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Abstract

To stay competitive in a global market companies push to make their product 
development process more efficient with respect to added customer value, shorter time 
to market, efficient knowledge and technology transfer. To achieve this they depend on 
the choice of work procedures, suitable processes, methods, available knowledge and 
experiences, CAE tools and appropriate competence to manage the mentioned for 
concept creation and concept realization.

This licentiate thesis presents a new method how to capture, store and reuse 
information and knowledge. It also includes discussions about which new technologies 
that are needed for Functional Product Development and a demonstrator that shows 
how downstream knowledge can be captured and realized in a computer application 
ready to use for designers in the early phases of the product development process. Focus 
for the method and demonstrator lies in the conceptual phase, since designers have 
most or best opportunities to change the design in this early phase. A change of the 
design later in the project will become more expensive and difficult and it might even 
be impossible to compensate or correct the shortcomings of a poor design concept. 

The new method and demonstrator are results of case studies made at Volvo Cars 
Corporation in Gothenburg, discussions and work shops together with the ProViking 
partner companies Volvo Cars Corporation, Volvo Aero Corporation, Sandvik 
Coromant and Hägglunds Drives. 

Keywords
Knowledge Enabled Engineering, Knowledge Based Engineering, Engineering 

Design, Simulation Driven Design, Product Model, Functional Product Development 
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Thesis

This thesis comprises an introductory part and the following appended papers: 

Paper A:  
FEM Simulation supported KEE in high strength steel car body design, Stefan Sandberg, 

Vahid Kalhori, Tobias Larsson, Proceedings of, IMECE04 2004 ASME International 
Mechanical Engineering Congress, November 13-20, 2004,  Anaheim, California USA 

The simulations and design of the demonstrator was done by the author. Vahid 
Kalhori and Tobias Larsson contributed with feedback and discussions throughout the 
work.

Paper B:  
Functional Product Development – Discussing Knowledge Enabling Technologies, Henrik 

Nergård, Åsa Ericsson, Mattias Bergström, Stefan Sandberg, Peter Törlind and Tobias 
Larsson. In proceedings of the 9th International Design Conference, Design2006, May 15-18 
in Dubrovnik, Croatia. 

The basis of the discussion in Paper B comprises studies performed by Mattias 
Bergström, Henrik Nergård, Åsa Ericson and this author, respectively. The ideas 
presented in figures and discussions in the paper are based on the collaborative analysis 
of our material. Peter Törlind and Tobias Larsson have contributed to the discussions. 

Paper C:  
A New Method to Preserve Knowledge and Information by use of Knowledge Enabled 

Engineering, Stefan Sandberg, Mats Näsström, to be published.

Case study, design of demonstrator and evaluation of demonstrator was done by the 
author. Mats Näsström contributed with feedback and discussions throughout the 
work.
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1 Introduction 
The first chapter of the licentiate thesis presents the background and aim for this work. 

1.1 Background
To stay competitive in a global market, Swedish manufacturing industry push to 

make its product development process more efficient and they experience globalisation 
as a dynamic and constantly changing business environment. Contradictions occur since 
customers wants individualized products at the same time as industry has to strive for 
standardization.  

Today’s industry produces more new products in a shorter time then ever before. To 
manage this there is less new design done and more re-design of old products i.e. 
industry uses carry-overs and platform strategies.  By using carry-overs and platform 
strategies they also can shorten lead times and save money. This way of product 
development leads to a lot of knowledge and information that needs to be tracked and 
preserved for different products. 

In product development, designers traditionally work from requirements for just 
their component. When they have a possible solution they send it to the simulation 
department where experts do the analysis. After the simulation is done they get 
feedback whether their component met the requirements or not. This loop, that can 
take several weeks, is far from optimal. If the industry can shorten this synthesis-analysis 
loop they will be able to evaluate more concepts and gain a larger solution space.  

1.2 Aim
The aim of this work is to develop new methods and tools by using Knowledge 

Enabled Engineering (KEE) to support designers. Support can be e.g. simulation tools 
usable, by designers with little or almost none experience in analysis, in the conceptual 
phase and knowledge and information preserving methods.  

1.3 Research project 
A project has been initiated to realize this aim. The project is made in collaboration 

with Volvo Cars Corporation (VCC) located in Gothenburg, Sweden. Project funding 
is provided by the Swedish Foundation for Strategic Research through the ProViking 
programme, partner companies and the Division of Computer Aided Design at Luleå 
University of Technology. 
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2 Knowledge Areas 
This chapter will give a brief view on the knowledge areas involved in this work. 

2.1 Product Development 
A product development process is “…the set of activities beginning with the perception of a 

market opportunity and ending in the production, sale and delivery of a product”, according to 
[1]. Hence product development is a multidisciplinary process that includes many 
disciplines like marketing, economics and engineering. 

Product development has evolved through the years from what is now called 
traditional product development that was a straight process where each and every 
discipline made their part before handing it over to the next. This is also called over-
the-wall engineering [2]. Today almost all companies use a concurrent engineering 
approach [3], integrated product development, which basically means that the product 
development process includes parallel work of more than one discipline.  Next 
generation product development will be functional product development where focus 
will not only be on the hardware, it might also include both hardware and software 
services as well. Figure 1 show how organization, strategies, goals and enabling 
technologies has changed from traditional to integrated product development and what 
challenges that lies ahead when adapting functional product development, described in 
paper B. 

 Figure 1. Towards functional product development. 
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2.2 Engineering Design 
The aim of engineering design research has been formulated as follows by Blessing et 

al [4]: 

The aim of engineering design research is to support industry by developing knowledge, 
methods and tools which can improve the chances of producing a successful product. 

In this work focus has been on developing tools and methods to increase the 
knowledge in the conceptual phase of the product development process. This has been 
done trough the development of a new tool that strives to make downstream 
knowledge available e.g. how sheet metal forming will effect the final product 
performance. A new method to preserve knowledge and information for products in 
the company has also been developed. 

2.3 Simulation Driven Design 
Simulations have been extensively used as an integral part in the design process to 

provide a deeper understanding concerning the performance of design in service and 
good support during the iterative procedure of synthesis-analysis loops. Design 
validation/verification strategies that combine simulation techniques can be effective in 
ensuring correct operation of software and hardware systems.  

The use of experiments concerning product performance for linear stress analysis has 
been reduced to less than 1% compared to the pre-FE time [5]. However, the industrial 
use of FEM in simulation of the manufacturing process is less common and varying 
depending on what manufacturing process it is, see figure 2. 

Figure 2. Research issues in simulation of manufacturing 

The simulation of a chain of manufacturing processes is naturally much less common 
than the study of individual processes. There has been some work in combining 
welding and heat treatment simulations [6], even combined with computational fluid 
dynamic simulations of fluid flow in oven [7]. There is also very little done in 
integrating the results from manufacturing simulations with the stresses due to the in-
service loads for prediction of performance and/or life time [8].
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2.4 Knowledge Enabled Engineering 
Knowledge Enabled Engineering (KEE) [9] is a methodology used to capture and 

reuse knowledge in a computer aided design systems. KEE strives to make as much 
knowledge available as early as possible in the product development process. This 
knowledge can come from design rationale, simulation results, physical tests and 
aftermarket research from earlier similar products. KEE includes the more traditional 
term Knowledge Based Engineering (KBE) and similar knowledge rich strategies see 
figure 3. 

Geometry model Analytic Knowledge

Analytic model Process Knowledge

Knowledge Based Engineering
Engineering Design 

Knowledge

Knowledge Enabled Engineering

Figure 3. Shows how Knowledge Enabled Engineering consists of knowledge gained from both 
Knowledge Based Engineering and engineering design knowledge [10]. 

KBE is a subset of Knowledge Based Systems (KBS) which is a spin off from artificial 
intelligence. KBS is often referred to as “expert system” because they intend to capture 
expert knowledge and sometimes also generate creative solutions. KBE on the other 
hand is used to automate mundane time demanding tasks and also to make downstream 
knowledge available in earlier phases of the product development process. By freeing 
people from this routine work more time could be used to come up with new 
innovative solutions since a larger solution space will be available. The downstream 
knowledge can be used to define engineering design systems support that allows a more 
detailed conceptual study which would reduce the level of abstraction. This means that 
the companies possessed knowledge can be used to further develop their products or 
service concepts. The main objective is to reduce lead-time by capturing product and 
process knowledge with a product model or in a KEE-tool. Successful KEE-
implementations has been made at many companies like Volvo Cars Corporation and 
Volvo Aero Corporation to mention a few [11, 12, 13, 14]. 
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However, KBE-approaches are not always suitable. MOKA [15] (p.11) states that 
KBE should not be used when: 

The design process cannot be clearly defined 
The technology in the design process is constantly changing 
The design process could just as well be modelled in a simple program 
The knowledge for the desired application is not available, or; 
The organization does not have the will, the money, and the resources to introduce a 
KBE system 

KBE tools may also be considered as black-box simulations where the user enters 
input data and gets an answer but doesn’t exactly know how the simulation was done. 
This can be a danger if the tools are not administrated properly which means that the 
latest know-how and rules are not entered into the tools at a regular basis. The tools 
can also be used in an educational purpose if the code is available together with good 
manuals for the application. This way the designer might learn a lot from using the 
application and the quality of his future designs will be higher from start. 
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3 Problem Formulation 
This section formulates the research question and describes the research approach. 

