard Wing 

 Left Canard Wing 

 Right Wing 

 Fin 

 Tail Cone 

 Front Landing Gear 

 Left Landing Gear 

 Right Landing Gear 

Each main module has its own part number. The main modules that consist of submodules 
are following: 

 Left Wing -  three submodules 

 Center Fuselage – four  submodules 

 Rear Fuselage – two submodules and four Lego parts 

The left and right wings are symmetric and designed in the same way. The one that are 
assembled in the demonstrator is the left one. Each module used in the assembling can be 
seen in Appendix J with its corresponding part number.  
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 The Stations 5.6.2

The final flow chart of the stations can be seen in Figure 34. As the wing and the fuselage 
consist of several submodules, these are separated in different stations which can be 
assembled in parallel. The fuselage is divided in two different operations, one for the rear 
fuselage and one for the center fuselage. In the final assembly station the modules are 
attached together to generate the final model of Gripen together with the previously 
assembled modules.  

 

Figure 34 – The final flow chart of the stations. 

The wing station consists of three submodules which are attached together with four 
fasteners by the use of a reference tool, which can be seen as a jig. Figure 35 and Figure 36 
shows the articles needed. This station focuses on how to place the parts against each 
other and the use of external tools to place the fasteners correctly.  

 

Figure 35 – The submodules of the Left Wing. 
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Figure 36 – The reference tool with the Left Wing. 

The stations for the fuselage modules focuses on the use of fasteners as these are 
commonly used in the work instructions. The center fuselage consists of four submodules 
which are attached together with eight fasteners. The fuselage with the articles can be 
seen in Figure 37 and Figure 38. 

 

Figure 37 – The articles needed in the operation for the Center Fuselage. 
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Figure 38 – The articles needed in the operation for the Rear Fuselage. 

The main differences between the two fuselages stations are the amount of articles. The 
Rear Fuselage uses two different kinds of fasteners which need to be attached correctly. 

 The Layout 5.6.3

In order to complete the final concept of the demonstrator several additional objects were 
part in the layout. The most important ones are: 

 A computer or a device which can visualize the 3D work instructions 

 Boxes to store the articles needed to the operations and spare parts 

 Tables and a work space to perform the assembling 

A conceptual view can be seen in Figure 39. 

 

Figure 39 – A conceptual view of the demonstrator. 

These objects are essential in the layout of the demonstrator as these are directly 
connected with being able to perform demonstrations. Additional object that could be 
used is a projector to visualize the work instructions to the participants that do not have 
the opportunity to directly take part in the assembly process. This enlarges the 
educational value of the demonstrator. Informative text should be added in the 
demonstrator room to create an interactive environment with instructions about how to 
use the demonstrator and educational information about different terms and processes. 
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Tables with ergonomically heights and lamps to make sure that the assembling can be 
done without reflections on the screen. A list of the articles needed should also be placed 
at each station where it is clear what each station requires. This makes it easier to start 
over with demonstrations. 

 Detail Design 5.7

When the final concept was set the detail design phase took off. The detail design included 
modeling the Gripen model in the CAD-software Catia and creating the 3D work 
instructions based on the 3D-model of Gripen. In this phase it was important to follow the 
methodology and standards of how MBD is used, to demonstrate the development process 
and easily add future modifications to the model.  

A Lego Catia catalog was used which contained the most common bricks. Some parts 
needed to be designed as they were unusual and did not exist. The used catalogue was 
found on Dassault Systemes webpage and exists in educational purpose to learn Catia 
(Dassault Systemes, 2015). 

 Creation of the 3D Work Instructions 5.7.1

The CAD-model of Gripen can be seen in Figure 40. Each main module is created as an 
assembly and constrained to form the aircraft. 

 

Figure 40 – The modelled aircraft in Catia. 

In each assembly there are Lego CAD-parts. Figure 41 shows the Rear Fuselage model in 
Catia together with its representing Lego brick parts. 
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Figure 41 – The cad-model of the Rear Fuselage. 

 

The submodules were not defined in the design work in Catia to add more flexibility in 
future modifications to the model. The assembly contains additional Lego parts, one ARM-
part with all the fasteners and requirements needed in the assembly. The tree structure of 
the center fuselage can be seen in Figure 42.  

 

 

Figure 42 – The tree structure of the Center Fuselage. 

The part and instance names were following the methodology and structure of using 
standard article names and similarity to the ones used in existent Gripen project at Saab 
AB. This was done to create a realistic demonstrator. How the part numbers were set can 
be seen in Appendix K. 
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To give more recognition, the fasteners also used similar names as in the real design 
process. Three different fasteners were used and can be seen in Figure 43. 

 

Figure 43 – The used fasteners modelled in Catia. 

The fasteners were placed in the ARM-part which is at the same level in the tree structure 
as each part in an assembly. The ARM of the Rear Fuselage is visualized in Figure 44. As 
can be seen the ARM only contains the fasteners used. 

 

Figure 44 – The ARM-part of the Rear Fuselage. 
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Each assembly contains an ARM with the fasteners needed to use in the operations. By 
using virtual manufacturing tools, Delmia Process Engineer and Delmia DPM, the assembly 
sequencing for each operation was created. The parts were added in each WI with 
standard text notes and additional information about what is currently visualized. The 
instructions were created as realistic as possible by using the same type of language as in 
the real work instructions. Additional information was added so that the demonstrator 
could act as educational as possible to inform what the user is currently viewing.  