3.1 Research Question 
How can Knowledge Enabled Engineering methods and tools support product 

development? 

3.2 Research Approach 
The research has been done in tight collaboration with Volvo Cars Corporation. 

Ideas for new methods and simulation tools have been discussed with designers so that 
the needs are fully comprehended.

Creation of demonstrators has been done in close cooperation with designers, 
simulation experts and IT-specialist at VCC. Participatory design [16] is a method that 
has been used through out the project and especially during the creation of the 
demonstrators. During the work designing the layout of the demonstrators the method 
Future Workshop [17, 18] has been used as a brainstorming tool. 
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4 Knowledge Enabled Engineering Applied to Car 
Body Design 

This chapter presents the main research findings. 

4.1 FE simulations in product development by use of KEE 
Traditionally designers at Volvo Cars Corporation work from requirements that are 

broken down for just their component. When they have a possible solution they send it 
to the simulation department where it’s assembled together with all other parts into a 
complete car model. After the simulation is done they get feedback whether their 
component met the requirements or not. This loop, that can take several weeks, is far 
from optimal and can be done much more effective by combining FE simulation and 
Knowledge Enabled Engineering tools and methods. Figure 4 shows how the flow was 
a few years ago and how it is today by utilizing new tools for modeling and simulation 
according to Bylund et al [19]. By shortening this synthesis-analysis loop designers will 
be able to evaluate more concepts, in the same time as it took to evaluate one before, 
and gain a larger solution space which will lead to higher quality. 

Figure 4. The picture to the left represents how the work flow looked like before introducing 
KEE methods and tools at VCC. The right represents the new work flow where the designers get 

access to support tools and can do their own simulations. 

Today car body designers at VCC have access to the simulation tools ADRIAN and 
DAMIDA [20]. ADRIAN is a linear simulation tool to analyze stiffness of joints and 
DAMIDA analyzes nonlinear crashworthiness of a beam section. DAMIDA doesn’t 
take into account the forming process of the beam which will alter its performance due 
to hardening. The demonstrator in paper A was built, to show how more advanced 
simulations and more downstream knowledge can be accessed for the designer in the 
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conceptual phase of the product development process. This demonstrator made a 
coupled simulation starting with a flat sheet metal that was formed to be exposed to 
hardening before the crashworthiness was simulated. Figure 5 shows the scheme for the 
demonstrator built where the orange areas represent manual work done by the designer 
and the green area is automated by the KEE tool. By working with these tools the 
green area can be expanded to include more simulations and increase the knowledge 
about the components performance, manufacturability, feasibility etc. 

CAD Interface(KEE-tool) FEM - Simulation Postprocessing

Database

- Model preparation

  * Meshing

  * Boundary conditions

- Forming

- Crashworthiness

- etc

Scheme for demonstrator

AutomaticManual Manual

Figure 5. Scheme of demonstrator built in paper A. 

4.2 Using KEE to preserve knowledge and information 
Today’s automotive industry produces more new car models in a shorter time than 

ever before. Every car model comes in many different versions regarding number of 
doors, engine, transmission etc while being built on a platform strategy. By using carry-
overs they can shorten lead times and save money since they don’t have to develop any 
new design or production tools etc. This leads to a lot of different knowledge and 
information that needs to be tracked for the different components in addition to other 
information e.g. what function does design features have, why is this radius not smaller 
etc. Thus there is an apparent risk for rework and a tendency to repeat previous 
mistakes. Enabling the reuse of past design experience will allow companies to more 
effectively utilize lessons learned. 

Carry-overs are used on a regular basis in automotive industry when designing the 
body-in-white, see figure 6. When companies use carry-overs or if component 
requirements change later in a project it can cause problems. Problems can be related to 
the knowledge concerning why a certain design or feature is created the way it is and 
that the engineers creating the new car or platform do not know the reason behind the 
design or feature. Hence the engineers do not feel confident to make changes to the 
component since they cannot make a well informed decision. If the designer doesn’t 
have sufficient knowledge about the specific component it may lead to the wrong 
decision that might lead to higher cost, weight etc. 
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Figure 6. Picture of car body parts generally spoken of as the body-in-white. 

A component can be used as a carry-over or just as a reference for the designer to 
look at to get ideas for the new component in a new project. In figure 7, the left side 
shows a car that’s already produced and released to the market. The right side shows a 
car to be designed. The two models share part A as a carry-over, but parts D and E 
requires a totally new design or some redesign, e.g., D is similar to B and hence B can 
be used as a reference model whilst E doesn’t share any requirements with C and will 
be designed from scratch. 

Figure 7. A simplified picture of two cars divided into only three parts. 

It is important to decrease the level of abstraction and increase the knowledge about 
different solutions being made as early as possible in the product development process, 
see figure 8. By increasing the level of knowledge the level of abstraction is reduced 
allowing better decisions [11]. 
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Figure 8. Representation of a decreased level of abstraction and increased knowledge. 

A new method to preserve this knowledge and information was developed as the 
result of a case study at VCC, described in paper C. The case study included many 
discussions with senior designers at VCC and a Future Workshop to get an 
understanding of which knowledge and information that was important to preserve. 

By using this approach, not only knowledge about the chosen concepts is stored, but 
also valuable knowledge about ideas that already have been evaluated but did not seem 
feasible at the time and within the context of the particular project. This knowledge is 
important to store since the conditions and requirements might change in new projects 
where similar knowledge could be required. Capturing and sharing the design rationale 
in an efficient manner would also make knowledge retention possible as employees 
move in and out of projects or worst scenarion leave the company. 
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5 Summary of Appended Papers 
In the following sections the appended papers are presented. Each paper is summarized and the 

relation to the thesis is explained. A short presentation of the results in each paper is also given. 

5.1 Paper A 
FEM Simulation supported KEE in high strength steel car body design, Stefan Sandberg, 

Vahid Kalhori, Tobias Larsson, Proceedings of, IMECE04 2004 ASME International 
Mechanical Engineering Congress, November 13-20, 2004,  Anaheim, California USA 

Summary 

The work in this paper, exemplified in a deployed demonstrator, show that it is 
possible to combine forming and crashworthiness simulations in an automated way to 
make advanced simulation accessible to more people in the product development 
process. The Knowledge Enabled Engineering (KEE) demonstrator combines forming 
and crashworthiness simulations for dealing with the constant trade-off in engineering 
design e.g. fast and accurate simulations. 

Relation in thesis 

The aim of this paper is to show how simulations supported by KEE methods can 
make downstream knowledge available to designers in the conceptual phase of the 
product development process. 

Results

This paper shows how the combination of KEE methods and simulation 
technologies can improve the design evaluation process. Positive effects are the 
possibility of early standard analysis of design concepts; shorter analysis cycles (i.e. 
creating the possibility for optimization and more iteration) and the fact that 
experienced simulation experts can spend less time on routine tasks that are done by the 
KEE system users instead. 

5.2 Paper B 
Functional Product Development – Discussing Knowledge Enabling Technologies, Henrik 

Nergård, Åsa Ericsson, Mattias Bergström, Stefan Sandberg, Peter Törlind and Tobias 
Larsson. In proceedings of the 9th International Design Conference, Design2006, May 15-18 
in Dubrovnik, Croatia. 

Summary 

This paper addresses the shift in industry towards Functional Product Development 
(FPD). The selling of total offers places new demands on the product development 
process. The new FPD process considers new demands on the integration of processes 
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between companies. The paper also presents demands on new tools to support 
functional product development. 

Relation in thesis 

The aim of this paper was to discuss how the product development process will 
change for FPD. Also to discuss what new technologies that’s needed to support FPD 
and what new demands that will be placed on them. 

Results

The result in this paper is a better understanding of what enabling technologies that 
can be used to support the product development process when companies shift towards 
FPD.

5.3 Paper C 
A New Method to Preserve Knowledge and Information by use of Knowledge Enabled 

Engineering, Stefan Sandberg, Mats Näsström, to be published.

Summary 

This paper highlights a problem with preserving knowledge and information about 
products and components within the company. A new method is developed and 
applied in a demonstrator that’s evaluated at Volvo Cars Corporation. 

Relation in thesis 

The purpose of this study is to highlight a new method by the development of a 
demonstrator which capture knowledge and information i.e., design rationale. By doing 
this, the design rationale will be saved within the company for use later on. 

Results

The main results of this paper are a new method applied in a demonstrator and an 
evaluation of the demonstrator. Conclusions based on the evaluation and continuous 
discussions made with designers at Volvo Cars Corporation shows that this new 
method has great potential. If being used to its full potential most of the knowledge and 
information, design rationale, will be saved within the company instead of being bound 
to the designer in person. This will ensure that designers will be able to make better 
informed decisions earlier in the product development process. 
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6 Discussion and Conclusion 
The work presented in this thesis has been focused on how Knowledge Enabled Engineering 

tools and methods could support automotive development. The main conclusions are listed below.  

Companies must look at their internal organization and determine what their 
core knowledge is. When the core knowledge has been found it is this 
knowledge that should be captured, formalized and integrated into a support 
tool. It has been found that knowledge enabling technologies can support 
decisions in the early concept design phase as well as through the functional 
product life-cycle. 

It is suggested that Knowledge Enable Engineering should be used as an integral 
part in the engineering design process. Combining KEE methods and simulation 
technologies can improve the design evaluation process. Positive effects are the 
possibility of early standard analysis of design concepts; shorter analysis cycles 
(i.e. creating the possibility for optimization and more iteration) and the fact that 
experienced simulation experts can spend less time on routine tasks that are done 
by the KEE system users instead. 

Managing knowledge and information about company specific products will be 
crucial. It might be time consuming during the modeling work but the quality 
will be higher since the designer can keep track of the requirements that are 
active for the component. The total time will be shorter as well if you consider 
the whole lifetime of a component. The component may be used first in one 
project and may also be used in a later project as a carry-over or by another 
company in the extended enterprise. 
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7 Future Work 
This chapter will discuss future work. 

Further research in this area will focus on how knowledge enabled engineering tools 
and methods can support simulation driven design to make it a reality. 

Regarding the proposed knowledge and information preserving method further 
research would be performing an extended evaluation in order to measure the impact 
of the method regarding its effectiveness.
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ABSTRACT 

With an increasing number of and also more complex demands 
on today’s automobiles the need for fast and accurate 
simulations to support the Engineering Design (ED) process is 
getting more important. The demands that are put on the 
automotive designs are often contradictory i.e. weight against 
stiffness, and no one optimal set of solutions can be found, 
rather a trade-off situation. At Volvo Cars Corporation, known 
all over the world for their safety policy, the advancement to 
more high strength materials is causing new problems for the 
engineers. As widely known, a steel material that has been 
exposed to plastic deformation will suffer hardening in those 
areas. The work in this paper, exemplified in a deployed 
demonstrator, show that it is possible to combine forming and 
crashworthiness simulations in an automated way to make 
advanced simulation accessible to more people in the product 
development process. The Knowledge Enabled Engineering 
(KEE) demonstrator combines forming and crashworthiness 
simulations for dealing with the constant trade-off in ED. 

1 INTRODUCTION 

To stay competitive in a global market push Volvo Car 
Corporation (VCC) to make its product development process 
more efficient. The recent trends in automotive body structure 
development in conjunction with tougher demands on less  
environmental influence, better crashworthiness and shorter 
product lead-time give rise to make the product development 
process more efficient.  

The most critical phase of the product development process is 
obviously the preliminary design stage [1]. At this phase there 
exists most opportunities to make changes in the design. In the 
subsequent phase of detailed design, it becomes extremely 
difficult, or even impossible to compensate or to correct the 
shortcomings of a poor design concept formulated at the 
conceptual design phase. Decisions made during this step 
influence greatly the final cost, performance and reliability of a 
product, Figure 1. It is therefore important to account for 
downstream effects in the conceptual phase. Downstream 
knowledge should be captured and made available in the early 
stages in order to lower the level of abstraction before any 
decisions are made, Figure 2. However, comparing product 
generations often reveal a large level of similarity.  

mailto:Sandberg@ltu.se
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mailto:Larsson@ltu.se
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Figure 1. A large part of the costs are allocated in the early stages of 

the PD process, [2]  

 It has been argued [2] that this knowledge can be used to 
define engineering design [3] systems support that allows a 
more detailed conceptual study which in theory would reduce 
the level of abstraction. This means that the companies possess 
knowledge that can be used to further develop their products or 
service concepts. Traditionally experiences are transferred in 
design teams by members from different domains. However, 
there might still be knowledge gaps due to the product 
complexities. It is possible to include this knowledge into 
product models. Generative modeling has proven to support 
such tasks [4].  

Efforts in combining Finite Element Methods with KEE has 
been made by Pinfold & Chapman [5] and Isaksson [2] where 
Pinfold et al. propose a rule base method concerning the 
creation of first geometry of the vehicle structure and then from 
this a simplified model for mesh generation and then finally the 
generation of the FE mesh itself. Isaksson [2] proposes a 
similar approach and emphasizes the opportunity given to study 
a wider set of design variations than what is traditionally 
possible using most parametric strategies. 

The objective of this study is to show how the design cycle for 
the car body at VCC could be shorten utilizing the Knowledge 
Enabled Engineering, KEE, supported by finite element 
simulation tools. These tools will enable the designers with 
limited knowledge about FE-simulation to incorporate existing 
designs as a starting point and build on them to arrive at 
updated design variations. The users can add just the 
contemplated modifications, and rerun the analysis and 
simulation to see what the planned changes will bring. 
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Figure 2. In the beginning of the development process the level of 

abstraction is high. By increasing the level of knowledge the level of 

abstraction is reduced allowing better decisions [2] 

2 FINITE ELEMENT SIMULATIONS 

Finite element simulations have been extensively used as an 
integral part in the design process to provide a deeper 
understanding concerning the performance of design in service 
and good support during the iterative procedure of synthesis-
analysis loops. Design validation/verification strategies that 
combine simulation techniques can be effective in ensuring 
correct operation of software and hardware systems.  

The use of experiments concerning product performance for 
linear stress analysis has been reduced to less than 1% 
compared to the pre-FE time [6]. However, the industrial use of 
FEM in simulation of the manufacturing process is less 
common and varying depending on what manufacturing 
process it is, Figure 3. The accuracy of finite element 
simulation models of different manufacturing processes is 
highly dependent on the modeling of the thermal and 
mechanical boundary conditions and inelastic material 
properties correct. The latter has some additional complications 
compared with normal nonlinear deformation problems. The 
manufacturing process is usually also associated with micro 
structural changes in the material further complicating the 
modeling of the material behavior.  
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Figure 3. Research issues in simulation of manufacturing 

As it appears in Figure 3, finite element simulation tools are 
quite immature for prediction of behavior of the machining 
process [7]. This is due to the involved complex phenomena 
and their requirements on the numerical algorithms to model 
the extremely large deformations, the plastic flow and heat 
generation that are important for the cutting mechanics [8]. 
These models may predict cutting forces fairly well [9] but not 
concerning residual stresses that are important for life-cycle 
determination.  

The use of FEM in sheet metal forming is quite established and 
there are conferences devoted completely to this subject. These 
kinds of simulations are used on a daily basis at VCC. 
However, there are still problems with prediction of spring-
back as well as research issues concerning prediction of surface 
defects, wrinkling, tool wear etc [10, 11]. Solid forming 
processes have a similar status as sheet metal forming, maybe 
somewhat less established due to problems of large 
deformations and also the fact that there are fewer large 
companies with competence to perform the simulations. Then 
there is a set of processes like heat treatment [12], welding [13, 
14] that are less common to simulate in industry due to more 
difficult modeling and/or numerical problems. Casting 
simulations are also performed for very complex geometry like 
engine blocks but the complexity is at the level of heat 
treatment and welding processes. 

The simulation of a chain of manufacturing processes is 
naturally much less common than the study of individual 
processes. There has been some work in combining welding 
and heat treatment simulations [15], even combined with CFD 
simulations of fluid flow in oven [16]. A three-step process was 
studied in [17]. There is also very little done in integrating the 
results from manufacturing simulations with the stresses due to 
the in-service loads for prediction of performance and/or life 
time [18]. For example, welding and fatigue [19] is based on 
full-scale testing and there is no documentation about welding 
residual stresses for these cases. 