In 3DViA Work Instruction Composer, colors and 3D view angles were added before 
releasing the final instructions. The final view of the final assembly operation can be seen 
in Figure 45. Views are important to easy follow the instructions and get an understanding 
in how the modules are connected in the assembling. 

 

 

Figure 45 – The final view of operation in the final assembly operation.  

The views and colors was chosen by following the methods used at Saab with inspiration 
from a thesis conducted at Saab AB which was about standardization of 3D work 
instructions (Jakobsson & Unroth, 2015). Figure 46 shows instructions of the Rear 
Fuselage.  
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Figure 46 – A WI in the Rear Fuselage operation. 

The additional notes were added as explanations about how the instructions are used. 
Figure 47 shows the general information WI of the Rear Fuselage operation. Notes can be 
added so that the user can perform the assembling correctly and about what the view is 
showing and explanation about technical terms.  

 

Figure 47 – The general information of the Rear Fuselage operation. 

With the created work instructions and a physical model, the stations can be set up to be 
tested and evaluated. 
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 Evaluation through Testing 5.8

Tests were conducted to verify and prove that the demonstrator fulfilled its requirements. 
It was important to verify that the demonstrator had such realistic approach that the 
internal employees could gain knowledge about MBD and mainly 3D work instructions. 
Usability test were conducted with employees at nearby departments, since they are one 
of the target groups. The employees had different competencies and more or less 
knowledge about MBD and 3D work instructions. The test started with explaining the 
main task to the participants and the general instructions for the 3D work instructions. 
The participants were observed during the test to see their interaction with the 
demonstrator. After completing the test the participant answered some questions about 
what they just had experienced, such as difficulties, improvements, positive reactions etc. 
The important elements were how the participant interpreted the information in the 3D 
work instruction and how they acted when assembling the model. Timekeeping was 
conducted during each operation in the test. 

 Usability Test Results 5.8.1

The result of the tests confirmed that the demonstrator give a realistic impression and is 
able to act as an educational equipment for internal use, both for the new employees and 
the employees at the nearby departments. The demonstrator also has possibilities to be 
used for customers or visitors. They have the opportunity to see how the operator uses the 
3D work instructions that are created at Saab AB by taking the operators role during an 
operations. 

Following insights were gained during the tests: 

 It could be more clear where to perform the operations 

 Some views in the work instructions should be considered if they can be changed 

to visualize how to better assemble. Especially the views consisting of fasteners 

and a module.  

 Average time of five minutes to perform an operation 
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6 Results of the Demonstrator 

A model of Gripen was designed in Lego and 3D work instructions were created. The use 
of tools and development procedures at Saab AB made it possible to create it in a realistic 
way. The demonstrator is conceptual and the final result is presented in this chapter.  

The demonstrator visualizes the interaction between design, process planning through 
virtual manufacturing tools and production through the 3D work instructions. The user 
can see additional notes about what the current view is showing and how different 
components are connected to the 3D-model by selecting the item. The demonstrator can 
be used in the education of new employees, manufacturing engineers, operators and 
design engineers by giving an overview of how 3D work instructions are used. The 
demonstrator also has the opportunity to serve in a marketing purpose for customers or 
visitors.  

Figure 48 shows the demonstrator’s principal task. The demonstrator serves as a link 
between the knowledge barriers within the company. With the help of the demonstrator 
each nearby department can learn and take advantage of others work procedures. 
 

 

Figure 48 – The demonstrator serving as a link within the company. 

The outcome of the demonstrator is the use of the 3D work instructions. Depending on 
how experienced the user is in the developing process of MBD the user will see the 
features differently. As using standard notes, and realistic part number names, a design 
engineer sees how their work is connected to the final assembling. A user who is totally 
unfamiliar with the development process will instead gains knowledge about how the 3D 
work instructions are used as a whole. 

The demonstrator consists of three main components: 

 A physical JAS 39 Gripen developed in Lego 

 Different stations where assembling takes part 

 Overall layout with additional parts needed 

More detailed information of each of them can be seen in the following three subheadings. 
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 Layout 6.1

To serve its purpose, the demonstrator needs to be clear about how it should be used. The 
important elements are the screen, which can visualize the work instructions, and the 
model that is going to be assembled. Figure 49 shows a conceptual view of the 
demonstrator. To show the process more clearly to a larger group a projector could be 
used where everyone can follow the operations step by step. This will make the 
demonstrator even more suitable for an educational approach. As the demonstrator 
consists of four operations it is recommended to have four different stations where each 
station contains its own screen and workspace. Informative text is added at each station to 
make sure that it is clear what the operation is about. The user needs to be informed that 
the Rear Fuselage, Center Fuselage and the Left Wing station needs to be performed before 
the final assembly and the finished modules from the stations needs to be manually moved 
to the final station. It is recommended to have the final assembly station in an area that is 
reachable in every distance from the stations. 

 

Figure 49 – A conceptual view of the layout of the demonstrator. 

The demonstrator layout is based on the four stations. The layout is composed with the 
focus on flexibility. The stations where the three modules are assembled are placed 
together in order to be moved easily to the final assembly station. The shelf that provides 
the boxes, containing the articles needed for each operation, is placed where each 
participant has access without disturbing the other operations. At each table a workspace 
is marked on the table to ease the operation and that the user knows where to start the 
first step in the WI.  

 

 The Gripen Model 6.2

The Model is designed in Lego to look as realistic as possible to JAS 39 Gripen. The final 
model can be seen in Figure 50.  
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Figure 50 – The final model of Gripen in Lego. 

As it was needed to use the model in an educational approach the model is designed in a 
modular way to easily assemble and disassemble the modules. The main modules can be 
seen in Figure 51. 

 

 

Figure 51 – The main modules of Gripen in Lego. 
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Following three main modules includes several submodules and has one operation each 
for the assembling process: 

 The Left Wing 

 The Center Fuselage 

 The Rear Fuselage 

To assemble the main modules it is needed to use fasteners. The different fasteners can be 
seen in Figure 52.  

 

 

Figure 52 – The different fasteners used. 

 

 The Stations 6.3

There are four different operations in the demonstrator. The flexibility of having 
operations makes it possible to perform the assembling in several stations. The flow chart 
of the stations can be seen in Figure 53. By having different stations several users can 
work together in parallel during the same demonstration session.  
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Figure 53 – The flow chart of the stations. 

The assembled models from the Left Wing, Center Fuselage and the Rear Fuselage need to 
be transported to the final assembly station where the model is finalized. To each 
operation there is a box with all the articles needed with its corresponding part number. 
An example of a station can be seen in Figure 54. 

 

 

Figure 54 – The final assembly station. 
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A screen is needed to visualize the operations. The work instruction includes assembling 
instructions together with additional notes about what the user is currently viewing. An 
assembly sequence in an operation can be seen in Figure 55. 

 
 

  

Figure 55 – The work instructions for the Rear Fuselage. 

 Station – Left Wing 6.3.1

The left wing station focuses on the assembling where different articles are placed against 
each other by using a tool. Following articles are used: 

 Three submodules  

 One tool 

 Four fasteners of CY8 

The articles for this station can be seen in Figure 56. The assembling sequence can be seen 
in Appendix L. 
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Figure 56 – The articles needed for the Left Wing station. 

 Station – Center Fuselage 6.3.2

The center fuselage station focuses on the fasteners and how to use them during an 
operation. The operation main task is to assemble the part and submodules in the correct 
order corresponding to the 3D work instruction. Following articles are used: 

 Four submodules 

 Eight fasteners of ZCV5-06 

The articles for this station can be seen in Figure 57. The assembling sequence can be seen 
in Appendix M. 

 

Figure 57 – The articles needed for the Center Fuselage station. 

 Station – Rear Fuselage 6.3.3

The Rear Fuselage station focuses on the fasteners and how to use them during an 
operation. The operation’s main task is to assemble the parts and submodules in the 
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correct order corresponding to the 3D work instruction. Compared to the center fuselage 
station this operation contains more WI’s and two different fasteners. This increases the 
difficulties of the assembling process. Following articles are used: 

 Two submodules 

 Four parts 

 Four fasteners of STD 4326-100 

 14 fasteners of ZCV5-06 

The articles for this station can be seen in Figure 58. The assembling sequence can be seen 
in Appendix N. 

 

Figure 58 – The articles needed for the Rear Fuselage station. 

 Station – Final Assembly  6.3.4

The Final Assembly station is the last station in the demonstrator where the Gripen model 
is finalized. The main focus is to get an understanding about how different modules will 
form the aircraft. 

Following articles are used: 

 12 main modules where the Center Fuselage, Rear Fuselage and the Left Wing are 

finalized from previous stations 

 12 fasteners of ZCV5-06 

 Four fasteners of STD 4326-100 

The articles for this station can be seen in Figure 59. The assembling sequence can be 
seen in Appendix O. 
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Figure 59 – The articles needed for the Final Assembly station. 
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7 Discussions and Analyzes  

There have been several challenges while developing the demonstrator. There are not 
many theories found about how to proceed in the development process of a technical 
demonstrator in the aerospace industry. The carried out work was inspired from product 
development processes in combination with additional methods required and the 
company’s internal methods. The first part of this section analyzes and discusses the 
approach of developing the demonstrator and the second section discusses the most 
relevant aspects about the demonstrator. 

 Developing a Demonstrator  7.1

In this thesis, one of the problem statements was about what approach to use when 
developing a technical demonstrator. Generating concepts according to the product 
development process made it clear that three parallel components needed to be 
developed. The Gripen model affected the entire demonstrator, as it was central in the 
creation, Figure 60 shows the relations between the components. 

 

 

Figure 60 – The three main components in the demonstrator. 

Why the model took the central part in this case was from the requirement to have a visual 
appearance to the Gripen. The designs of the stations were affected on how the Gripen 
model was assembled. Hence, each station affects the overall layout in the demonstrator. 
This led to an iterative process where the different components affected the outcome and 
had a dependency on each other’s final result. It was clear that an interdependent 
approach was used in the development of the demonstrator. The process of developing the 
demonstrator can be seen in Figure 61. 

Layout 

Stations 

Model 
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Figure 61 – The process of the developed demonstrator.  

The three components in the demonstrator needed to be developed simultaneously with 
information exchanges in the development process. There is nothing that argue against a 
process of first determine how many stations wanted and later, according to the number 
of stations, create the operations. This approach would have put the stations in the center 
of the development process. The only problem could be that the model has too few options 
of creating various and interesting operations in the end.  

The iterative product development process made it difficult to predict the final design of 
the demonstrator. The Gripen model was continuously modified during the process in 
order to create the 3D work instructions. As the project included several new industrial 
tools it was difficult to know how different parts in the design work were consumed later 
in the process. MBD was a new term and the advantages of implementations of changes in 
the design process were of benefit to ease the work during of the interdependent tasks. 
This became quite clear when modifications needed to be made when developing the work 
instructions. The model was updated until the final 3D work instructions were done and it 
became very clear why 3D-based modeling has started to grow in companies developing 
complex products. This way of working also requires a user with knowledge about how 
the development tools were working. An accidental change affects the result and in worst 
case could erase the work done. It was clear how important it is with different change 
requests and access to different areas in the development process and to keep a backup of 
everything to prevent unwanted changes. 