In the present study the effect of previous manufacturing 
process, i.e., sheet metal forming of high strength steel on 
crashworthiness of car body is of special interest.  However, 
the major emphasis is on enabling the simulation of 
manufacturing and functional performance utilizing the 
existing FE-tools. This involves the development and 
evaluation of a tool for interactive, user-friendly manipulation 
of models and mapping between models. Furthermore, the use 
of Knowledge Enable Engineering (KEE) [2, 20] will make 
advanced simulations available for a designer thus speeding up 
the design process. The simulation experts will then embody 
their competence in this tool enabling the designer to do 
advanced simulation directly during the design process.  

3 SIMULATION SUPPORT FOR CAR DESIGN AT VCC 

At the car body department at VCC a break-down strategy to a 
property based model (PBM) has been developed, the car body 
is divided into sub-elements, beams and joints for which 
broken down requirements exists [21], Figure 4-5. Furthermore 
easy-to-use software has been developed to permit designer 
with less analysis experiences perform preliminary analysis on 
these sub-elements. The software called DAMIDA is used to 
transfer the CAD data, generate mesh and boundary condition 
to the explicit finite element code RADIOSS for 
crashworthiness analysis of beams.   

With these tools the designer is able to get a result, showing the 
stiffness, plastic bending capacity and axial plastic crush 
capacity of the beam hence the amount of energy it would 
absorb in a crash. The simulation can be performed within a 
couple of hours. Without these tools a design engineer has to 
wait 4-6 weeks to get results from the complete body 
simulation performed by the analysis department [21]. 

These preliminary simulations do not replace the later 
simulation on complete body level, but is a mean for the design 
engineer to check his design against broken down 
requirements, as well as for fast relative comparison between 
different solution concepts, see Figure 5. A more precise 
simulation will be made later by a senior analyst before the 
product hits the market.  

DAMIDA is though limited to only simulating the 
crashworthiness of the modeled beam and doesn’t account for 
the process to form the sheet into the beams form. As widely 
known, high strength steel that has been exposed to plastic 
deformation will suffer considerable work hardening in those 
areas. Therefore, it is necessary to further develop the tool in 
order to account for the influences of earlier stage of 
manufacturing process on crashworthiness. This will provide 
the designers with a more realistic design evaluation tool. The 
next chapter describes further development of the presented 
tools for crashworthiness evaluation.  It is shown the possibility 
for designer without extensive knowledge in simulation to 
evaluate and to get a quick and relatively precise answer their 
ideas utilizing a sequential forming and crashworthiness 
simulations in an automated way.  
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Figure 4. The traditional process for car body design with respect to 

mechanical properties. [20] 

Figure 5. Change of flow with use of KEE application which allows the 

designer time to investigate more different solutions to meet the 

requirements. Time between design and analysis result is between 3-12 

hours depending on complexity of the geometry being analyzed. [20] 

4 THE KEE DEMONSTRATOR 

The structure and function of what we call the KEE 
demonstrator is described in details in this chapter.  

4.1 Overview of demonstrator 
During the conceptual phase of a design process it occur a 
number of concept generation and concept evaluation loops. 
This iterative process requires a number of analysis stages to 
evaluate the synthesis part of design process. In other words, 
this delay could disturb the dynamic and creative concept 
generation process. The idea is to let the design engineers work 
in the three dimensional CAD environment as they use to do 
and testing different concepts for, e. g., beams. The suggested 
tool will enable them to evaluate these ideas.  

The analysis step will begin by the export of a cross section of 
beam as an IGES-file. The choice of using cross sections rather 
than the actual geometry of the beam is naturally a 
simplification of the problem but it is shown [21] that this is a 
reasonable strategy.  

Figure 6. The graphical interface. As it can be seen only the most 

crucial parameters can be altered and the rest is automatic. 

It gives the designer knowledge about the stiffness, plastic 
bending capacity and axial plastic crush capacity at various 
points on the beam. The cross section is then extruded in 
normal direction to the plane in order to generate a three 
dimensional shell mesh to perform the sequential forming-
crashworthiness analysis for the beam. It is possible to perform 
both a radial and axial crashworthiness analysis. The user 
interface shown in Figure 6 allows the designer to specify the 
most crucial parameters for the simulation. It is easy to change 
the dimensions of the beam without redoing the whole 3D-
model.  
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The next step is to generate the input files for the finite element 
solver and starts the analysis. When the analysis is finished the 
software scans the output files, created by the FE-solver, for the 
results. The results will then be presented for designer in a 
suitable way. 

The solver used in this study is the implicit finite element code 
MSC.Marc2003. It was chosen because of the ease to make 
scripts and runs in batch mode. It is also possible to perform 
whole the sequential dynamic analysis regarding sheet metal 
forming, quasi-static analysis regarding the spring-back and 
finally dynamic analysis accounting for crash by the same 
code. However, only a few changes regarding the creation of 
the input files are needed to adapt the tool to work with another 
FE-solver.  

These few steps enable the designer to have quick and 
relatively precise results for comparison between wider ranges 
of solutions and hence can work with a bigger solution space in 
the same time period it takes today to analyze one solution. 

CAD Interface(KEE-tool) FEM - Simulation Postprocessing

Database

- Model preparation

  * Meshing

  * Boundary conditions

- Forming

- Crashworthiness

- etc

Scheme for demonstrator

AutomaticManual Manual

Figure 7. Scheme of KEE-application usage. 

4.2 The interface 
The actual application in this case is a simple to use graphical 
interface coded in Python, Figure 6. The decision to use Python 
is because of the flexibility to be able to run the script under 
different OS without need for recompilation of the code. The 
interface allows the designer to change the most crucial design- 
and simulation parameters for the beam. The parameters and 
allowed values of these are stored as rules in the code and are 
based on ordinary physical laws, experience from senior 
analysts and company “rule-of-thumb” regarding analysis.  A 
list of changeable parameters in the interface could be 
mentioned as in the following: 

material 
thickness of sheet 
length of extruded beam 
width of sheet to be formed in to designed beam 
velocity of forming 
velocity of crash 

choice of radial/axial crash simulation 

The goal with the interface is that it must be easy to use and to 
understand for a designer with little experience in simulation. 

4.3 Creation of input files & solving 
When the designer has entered the parameters in the interface 
the input files is created automatically. The demonstrator 
generates two files, one process file and one Python script. The 
process file starts MSC.Mentat2003 which is the pre-processor 
for Marc2003. The Python script is then started by the process 
file and executes the necessary commands to import the IGES-
file, apply boundary conditions, material, choice of element 
type, creation of load cases, and finally it generates the input 
file for the solver, 0. The script imports the cross section, 
extrudes it the chosen length and then duplicates, with a scaling 
factor that’s calculated from the chosen sheet thickness, it to get 
both stamp and dye. There are three load cases created, the first 
is a dynamic transient for the forming simulation, the second is 
a quasi-static load case for the spring back, and finally another 
dynamic transient for the crashworthiness analysis. All these 
procedures takes approximately one minute and what the entire 
designer sees is Mentat2003 open, a set of commands being 
executed and then closes. When the demonstrator reckons the 
input file for the solver is ready it executes the solver and the 
simulation starts. 

Figure 8. Example of geometry automatically created by the Python 

script.

4.4 Results 
When the solver is finished the demonstrator scans the results 
files for selected results. Results are collected at two times. The 
first scan occurs after the forming simulation to check for sheet 
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thinning and other crucial things that would make the real 
physical sheet metal forming impossible. The second scan 
occurs when the complete simulation is finished. The results 
are then being presented for the designer in a suitable way with 
checks done against stored rules, Figure 9. Typical results: 

Thickness of element 
Maximum stress and strain 
The energy absorption 
Contact forces 

The desired analysis time is less than twelve hours so the 
designer can start the simulation when he leaves the office and 
have the results ready by the next morning.  

Figure 9. Result page from DAMIDA showing the amount of force and 

energy the beam has absorbed during the crashworthiness simulation. 

[23] 

5 DISCUSSION & CONCLUSIONS 

Combining KEE methods and simulation technologies can 
improve the design evaluation process. Positive effects are the 
possibility of early standard analysis of design concepts; 

shorter analysis cycles (i.e. creating the possibility for 
optimization and more iteration) and the fact that experienced 
simulation experts can spend less time on routine tasks that are 
done by the KEE system users instead.  
It is suggested that the Knowledge Enable Engineering (KEE) 
should be used as an integral part in engineering design 
process. On the other hand, the ED theory should define the 
boundary conditions for creating an efficient KEE system, 
Figure 10.  It’s also a useful support tool for FEM simulations, 
e.g., to handle the optimization loops.   