Modifications and implementations were an ongoing process through the whole project. 
When the detail design started, minor modifications had to be made to realize the model. 
During the detail design the current situation description was valuable in order to develop 
the demonstrator as realistic as possible. It worked as a guide due to the purpose of 
demonstrating the methods used at the company in a realistic way. 

The evaluations made during the project were mostly done by discussions with 
supervisors. Since they have knowledge about the methods used at Saab AB these 
evaluations seemed suitable. This was a way to make sure that the demonstrator provided 
a realistic impression. It may have affected the final result due to opinions from a few 
people that worked at the company and already had a picture of what they were looking 
for. Since the requirements and the concepts were difficult to measure, other evaluating 
methods were never an alternative in a larger extent. The requirements could have been 
more measurable to ease the process of evaluating. But since the process of developing the 
demonstrator mostly consisted of developing the Gripen model it was a lot of design and 



  Discussions and Analyzes 

 

  67 

appearance that had to be set. In this case the aircraft of Gripen served as a reference in 
order to decide whether it is a good design or not. 

The developed demonstrator at Saab AB has the purpose of visualizing the interaction in 
the development process by the use of MBD. By following the project’s development 
process it was possible to realize a technical demonstrator by developing a physical 
model, stations and a layout. These three components in a demonstrator could differ 
depending on what the purpose of it is and therefore it is important to do initial research 
about how the demonstrator is going to be used. 

 The Model 7.1.1

Approximately half of the project was about designing the model of the aircraft, from 
sketches to a final physical model with its corresponding 3D work instructions. As the goal 
was to realize a model it was at one milestone decided which design to continue with. In 
consideration with the supervisors it was decided that further modification may be easier 
to conduct when there is a physical model ready. The work with MBD made it possible to 
make this decision of detailed modifications later in the process. 

A research about model construction sets were conducted but only the concepts of a 
demonstrator that provides a Lego model was developed. It would have been interesting 
to develop a demonstrator with different model construction sets and compare the test 
result. In that case it would have been possible to see which option the participants gained 
most knowledge about in the MBD-process. Due to the time frame, and the requirements 
expressed by Saab AB, no other concepts were developed. Testing and evaluating the 
different choices of model construction sets was necessary to verify if the correct one was 
chosen. It gave inputs and information about what to use in this demonstrator. It was clear 
that, depending on the product and the purpose of a demonstrator, the choice varies.  The 
main focus might be different in other industries and projects; hence this needs to be 
considered during the development of a demonstrator. 

One great benefit was the use of LDD. It eased the worked while designing and creating the 
model virtual as a first step, instead of using physical Lego-bricks. It was also useful in 
showing the different concepts, in a pedagogical way, during the evaluation of the 
concepts. The process with designing the model was time-consuming. Even though the 
time spent on designing the model, additional details and more concepts could have been 
generated. As predicted there was a difference between the LDD model and the physical 
model. LDD was a new CAD-device and it was difficult to know the accuracy of the virtual 
model compared to the actual physical model. Modifications needed to be made to create a 
more robust and stable design and it was clear that issues may occur when transferring a 
model from the virtual environment into reality. 

While developing a physical product there is a dependence on suppliers that provides 
material. Lego is widely used all over the world and there are many companies specialized 
in selling Lego parts. The lead times to get the parts were about 1-2 weeks, which was 
quite short and doable. It is important before ordering to check reviews about the shops to 
see how reliable they are. The price of the parts differed but as the Lego parts are 
relatively cheap, compared to other material used in the real aircraft, no widely 
comparison was made to get the cheapest price as possible. One concern was that the 
availability of getting the parts could have been checked before using them in LDD. This 
would have saved time because of the modifications which needed to be made, due to lack 
of some parts, to realize the final model.   
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 The Stations 7.1.2

At each station and its operation in the demonstrator there was a need to develop 3D work 
instructions. This might be different if the demonstrator is going to visualize something 
else. The model had to be created in an industrial CAD environment. It was time-
consuming and challenging as none of the group members had any experience in the 
specific CAD-software used at the company. The project planning had taken that in mind 
when structuring the approach of the work. This made it clear about how important 
project planning is when there is a challenge to take in consideration, in this case is was 
about learning new tools. The current situation description that was prepared helped a lot 
during the developing of the 3D work instructions. The supervisors’ expertise and the 
access of asking employees at the nearby department was also valuable. With this help 
from internal contacts made the creation of 3D work instruction realistic and trustworthy.    

 The Layout 7.1.3

Since the purpose of the demonstrator was created by Saab AB some innovative ideas 
might have got lost. The result might have differed if another demonstrator had been 
developed. Hence, it was important to make up ideas and do research if the purpose of the 
demonstrator was correct or not from the beginning. It was made clear that the purpose of 
the demonstrator has a central role in the overall layout. For example in a demonstrator 
focusing on a production line it is useful to have automation. The visit at Volvo made this 
clear about how a technical demonstrator could be developed with different focus.  

 The Demonstrator 7.2

The approach, of using a demonstrator in sharing knowledge about technical processes, is 
an interesting idea and is probably going to grow as the complexity of technology 
improves. This leads to needs of sharing knowledge about new processes. Since the 
demonstrator has not been tested in a longer extent at the company, it is difficult to say 
how much the demonstrator helps within the organization. The test that has been 
conducted showed that the participant got a positive impression and gained knowledge 
about the MBD-process by the use of the demonstrator. Further testing has to be 
conducted in order to confirm and verify that the demonstrator can act in an educational 
purpose in an extensive context. The test indicated that a demonstrator provides a fun and 
flexible way of learning. There are still some questions that have to be answered, how 
much value it is to have a demonstrator and if this is the best solution of learning the MBD-
process. The demonstrator developed in this project is a proof of that it is possible to gain 
knowledge about the MBD-process.  

 The Model 7.2.1

The design of the aircraft was important. The design was limited to give a good overview 
of Gripen. By following some guidelines about the dimensions of the aircraft the final 
result is a Gripen look-a-like. It is important to not see the Lego-model in a mechanically 
perspective compared with the real Gripen. For example the landing gear is fixed and the 
air-intake is missing. Designing the air-intakes in Lego was quite difficult to gain the real 
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expression and therefore they were eliminated.  The focus was to get an impression that it 
is the Gripen and that is believed to have been accomplished.  

The modularizing of the model was central in order to create the corresponding 3D work 
instruction. The modularizing was inspired from the real Gripen and how the assemble 
took part. Since the model is developed in Lego, with its already set dimension, 
simplification was necessary. Since the model cannot take too long to assemble nine 
modules are already assembled and finished. These modules do not have to be 
disassembled. If it is possible to disassemble these parts they may mix up with parts from 
other modules. To ease the problem the modules that do not have an operation are glued 
together to reduce the errors of missing and mixing parts.  

Most people have knowledge about how an aircraft look like and this could be a problem. 
When, for example attaching the wings and the fin, it is quite obvious where the modules 
need to be assembled. It might be a good idea to have an instructor explaining that the 
work instructions visualize how the work is done, before the assembling takes part.  This 
was considered while modularizing the aircraft. In some cases the size of the model was 
too small to have the module divided in several submodules. To develop a larger scale 
model, in order to create more submodules, would have been complex due to several 
additional parts. In consideration with the supervisors the scale of the chosen model was 
preferable.  

A few appearance changes were also done because the model appeared different virtually 
compared with the physical Lego parts. Some Lego parts, which were available in LDD, 
were not available in the color needed or they were missing. To solve the problem, of 
missing parts in the accurate color, the parts were colored. Coloring is possible but it was 
time-consuming and the holes where the fasteners are attached get a bit more friction 
which can make it harder to attach the parts together.  

After some research on how the Lego parts should be designed in Catia, a Lego Catia-
catalog was found where most of the parts were available. This made the process much 
more efficient instead of sketching each Lego part. When creating the assemblies in Catia, 
the parts could have been constrained in a more systematic way to be easier to follow in a 
later process. As it is now the parts are constrained surface-to-surface which makes it a bit 
more complicated to check how the parts are constrained and to redefine the position if 
changes need to be made. In the actual Gripen environment, when designing the real parts, 
they are positioned to one main origin of the aircraft. This should have been done to the 
Lego model to ease the work later in the process, but it do not affect the final result of the 
users’ view of the 3D work instructions. 

 The Stations 7.2.2

The educational aspect is important when the 3D work instructions, to assemble the 
model, needs to be followed correct to get an understanding of how these are used in 
reality. It should not be possible to assemble the model by just viewing the parts, then the 
educational purpose of gaining knowledge might get lost. In the same time it was 
important to make it in a level where the participant does not get frustrated. That can 
happen if the assembling is too difficult or time-consuming. The left wing, center fuselage 
and rear fuselage was chosen to represent and visualize the operations. If every module of 
the aircraft had been broken down into more submodules and parts, the assembling was 
believed to have been very time-consuming and difficult to perform. The amount of steps 
in the operations needs to be further tested to see if these are enough to serve its purpose. 
As the possibilities are endless, further modifications by adding or removing assembling 
steps are a possibility. 
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Fasteners are commonly used in the demonstrator as in the reality.  To give a better 
representation in the instructions, and enlarge the educational aspects, other common 
operations such as drilling, sealing, bonding and the use of shims should also be added. 
These might be problematic to put in a reusable model but one possibility is to add these 
in the instructions without the need to perform any action. Additional notes could explain 
that these operations exist and how they are performed in the reality. 

When developing the 3D work instructions the work flow followed the accurate work flow 
at the company. Since it was the visualization of the work instructions that the user is 
going to see, and interact with, focus on a realistic appearance was important. 
Furthermore it was important that the instructions were easy to follow and that the user 
can interpret the correct information. To gain that realistic appearance of the interface the 
work flow of creating the instruction was quite detailed. Some examples are that the 
model uses the same method of naming the articles, parts and assemblies. The detailed 
process of creating the work instructions are helpful when modification needs to be done. 
The main goal was to accomplish the work instruction as realistic as possible. The 
conducted test proved that the instructions are realistic but in the same way possible to 
understand for a person that have minor experience in this area. A further advantage of 
this detailed design process is that the demonstrator can be used to test new methods and 
ideas before they enter the reality.  