Finite Element

Method

Knowledge

Enabled

Engineering

Engineering

Design

Figure 10. KEE is a useful tool both for a better coupling to FEM in the 

ED process and as a support tool for FEM simulations. 

The demonstrator shows the ability to provide semi advanced 
analysis tools in a property based model (PBM) for a designer 
with little or non past experience in simulation. The benefit in 
the shortening of the design loops gives the designer the 
possibility to investigate a much higher number of solutions 
during the same period of time it took to investigate one 
solution before. It also grants the designer the possibility to 
work with broken down requirements on a sub system level. As 
stated earlier this kind of applications will never replace the 
importance of a more advanced analyze made by a company 
senior analyst. It’s more of guidance so the designer can make 
relative comparisons between different solutions to see if he is 
on the right track. This demonstrator also shows that there is no 
limit to this type of applications. This was only a first test of 
combining sheet metal forming and crashworthiness 
simulations but nothing prevents that more load cases are built 
in, e.g., effects of heat treatment, local stresses from welding 
etc. It would also be possible to make optimization loops with 
the interface by just adding a few rows of code.  
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1. Introduction 
The purpose in this paper is to discuss new demands on computer tools to support decisions in 
functional product development. To do that, a tentative picture of changes in product development 
motivated by the concept of functional products has to be outlined to serve as a basis for the 
discussions. The concept of functional products affects the business as a whole. The hardware will be 
offered to customers as one part incorporated in a total offer. The offer as a whole compromise 
services related to and/or designed into that hardware. Accordingly, the product development level 
will be affected. But, to meet the high expectations the concept of functional products has to affect the 
design phase of the hardware in particular. Global collaboration in product development puts new 
demands on knowledge enabling technologies. Computer tools to support decisions in engineering 
design are commonly used by design teams. These tools are considered to be internal and support 
engineering specific knowledge. However, the concept of functional products in global design teams 
insists on collaboration between companies to achieve additional knowledge. Engineering design 
activities in functional product development insist on collaboration on a day-to-day basis despite 
distance.

1.1 The Concept of Functional Products 
A shift in view, captured in the concept of functional products, can be found within the manufacturing 
industry in Sweden. Traditionally, manufacturing industry focus on provide excellent goods, i.e. 
hardware, compromising services as add-ons. Services occur on an aftermarket and a major part of the 
profits is made on activities such as maintenance and spare parts. Over time the competition has 
increased in the aftermarket activities for manufacturing industries. One trigger for the concept of 
functional products can be found in the interest to control the aftermarket activities for the hardware. 
One characteristic for the concept of functional products is that the ownership of the hardware is not 
transferred to customers, even though the hardware as such is. The responsibility and availability of 
the functions provided by hardware remains with the service provider as well as the responsibility for 
maintenance and spare parts. The aftermarket is in that way owned by the provider and competition is 
decreased. The efforts of companies to cope with the demanding climate include a necessity to 
collaborate business-to-business to gain economies of scale partnerships in the extended enterprise and 
to be able to develop competitive products. Hence, the shift in view is a move towards providing 
services taking a lifecycle commitment for the hardware as well as optimising the availability of its 
function in the customers’ system.  
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The hardware providers will offer a guaranteed level of availability to the functions provided by the 
hardware. The reliability and maintainability of the hardware in relation to the customers use of it has 
to be taken into account in the design process. Thus, a thorough understanding of the customers’ 
processes, the performance and the use of the hardware in that processes as well as the customers’ 
needs has to be understood in early phases of product development.  

Besides, not transferring ownership to customers, some other main characteristic for functional 
products from manufacturing industry are; a) the integration of service and hardware knowledge into 
the development process, b) design of hardware with respect to technological advances, c) 
remanufacture of hardware of high total capital expenditure.  

The expectations from industry on the concept of functional products are high. The concept of 
functional products is expected to contribute to [Alonso-Rasgado et al, 2004]: 

the ecological sustainable environment through remanufacture of hardware, 
to sharing of for example business risks and  responsibilities through a flexible organisation 
structure
to customers in form of added value through providing continuously competitive hardware at 
the forefront of technology  
increased knowledge through the collaborative efforts to develop functional products.

2. Methodology 
The background for this paper has emerged from the interaction with industry people engaged in a 
functional product research project. The overall project is called Functional product development in a 
distributed virtual environment. Four sub-projects focus on communication, computer tools and 
knowledge needed for the development of functional products. In this paper material generated in all 
subprojects were brought together to provide a more encompassing view on the concept of functional 
products and particular on the new demands on computer tools used in collaborative settings. 
Computer tools are here broadly defined and range from information and communication tools (ICT) 
to engineering design specific tools. Material has been generated in meetings, workshops and in 
interviews.

3. Knowledge Integration in Functional Product Development 
The integration of service and hardware knowledge into functional product development is 
challenging. Skills, interactivity and connectivity in relationships are in focus within the knowledge 
area of services [Vargo and Lusch, 2004]. Knowledge related to services is expressed in terms of 
advices and know-how, i.e. tacit knowledge [Shostack, 1982]. Due to the tangibility of hardware the 
knowledge area focus on for example geometric and material characteristics and conversion of energy. 
Such knowledge is complex, but can be measured and transformed into rules and procedures, i.e. 
explicit knowledge. From a technical view reliable, relevant, in time, controllable and verified 
information can be provided in some cases. One dilemma in the design of computer tools is that they 
support different sets of problem areas. These areas are treated as separate issues and the computer 
tools are seen as internal specific tools.

Accordingly, one challenge for computer tools to support functional product development is to 
integrate different knowledge areas. The functional product development design teams have to act on 
good-enough information. Hence, another challenge for computer tools to support functional product 
development is to minimize the tacit elements and to provide support for taking in a readiness level in 
good-enough information [Alonso-Rasgado, Thompson et al, 2004 in Nytomt, 2004].  

Decisions for the total offer insist on knowledge about the customer, the customers’ processes and 
customers’ use of the hardware, for example will the hardware be exposed to conditions in the 
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environment which affects the functions? Will the hardware be exposed to conditions for how it is 
operated or manoeuvred? Decisions for the total offer insist on knowledge about issues that will affect 
the long term commitment, for example ecological constraints in form of government regulations. 
Furthermore, decisions for the total offer insist on knowledge about hardware as well as service related 
issues, for example predicting future technological advances and their relation to customer perceived 
value and internal cost for development. 

In figure 1, the tip of the pyramid symbolises the total offer (TO). The basis, on which the total offer 
depends on, composes of service and hardware knowledge. The integration of hardware and service 
specific knowledge into the functional product development (FPD) can be done by knowledge 
enabling technology. The total offer is a long term commitment to provide the customer with specific 
functions needed. The provider has to take decisions on maintenance, upgrade of hardware and 
technological advances. To develop or remanufacture the hardware or not is decisions that depends on 
questions for example about costs, profits and the commitment as such. To increase the quality and 
reliability in the decisions as well as in the commitment the provider has to be able to simulate those 
scenarios in the design process. To provide total offers and to develop functional products the 
computer tools has to convey down stream knowledge to be enabled in early design phases to facilitate 
life-cycle commitment. Knowledge is described as contemporary organisations most important 
resource and enabling technologies, e.g. virtual manufacturing and ICT are critical for the performance 
of flexibility in development processes.  

The offering of functional products includes an extended risk and responsibility taking for the 
company. The ability to simulate the hardware and service knowledge integration early in the design 
process is needed to support decisions. Simulations have to take standard component simulations 
(mechanical properties, manufacturing etc.) as well as total lifecycle simulations into account. 
Knowledge Based Engineering tools (KBE) is used in industry to decrease lead time by automating 
routine work, thus the time saved can be spent for several iterations in the synthesis-analysis phase 
[Pinfold and Chapman, 2001; Bylund et al, 2004]. The use of several iterations in conceptual design 
increases the quality of design by gaining a wider solution space.  

A key to achieve and realise functional product development is collaboration between companies. 
These efforts insist on enabling technologies to support collaboration, this is today technically 
feasible. A place and/or space for collaboration can be expressed in terms of a virtual enterprise or an 
extended enterprise. The extended enterprise is in this discussion used to exemplify a network 
facilitating global connectivity; our focus is on technologies facilitating that connectedness.