 The Layout 7.2.3

The overall demonstrator is conceptual because of limitations in access of an area where 
the demonstrator could be installed. This led to less time spent on designing the overall 
layout and instead focus was on designing the Gripen model and creating the 3D work 
instructions. This is an important area for further research since the environment the 
demonstrator will be used in is essential. With a decided room the layout is easier to 
design and improve when there are set dimensions to follow. One important aspect to 
consider while designing the room is to know what the room is going to be used beside the 
demonstrations. It might be problematic to install permanent stations in a conference 
room; a more flexible demonstrator could then be more suitable. The designed layout 
considered a room which is mainly about to be used for the demonstrator. The model, and 
its operations, has been designed to be as flexible as possible. As now the purpose is to 
visualize 3D work instructions and the device needed is a computer with a screen so the 
user can navigate through the instructions. In order to increase the educational aspects of 
the demonstrator one suggestion is to add a projector in the room. With this projector the 
participant, that do not have the opportunity to assemble the model themselves, can 
follow the work instruction on the screen and hopefully gain knowledge of how the 3D 
work instructions are used.  
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8 Conclusions 

Having a main purpose of the demonstrator in sharing knowledge about MBD, from design 
up to the final assembling, this thesis work has shown that a demonstrator could be 
developed with an interdependent approach. By designing a model, stations and an overall 
layout iteratively with a product development process and additional internal methods, a 
demonstrator was developed.  

A physical model provided a flexible and interesting way of sharing knowledge to the user 
who interacts with the demonstrator. To have users assembling a physical model in 
different stations, the modularity is important and central in the design. Lego is a useful 
model construction set for educational purpose because of its modularity and design 
opportunity. This is proved by giving an impression of an advanced aircraft. To reuse the 
model in the demonstrator the modularity makes it easy to dissemble. 

From an educational aspect, the most relevant elements should be shown and using a 
technical language which is easy to understand so that everyone can take part. To show a 
process or a method it is important to create it as realistic and correct as possible so that 
the user gets an authentic impression, especially with a model made in Lego which could 
give a toy-feeling. Depending on whom the user is, different preparations and instructions 
should be used. To a user who is non-familiar with the expression MBD, it might be more 
useful to just show how the 3D work instructions are used and focus on the assembling. A 
more experienced user could go deeper into the process of how the instructions are 
created and how the technical terms are used in the final user-interface. The recognition 
factor is important for the experienced user which means that the development process 
needs to be as realistic as possible.  

This work covered the creation of a demonstrator in the aerospace industry and the use of 
model based definition. It is a relatively new area with not many theories. The product 
development process approach of this project could inspire people to similar concepts in 
different industries. As the complexity of technology grows, the need of knowledge sharing 
and testing new methods is believed to increase.  Using a demonstrator in this purpose can 
be helpful for evaluating different systems and reduce the errors in the product 
development process. A technical demonstrator is a fun and useful way of sharing 
understanding about development processes and 3D work instructions. It can encourage 
people to a new enjoyable way of learning. 

 Future Studies 8.1

This project has created a scale model of JAS 39 Gripen and developed it with the tools 
used at Saab. The future work is mostly about setting up the demonstrator with everything 
needed to create an interactive educational environment.  

The 3D work instructions were central in the creation of the demonstrator as it is what the 
user interacts with. As the created product follows the methods of MBD at Saab AB, the 
whole development process can be shown to the user. The demonstrator could show how 
changes made in the design process will affect the outcome of the assembly work 
instructions and share knowledge about the advantages in the use of MBD.  

With the flexible use of Lego, and the modular design of the Gripen model, additional 
features could also be added in the work instructions. System installation could be shown 
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and how functional tests are conducted. More research, about how this could be visualized 
with the demonstrator, needs to be done.  

Another important aspect, which needs to be further investigated, is how much value a 
demonstrator can create for a company. More tests needs to be conducted and evaluated 
to see if the demonstrator fulfills its intended purpose to act as an educational 
environment. Users from the target groups, both internal and external, should test the 
demonstrator. With more feedback the demonstrator can be modified to suit its purpose 
as good as possible. 

Other product development approaches should also be further investigated and see what 
other possible methods that could be used to realize a demonstrator. 
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Appendix A – Observation of an Operator 

Occupation: Operator, worked at Saab for 2 years. 

Purpose of the observation: Get more knowledge of how an operator uses the 3D work 
instructions. 

Context: The production at the final assembly of JAS 39 Gripen E.  

Record of the observation: Writing (special permit required of taking photos at Saab AB). 

 

 

What is being performed? The daily routines of an operator, how he acts during an 
operation and follows the work instruction. How he interpret the instructions to make an 
action.  

What events occur in the various procedures? Place part against tool, place part in best 
fit, handle detail, drill a hole, mount slave bolt etc. 

The ergonomic aspect of the work: The condition is not good. The operator has to bend, 
stretch and lie inside the plane to reach the details that has to be installed.  

Time to conduct a step: Differ a lot. 

Time to conduct an operation: Differ a lot. 

How does the operator react during the execution of a certain operation? Depends on 
which step that is performed. If the operator knows the step well and no problem has 
occurred in the instruction he acts calm and focused. If something is not what he usually 
sees on the screen, he stops and starts thinking what is wrong, sometimes the instructions 
do not give any feedback of what is different from the usually instructions and he needs to 
solve the problem himself. 

Thoughts and reflections during the observation: He does not follow the instructions as 
you supposed to do. He has knowledge and experience and sometimes it is enough to just 
read the first sentence and then you know what to do. The operators usually know how to 
perform an operation and therefore they do not follow the instructions completely 
because they are the expert and know how to assemble best.    
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Appendix B – Volvo Questions and 
Answers 

How is the disassembling done of the demonstrator? The parts are demounted and 
placed in boxes next to each station. 

How much was LDD used during the project? It was used during the whole modeling 
phase and designing of the truck. 

How much contact with Lego was hold? Personal contact with Lego was hold continually 
during the project. 

How was it to order parts directly from Lego? The contact with Lego helped with finding 
correct articles and geometry data. Lego have had cooperation with Volvo where Lego 
models of Volvo construction cars have been sold officially so it was not so hard to 
continue having cooperation. For Saab it could be a problem to have direct contact with 
Lego because of the involvement in the military industry.  

Were there any problems while modeling the concept? There were some problems with 
getting the correct angles. This needed to be tested.  

How much time does one station take to finish? In average it takes two minutes. An 
experienced user can finish one station in around one minute.  

Who is the target group of the demonstrator? R&D departments and is used by internal 
employees for kickoffs. By managers who wants to get a better understanding of the 
production. It has also been used on fairs. 

How much was spent on Lego? Estimated cost on Lego pieces are 100 000 Sek.  

How long did it take to develop and realize the demonstrator? The first model of the 
demonstrator was realized in 20 weeks by two thesis workers. Later implementations 
have been added. 

How did you identify what to show in the demonstrator? Field studies in the production 
area to get a better view over how the production worked. It also included observations 
and interviews with operators and other employees with knowledge about production.  

What does the laptop screens show? The assembly work instructions for each station 
with feedback if the parts have been correctly added. 

Did you consider any other construction model kits? Meccano was considered. 

Why did you choose Lego? Lego is easy to use, relatively cheap and the possibilities of 
adding automation by Lego Mindstorms. 

Did you design the model of the truck from improvisation or any similar Lego model? 
Took an existing model of a Lego truck and modified it.  

Other ideas to share? It is important to make it realistic and have a structured and 
measurable environment. It can also be a problem with ordering parts with lead times. 
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Appendix C – Volvo Visit Inspiration 

Following thoughts, ideas and inspiration was gained from the field studies conducted at 
Volvo, 2015/02/19 

 Signs at each station explaining the concepts, thoughts and values. 

 A screen that displayed data from the process of the demonstrator. The data 

includes the time spent at each station, if the station was completed or not or if an 

error had occurred. 

 Quality Assurance Traceability. 

 The stations were lacking some instructions to know exactly what to do. 

 Important to have a structured and a measurable demonstrator. 

 A demonstrator to raise the interest of production (at Volvo). Can be adapted into 

Saab as well. 

 A vision of having several demonstrators that can show the whole process. 

Including an area where the product development is done and an area where the 

production engineers is conducted and after that the production line. With this it is 

able to show how a modification in the product development goes through 

manufacturing and later in to production. With this you have the possibility to gain 

knowledge about the whole process. 

 Important to have something that is quite realistic and robust to get the WOW 

factor from the audience. 

 Scania uses interactive glasses to transfer information. 

 XM-reality. 

 A test station gives feedback to the user if the work has been done correctly. This 

could be from checking symmetry, testing mechanical axes, stability of the parts.  

 General inspiration about how a product can be modularized in Lego. 
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Appendix D – Model Construction Sets 

Figure 62 and Figure 63 represents the used models of Meccano and Lego during the 
testing. 

 

Figure 62 – The Meccano model. 

 

 

Figure 63 – The Lego model. 
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Appendix E – Using Lego in Instructions 

Figure 64 show two articles. The white articles correspond to the articles and the orange 
part is a tool. The black articles are the fasteners. 

 

Figure 64 – The articles needed to perform the operation. 

 
An example of the WI ”place part against tool” is shown in Figure 65. The tool is used to 
later attach the articles together.  

 

Figure 65 – The part is placed against the tool. 

Using the tool as a reference the work instruction ”place part in best fit” could be used as 
shown in Figure 66.  

 

 

Figure 66 – The second part is “placed in best fit”. 

With the tool showing where to install the fasteners the parts can be mounted together as 
can be seen in Figure 67. 
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Figure 67 – Fasteners are installed. 

Removing the tool will show a completed operation as can be seen in Figure 68. 

 

Figure 68 – The complete model after the operation. 
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Appendix F – A Concept of Gripen in Lego 

The modelled Gripen in Lego with its modules can be seen in Figure 69. 

 

Figure 69 – A concept of Gripen and its modules. 
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Appendix G – Demonstrator Layout   

Concept A 

The layout consists of five stations and a storage shelf as can be seen in Figure 70 and 
Figure 71. At each station there are small containers with fasteners and a computer and 
devices to follow and interact with the 3D work instructions. At the first three stations the 
focus is on building specific modules.  

Each station has an operation that the user can perform by following the 3D work 
instruction given on the screen. Each station is working parallel so that they can be built 
independently. The operations has to be complete before the modules can moved to the 
forth station which is the final assembly station. Here one more operations need to be 
completed and the other modules that are needed to finish the multirole fighter can be 
found in the box, at the storage shelf, that corresponds to the same operation. When the 
assembling is done, the fighter moves on to the final station which is the test station. The 
test station verifies if the model is completed without faults and gives feedback to the user. 

 

 

Figure 70 – Top view of the layout of concept A and B. 

 

Figure 71 – View of a conceptual room for concept A and B. 
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Concept B 

Same as in concept A, the layout consists of five stations and a storage shelf. At each 
station there are small containers with fasteners and a computer and devices to follow and 
interact with the 3D work instructions. At the first three stations the modules are built, the 
focus at each station is on different ways of assembling, for example fasteners at one 
station and joints in another. Each station has an operation that the user can perform by 
following the 3D work instruction given on the screen.  