Figure 1. Knowledge base for Total Offer 
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4. Towards Functional Product Development 
Design engineers manage a broad range of knowledge and information. The engineering design 
process is knowledge intensive and incorporate relational complexity as well as complexity related to 
the hardware as such. The tentative picture, figure 2, of foreseen changes for functional product 
development is based on a discussion that simplifies engineering design activities as if the past is 
excluded. The total offer business model is one among several that the companies have to manage. It is 
important to understand that the new situation that is outlined here is building up a tentative picture of 
a new future, thus the past is not obsolete. 

Figure 2. Towards Functional Product Development 

4.1 Traditional product development 
In figure 2, at the left side, a traditional view on product development is present. The goal is to 
develop excellent goods having a focus on high quality. To achieve this goal strategies used can be 
exemplified with sequential design approach and homogeneous design teams. Information flows in 
this scenario can be compared with the ‘over-the-wall’ process. The activities were disconnected and a 
body of information was built up to encompass complete information about the hardware at each 
stage. Objectives in a sequential design approach are to break down tasks, activities and goals into 
sub-tasks, sub-activities and sub-goals. The formulation of a clear task, structured procedures, 
constraints and boundaries has to be done. The use of enabling technologies were sparse, computer 
tools were expensive and not fully adapted to every day use. However, 2D Computer Aided Design 
(CAD) tools were used. At this point the development of CAD and simulation tools was focused on 
matching the computer performance which was very slow. Computer simulations were often used to 
verify the design in a late stage in product development, not to support the design.   

4.2 Integrated Product development 
In the middle section an integrated product development approach sets the scene. Multidisciplinary 
design teams works across functional borders within the company and suppliers are contracted to 
provide additional solutions in a cooperative business-to-business context. The goal is to provide the 
market with successful goods, faster than the competitors. Excellent goods are still important, but over 
time customers take this for granted and start to search for factors which differentiate the hardware 
from those of competitors. Thus, customer orientation to understand customer needs is introduced and 
customisation of products needs to be addressed. The product development process is described in a 
parallel way, where the activities starts concurrently and encompasses several iterations between the 
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activities. Thereby, the information flows can be described as horizontal. That is knowledge and 
information is gradually built up into a complete method to manufacture the hardware. The goal is to 
establish the specification as soon as possible, by fighting changes and influences that might challenge 
it. In each phase alternative solutions can be thought up; the design team is therefore urged to diverge 
and converge in each phase. The move from vertical information flows to horizontal and continuous 
flows of information in integrated product development means that the body of information is 
incomplete and requires good computational support. 

The availability of computers and its processing possibilities are increasing rapidly. Designers are 
introduced to CAD programs utilising 3D-technology used to design components and assemblies 
constituting advanced product models where users can share the virtual prototype using PDM systems. 
The same digital representation is used as a basis for simulation of performance, manufacturing, etc. 
2D CAD is still commonly used in some areas. Simulations software and mathematical algorithms are 
improved and better supported with simulation programs, both integrated with CAD software as well 
as standalone software. Now simulations of both product characteristics and manufacturing simulation 
are commonly used in the development process. Simulations of complete product models are rare but 
becoming more common due to the increase in computer power and digitalisation of more aspects of 
the product. User interfaces are simplified and made more intuitive, still a large part of the design 
processes are repeated for each new product. 

The outsourcing of activities and the initial impacts of globalisation calls for cooperative work despite 
distance. As an additional support introduced in the 80s was video conferencing services. This adds a 
new dimension to distributed design teams which can share sketches and talk “person to person” 
without loosing body language. Industrial practice on video conference was generally limited to 
videoconferencing between two or three dedicated conferencing rooms, combined with application 
sharing and shared document repositories. The audio and video quality was generally low due to 
bandwidth restrictions and poor interoperability between conferencing systems. 

4.3 Functional Product Development
For functional product development the term product changes due to the integration of service and 
hardware to be understood as more encompassing than merely a physical artefact. Traditionally, in the 
left part of figure 2, the product term is comprehended as strictly a physical artefact. In the middle 
section the focus is not on an integrated product, rather on the process. However, the product term is 
mainly understood as a physical artefact in integrated product development. In Functional Product 
Development a physical artefact is designed and manufactured, but the customer will not own that 
artefact. The customer buys the functions provided of the artefact and accordingly comprehends the 
product than more than a physical artefact. 

At the right in figure 2, the integrated development process is expanded cross companies to compose 
functional product development, and an extended enterprise can be discernable in the 
interconnectivity. The extended enterprise can be interpreted and understood by the actors within it as 
a shared context for knowledge creation, knowledge sharing and knowledge integration [Huang and 
Newell, 2003]. The concept of functional products calls for collaboration with companies holding 
additional knowledge. This motivates the relationships to move from cooperation, i.e. the strive to 
coordinate the working tasks within a design project having different objectives for the efforts, to 
collaboration, i.e. the united efforts to achieve a mutual goal. In a cooperative approach all 
competences hold by the actors in the extended enterprise is not used for the benefit of the customer. 
However, the collaborative approach use all competences for the benefit of the customer, thereby the 
knowledge related to customers is also achieved by all actors. The new demands on enabling 
technology for FPD is discussed in the following (right bottom box in Figure 2). 

Integration of hardware and service knowledge into the product development process is challenging 
due to the nature of knowledge focused. Some service related knowledge can be considered as tacit 
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knowledge expressed in advices and know-how as well as it is related to aspects about who to trust. 
Some hardware related knowledge can be considered as explicit knowledge expressed in rules and 
procedures. Despite being difficult to identify, service knowledge insists on being formalised to be 
captured into computer support tools. Furthermore, it is not straightforward what service knowledge 
that is useful to integrate into product development. The integration and collaborative approach calls 
for adapted, communicating and/or coupled computer technologies. The potential for simulations to 
support decisions regarding integration seems high since several scenarios varying from worst case to 
best case can be performed.  

Computer collaboration tools include distributed engineering tools to support co-located design teams 
as well as engineering design specific tools such as KBE tools. KBE tools provide decision support 
internally in companies today. The move toward functional product development creates higher 
demands on collaboration between companies. KBE tools coupled into a system between companies 
increase the possibilities to provide solutions in the design process. For example, information about 
the machine park can be shared with other companies via coupled KBE tools. Companies can use KBE 
tools to automate pre-processing like meshing, run simplified Finite Element simulations or by adding 
machine cost into the KBE tool so the designer will know how much the manufacturing will cost in 
machining hours. Thus, cost in machining hours can be compared with the parties in the extended 
enterprise and decisions to collaborate or not concerning the specific task can be made [Sandberg et al, 
2005]. An alternative is to decide to manufacture in-house or to outsource the manufacturing to 
another company.  

Functional reasoning simulations in engineering design are suggested to support new structures and/or 
rules of combinations being incorporated into a knowledge base [Chakrabarti and Bligh, 2001]. By 
expanding the commitment related to the hardware, the company offering functional products must 
monitor and support the hardware during its entire life-cycle. Feedback from actual use must influence 
the service and the design of next hardware generation. 

It is important to understand that a total offer can trigger technology development processes at 
collaborating partners. The results from these processes, e.g. a new service, software, tool, material, 
can be offered as a total offer itself. If software is to be offered and used in the extended enterprise the 
functionality has to be general enough. Computer tools focusing the design processes are valuable in 
the extended enterprise.

Distributed engineering tools are used to support meetings as well as the actual design work. Members 
of a co-located design team are separated by many barriers including distance, time, organization, 
culture, language and different technical disciplines. Not only formal information such as documents, 
geometry models and other product data must be exchanged – it is also important to support the 
informal information sharing and creation of social capital (knowing who knows and knowing who to 
trust) [Larsson, 2005] considered natural in a co-located team. Distributed engineering work can be 
divided into two levels (1) integration (e.g. data management and infrastructure) and (2) interaction, 
i.e. ICT tools that create a shared workplace across locations and supports interaction between people. 

The integration level is focused on the integration of the low-level communication structure, involving 
the exchange and synchronization of data and information between different systems and partners 
within the extended enterprise. Here, one aim is to support the persistent storage of data, version 
control of design documents, and to show the current state of the design process. Information is 
closely connected to intellectual property within a company. So, information must be exchanged with 
partners within the extended enterprise, but not outside this partnership. 
On the interaction level, computer collaborative support is viewed from a people perspective.The 
diversity in cultures and competencies of the global team can be seen as a valuable asset that adds to 
the creative power of the distributed design team. One challenge for global product development is to 
support collaboration within global design teams, where diversity and competencies of the whole team 
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can be utilized and where team members can think together and share information and opinions 
instead of merely dividing work [Törlind et al, 2005]. Accordingly, all competences hold by the actors 
in the extended enterprise is used to achieve the mutual goal to provide customers with the contractual 
functions.