Each station is working parallel so that the modules can be built independently. The 
operations has to be complete before the modules can moved to the forth station which is 
the final assembly station. Here one more operations need to be completed and the other 
modules that are needed to finish the multirole fighter can be found in the box, at the 
storage shelf, that corresponds to the same operation. When the assembling is done, the 
fighter moves on to the final station which is the test station.  The test station verifies if the 
model is completed without faults and gives feedback to the user.  

 

Concept C 

Concept C has a different layout then concept A and B, see Figure 72 and Figure 73. Both 
concept A & B can be applied on concept C’s layout. 

 

 

Figure 72 – Top view of concept C layout. 
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Figure 73 – View of a conceptual room for concept C. 

 

Concept D 

Concept D consists of only two stations; see Figure 74 and Figure 75. One is the assembling 
station and the other one is the test station. The layout of the demonstrator also consists of 
a storage shelf, a computer and its devices, tables and boxes.  

At the first station the assembling takes part. By following the 3D work instructions on the 
screen the different operations will be performed step by step and the modules will be 
built separately at first and in the end all the modules will be put together as the final 
assembly. When the model is complete it moves on towards the test station where the user 
can verify that their job is done correct.  

 

 

Figure 74 – Top view of concept D layout. 
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Figure 75 – View of a conceptual room for concept D. 
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Appendix H – Concepts of the Station   
Layout 

The modules in station 1 as can be seen in Figure 76 together with station 2 in Figure 77 
can be assembled in parallel.  

 

Figure 76 – Station 1, Wing. 

 

Figure 77 – Station 2, Fuselage. 

Together with the assembled modules from station 1 and 2 the final assembling is done in 
station 3 as shown in Figure 78. 

 

Figure 78 – Station 3, Final assembling. 
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Appendix I – Concepts of the Assembling 
Sequences 

The assembling sequences are visualized in this appendix. The colors in the figures 
symbolizes as following:   
 
Orange – A visual representation of the finished model in the station. 
Green – A green article represents a new article in the operation. 
Red – Red shows new fasteners.  
Gray – The color gray represents an article which has been previously assembled. 

Figure 79 and Figure 80 show the assembling of the fuselage. This could be two different 
stations or in the same station. The two finished parts are then assembled together as can 
be seen in Figure 81.  

 

Figure 79 – Concept of the assembling of the Rear Fuselage. 

 

Figure 80 – Concept of the assembling of the Center Fuselage. 
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Figure 81 – The Center and Rear Fuselage are put together. 
 

Another concept of how the assembling sequence of the fuselage could be done is to use 
several articles in the same operation. Figure 82 and Figure 83 shows how this could be 
performed. With several articles assembled, the amount of steps in the operation to finish 
the model reduces. 

 

Figure 82 – The assembling of the Rear Fuselage. 

 

 



  Appendix I – Concepts of the Assembling Sequences 

 

  97 

 

Figure 83 – The assembling of the Center Fuselage. 

Another idea is to have the two parts in the fuselage assembled in the same operation as 
can be seen in Figure 84. The fuselage is finalized in the same operation. 

 

Figure 84 – The assembling of the fuselage. 

The wing submodules can be assembled as in Figure 85-Figure 87. 

 

Figure 85 – Wing submodule 1. 
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Figure 86 – Wing submodule 2. 

 

Figure 87 – Wing submodule 3. 

To connect the different submodules, a tool, which is represented in the color of orange, 
can be used as seen in Figure 88. The tool is used as a reference to finalize the operation 
and attach the submodules together. 

 

Figure 88 – The wing main module attached together. 
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Appendix J – The Modules of the Gripen 

The modules needed to assemble the Gripen in Lego can be seen in Figure 89 and Figure 
90 with its corresponding part number. 

 

 
 

Figure 89 – The final modules needed in the Lego model. 
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Figure 90 – The modules needed in the Lego model. 
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Appendix K – Part-numbering 

Each part number has the number of 1999XXX-YYY and is following the structure of: 

 The instance name of an assembly is using the name of the main module 

 The instance name of a part in an assembly is using the name of the assembly 

added a number starting with 0001 

 In a part XXX is replaced with 110 if it’s a part which is used in several different 

assemblies. These are the standard part number. As Lego parts are flexible to use 

and most of the parts are used in different assemblies the use of standard parts are 

common. 

 YYY is replaced with a unique number starting from 001  

 In an assembly XXX is replaced with a number depending of the main module. The 

numbers can be seen in table XXX. YYY is replaced with 501 as it is an assembly. 

 The part number of the ARM in each assembly started with ARM_19999XXX-501, 

where XXX is replaced with the number in table XXX. 

Table 9 – How to number the parts 

Assembly Part number - XXX 

Rear Fuselage 171 

Center Fuselage 113 

Forward Fuselage 113 

Left Wing 222 

Right Wing 223 

Left Canard Wing 211.01 

Right Canard Wing 211.02 

Tail Cone 192 

Fin 201 

Left Landing Gear 722 

Right Landing Gear 723 

Front Landing Gear 721 
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  Appendix L – Assembling Sequence, Left Wing 
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Appendix L – Assembling Sequence, Left 
Wing 
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 Appendix M – Assembling Sequence, Center Fuselage 
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Appendix M – Assembling Sequence, 
Center Fuselage 
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  Appendix N – Assembling Sequence, Rear Fuselage 
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Appendix N – Assembling Sequence, Rear 
Fuselage 
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  Appendix O – Assembling Sequence, Final Assembly 
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Appendix O – Assembling Sequence, Final 
Assembly 
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