The trend on internet based tools has also changed collaboration. Instead of utilizing dedicated 
conferencing rooms the engineer can today collaborate from their workplace using software based 
communication tools such as IP- telephony,  video conferencing systems and application sharing. The 
use of tools supporting informal communication such as instant messaging and blogs has increased in 
industry.   

Simulation of total offers has to take all vital aspects of the offer into account in the conceptual design 
of the hardware. Simulations in the concept phase are useful to raise risk awareness and increase 
knowledge about the total offer potential. Due to the implementation of a broader use of simulations, 
simplicity in use without renouncing the security and trust in the computational support is important. 
The integration of services into product development insist on fast and flexible simulations, since 
services are partly co-produced with customers just as needed and at a time and place of the 
customer’s choosing [Edvardsson et al, 2000]. Simulation of total offers insists on an understanding of 
how decisions affect the offer, the hardware and the service and to see the effects in real time. The 
result from the simulations has to provide useful information for people holding different expertise 
ranging from engineers to market and purchase people. To take into concern the design of all these 
aspects simultaneously governs for close collaboration between divergent knowledge areas. 

Knowledge Market Place represents a virtual place for achieving additional knowledge. Core 
competences from the parties in the extended enterprise can be shared within this interconnectivity. 
Core competences or knowledge and the conventional hardware are different things. Core knowledge 
is related to the design process as such, e.g. the capability to run simulations applicable to a range of 
features, the capability to model and simulate components and relationships. The total offer and/or 
product development may include some areas that are not supported in-house or areas that are 
recognised as missing, but can not be exactly described. Additional knowledge is needed from external 
sources and the knowledge market place offers such resources. It is crucial to know who to collaborate 
with. If every total offer incorporates customised hardware, the answer to that question has to be found 
in each business case. However, one dilemma is if the additional knowledge is not explicitly 
expressed; how can it be found? Techniques for data integration and exchange can be used to create 
the information exchange within the knowledge market place, it is however impossible to store all 
information in one place, so technologies must combine and integrate relevant data from many sources 
and present it in a form that is comprehensible for the users.  

It is technically feasible to create a knowledge market place which can provide additional knowledge 
to companies. Yet, core knowledge is used to design and develop the offer, hardware and services, 
core knowledge are intellectual assets crucial to the company to be viable and competitive. As part and 
parcel of the business, questions about gains and losses need to be addressed. What knowledge sharing 
gives the best pay-back. This issue has to be considered in monetary terms, but also in knowledge 
boosting terms. The collaboration and sharing of knowledge should increase the in-house 
competences, not drain it. Core knowledge must also be protected in such a way that partners can 
utilize the specific simulation knowledge without revealing the core knowledge of the simulation 
process.
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5. Conclusions and Further research 
Companies that wants to be involved in the extended enterprise must look at their internal organisation 
and determine what their core knowledge is. Perhaps it is just a small part of the company that enables 
the company to do business the rest is just routine work. When the core knowledge has been found it 
is this knowledge that should be captured, formalized and integrated into a support tool offered to 
other partners in the extended enterprise. This tool itself may help other partners to overcome barriers 
in their product development process which may trigger new technology needs and a technology pull 
within the extended enterprise. Also, if each company could make small parts of their knowledge 
available for others to use each individual company could choose which company that are suitable 
collaboration partners in the extended enterprise. Computer tools need to capture and transfer the 
needs of the customer to the provider of the service, e.g. in the form of statistical information about 
new materials etc.  

In this paper the purpose was to discuss new demands on computer tools to support decisions in 
functional product development. It has been found that knowledge enabling technologies can support 
decisions in the early concept design phase as well as through the functional product life-cycle. 
Further research in this area would typically consider development of tools and technologies for 
Functional Product Development. 

Acknowledgement
The authors would like to acknowledge the financial support from the Foundation for Strategic 
Research via the ProViking research programme. Sandvik Coromant AB, Volvo Aero Corporation and 
Volvo Car Corporation are also acknowledged for the access to company specific data. 

References
Alonso-Rasgado, T.; Thompson, G.; Elfström, B-O. “The design of functional (total care) products”,  Journal of 
Engineering Design, Vol 15, No 6, 2004, p .514-540. 
Bylund, N.; Isaksson, O.; Kalhori, V.; Larsson, T. ”Enhanced engineering Design practice using knowledge 
enabled engineering with simulation methods”. Proceedings of the international design conference – design 
2004, Dubrovnik, May 18-21, 2004.  
Chakrabarti, A.; Bligh, P.T. ” A Scheme for Functional Reasoning in Conceptual Design”. Design Studies 22 
(6), 2001, pp 493-517. 
Huang, J.C; Newell, S. “Knowledge integration processes and dynamics within the context of cross-functional 
projects”. International Journal of Project Management, Vol 21, 2003, pp 167-176.  
Larsson, A.”Engineering Know-Who: Why Social Connectedness Matters to Global Design Teams”. Doctoral 
Thesis 2005:19, Luleå University of Technology, Department of Applied Physics and Mechanical Engineering. 
Sweden.2005.  
Nytomt,F. “Service reliability and maintainability”, Licentiate thesis 2004:55. Deparment of Applied Physics 
and Mechanical Engineering, Divison of Computer Aided Design, Luleå Univeristy of Technology, Sweden.
Pinfold, M.; Chapman, C. “The Application of KBE techniques to the FE model creation of an automitive body 
struutre”, Computers in Industry, Vol 44, 2001,  pp 1-10. 
Shostack,L. “How to Design a Service”, European Journal of Marketing, 16, 1982, pp 49-63. 
Törlind, P.; Larsson, A.; Löfstrand, M.; Karlsson, L.”Towards True Collaboration in Global Design Teams”. 
Proceedings of the International Conference on Engineering Design, ICED 05, Melbourne, Australia, 2005.
Vargo, S.L.; Lusch, R.F. ”Evolving to a New Dominant Logic for Marketing”,  Journal of Marketing, 68, 2004, 
pp 1-17. 

Henrik Nergård PhD Student 
Division of Computer Aided Design,  
Luleå University of Technology 
SE-971 87 Luleå, Sweden 
+46 920 492976 
henrik.nergard@ltu.se
www.cad.ltu.se

mailto:nergard@ltu.se
http://www.cad.ltu.se


Paper  C 





A New Method to Preserve Knowledge and Information by use 
of Knowledge Enabled Engineering 

Stefan Sandberg, Mats Näsström 
Luleå University of Technology, 

Sweden 
Stefan.Sandberg@ltu.se, Mats.Nasstrom@ltu.se  

ABSTRACT 
Today’s automotive industry produces more new car models in a shorter time than ever before. Every car model comes in 
many different versions regarding number of doors, engine, transmission etc while being built on a platform strategy. 
This leads to a lot of different knowledge and information that needs to be tracked for the different components in 
addition to other information e.g. what function does design features have, why is this radius not smaller etc. Volvo Car 
Corporation (VCC) is in need of an effective method to save and present all this knowledge and information today. This 
paper describes a new method, to gather and save knowledge and information about car body parts also called body-in-
white, which was implemented in a demonstrator and tested and evaluated on VCC. 

KEY WORDS 
Knowledge Management, Knowledge Enabled Engineering, Knowledge Based Engineering, Design Rationale, 
Engineering Design 

1.  Introduction 
Many companies are bought and included in larger companies. The Swedish automotive manufacturer Volvo Car 
Corporation (VCC), where this research has been carried out, is owned by Ford Motor Company. In these enterprises a 
lot of body-in-white parts, see figure 1, are shared and they build common platforms, e.g. a front, floor etc, that will be 
used by other companies within the enterprise. Every company uses so called carry-overs as well, meaning that many 
new models share components with an earlier car model or platform. For instance, a component in a new car model will 
be the exact same as in an already released car model. By using carry-overs they can shorten lead times and save money 
since they don’t have to develop any new design or production tools etc. When companies use carry-overs or if 
component requirements change later in a project it can cause problems. Problems can be related to the knowledge 
concerning why a certain design or feature is created the way it is and that the engineers creating the new car or platform 
do not know the reason behind the design or feature. Hence the engineers do not feel confident to make changes to the 
component since they cannot make a well informed decision e.g. what happens if we change this radius? Why is the 
radius this size? If the designer doesn’t have sufficient knowledge about the specific component it may lead to the wrong 
decision that might lead to higher cost, weight etc.  

Figure 1. Picture of car body parts generally spoken of as the body-in-white. 

A large problem is all this knowledge and information about these different components, and all their different versions 
and configurations that needs to be saved and presented in an effective way. How about the knowledge about why the 
component ended in that particular design, also called design rationale? Why is this feature located here, what’s the 
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function of this hole and why is this radius not smaller? Discussions with other Swedish manufacturing companies reveal 
that this “design history” issue is a general problem today. The purpose of this study is to highlight a new method by the 
development of a demonstrator which capture knowledge and information i.e., design rationale. By doing this, the design 
rationale will be saved for use later on. 

2.  Situation of today 
The idea for this new method came after literature research and many discussions with designers on VCC and the need 
became more and more clear. This knowledge on VCC is today saved in fragments on a 2D-drawing or exists only in the 
head of the designer. Half of the designers work in the CAD-program CATIAv4 today and half in CATIAv5 but all new 
design are made in the latter. VCC is also on the way to only work in 3D with 3D-PMI (Product Manufacturing 
Information) [1], replacing the 2D-drawings. It’s also a way to keep what you can call the core knowledge in the 
company since it’s not uncommon that the designer is hired only to work on one specific project and there is a possibility 
that the designer is not with the company when answers about the design rationale must be found.  

Design review meetings are taking place every week or two at VCC where the designer gets feedback on his design from 
experts in materials, simulations and manufacturing etc. Today they meet in a room usually outfitted with two screens. 
On one screen they show a 3D CAD model and on the other screen they have a PowerPoint document. During the 
meeting they can navigate in the 3D model to show specific areas of interest and when they make comments and notes 
they do it in the PowerPoint document. The PowerPoint document contains 2D pictures of the component and comments 
are made with colored text and arrows. Usually they use green, yellow and red text as a status indicator of the comments. 

A component can be used as a carry-over or just as a reference for the designer to look at to get ideas for the new 
component in a new project. In Figure 2, the left side shows a car that’s already produced and released to the market. The 
right side shows a car to be designed. The two models share part A as a carry-over, but parts D and E requires a totally 
new design or some redesign, e.g., D is similar to B and hence B can be used as a reference model whilst E doesn’t share 
any requirements with C and will be designed from scratch. In the beginning of the development process the level of 
abstraction is high. It is important to decrease the level of abstraction and increase the knowledge about different 
solutions being made as early as possible in the product development process, see figure 3. By increasing the level of 
knowledge the level of abstraction is reduced allowing better decisions [2]. 

Figure 2. A simplified picture of two cars divided into only three parts.  
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Figure 3. Representation of a decreased level of abstraction and increased knowledge.



3.  Knowledge Enabled Engineering (KEE) 
KEE [3] is an approach to design, which enables the design process to be guided by relevant and verifiable knowledge as 
needed. Information from design rationale, simulation results, physical tests and aftermarket research on earlier similar 
products provides the basis for the knowledge in use. A design process driven by knowledge is likely to prevent costly 
design changes in later stages. Furthermore, it might even be impossible to compensate or correct the shortcomings of a 
poor design concept later on. Hence, KEE represents the combination of the logics of the design object and the actual 
design process used to create the object, and together this allows for the generation of design solutions (e.g. geometries 
and more) 

3.1 Knowledge Based Engineering (KBE) 
Included in the KEE approach is the support of KBE methods, which provide possibilities to formalize and preserve 
knowledge. KBE springs from Knowledge Based Systems but with a tighter connection to geometry modeling. An 
example of knowledge captured and formalized in a KBE application is how to make a FE-simulation of a beam section 
in a car or to calculate the stiffness of a joint [4]. Another example of captured and formalized knowledge is how 
hardening due to sheet-metal forming will affect the crashworthiness of a beam [5]. Many other successful industry 
applications can also be mentioned according to [3, 6].  

4.  Case study 
The design of the demonstrator along with which knowledge and information that was needed to be saved was decided 
together with a reference group at VCC. The reference group consisted of three senior car body designers. The first step 
was a Future Workshop [7, 8], held at VCC with the reference group.  
A Future Workshop is divided into three phases:  

The Critique phase is designed to draw out specific issues and problems about current work practice  
The Fantasy phase allows the participants to imagine "what if" the workplace could be different  
The Implementation phase focuses on what changes that is realistic to accomplish and what resources 
would be needed 

After the Future Workshop the data, knowledge and information that was suitable to save, was sorted and graded. This 
sorting and grading process was done together with the reference group through e-mails and telephone meetings.   

5. Demonstrator 
After the sorting and grading of the knowledge and information was done the demonstrator was built in CATIAv5 with 
help from Volvo Information Technology (Volvo IT). CATIAv5 was chosen since it is the CAD environment that will be 
used in the future and the designers wouldn’t have to learn a new application which was positive according to them. 
During the building of the demonstrator discussions was held regularly with a reference group consisting of four 
designers at VCC to get constant feedback of the progress. The demonstrator shows how knowledge and information can 
be saved directly in the model with the help of 3D-annotations as plain text, headings with more hidden text displayable 
via a click on the heading, hyperlinks to URL’s and external documents, see figure 4.  

Figure 4. 3D-model with both 3D-PMI and design rationale directly in the model. 



Figure 5 shows an example of extended knowledge about why the tolerance of a flange is not company standard, i.e., 
representing what knowledge and information that can be saved, in this case it tells why a tolerance isn’t company 
standard. 

Figure 5. Example of what knowledge and information that can be saved. 

Another reason to why the demonstrator was built in CATIAv5 is that it has the option to export the model as .jt-file that 
can be viewed in software like TeamCenter and VisMockup, since this allows for easy collaboration with personnel that 
do not have their own CATIAv5 workstation. 

By saving the knowledge and information this way it secures that it will always follow with the model instead of being 
saved in a third-party application which is still better than nothing but not as effective as the proposed way. It will also be
faster and easier for the designer to both save and retrieve it. The demonstrator could not support hyperlinks because of a 
problem of establishing links between a UNIX- and a Windows- environment but this is a feature that will be possible in 
the near future and will most likely add more value like links to simulation reports etc. 

6.  Evaluation 
The evaluation was made at VCC and started with a two hour presentation of the method. After that an individual 
evaluation was made with six designers that all had some experience with CATIAv5 so that the focus would be on the 
new method instead of CATIAv5 itself. The evaluation was divided in three phases and with the same six designers in all 
phases. 

In the first phase the designers got to answer different questions using an old CAD-model and all other applications they 
felt they needed to answer the questions. The model was of a component they never worked with before so they had no 
knowledge at all about its different features. The questions was typically “Why is that tolerance not standard, what is the 
function of that hole”. 

In the second phase the designers got to answer the same questions as in phase one. This time they had access to the new 
demonstrator model instead and with a little help, since it was a new tool for the designers, they got used to it really fast 
and had no problems to find the appropriate information in the 3D-annotations. 

The third phase consisted of answering a questionnaire with questions about the demonstrator model and the new method 
in general. Some answers from the designers on the question “Will the work be more effective with the new method?”: 

“Yes, especially when I receive a model or when I hand one over.” 
“Yes, an easy way to make links to my own additional information and I can add simulation results directly into 
the model on to the areas of interest.” 
“Yes, very comfortable to have everything in the 3D-model instead of the information being spread out on the 
2D-drawing or in another application. Especially when I want to look at details on previous models which is 
always done in the conceptual phase.”

During phase one the most common answer about where to get this information was to ask the designer that had created 
the model. This might work if the designer is still within the company and remembers it all but will be more time 
consuming for the new designer to find him and get time to ask him and maybe even impossible. But what if the designer 
isn’t within the company or if he has forgotten those details that resulted in that particular design? This might lead to a 
design that is non optimal, regarding design, weight, performance, and manufacturing cost.  



A lot of new areas of use also came up during the evaluation. Some of the participating designers had already their own 
way to store the design rationale or other knowledge about specific models. Some of them used hand written paper notes 
that they saved in covers and some of them saved it in text files on their computer. All participants of the evaluation 
study perceived that the new method was a more efficient way to save the design rationale. They found the idea to 
receive appropriate and relevant knowledge tightly saved in the model as appealing.  

7.  Conclusions 

Managing this knowledge and information will be more time consuming during the modeling work but the quality will be 
higher since the designer can keep track of the requirements that’s active for the component. The total time will be 
shorter as well if you consider the whole lifetime of a component. The component may be used first in one project 
typically spending over three years and may also be used in a later project as a carry-over or by another company in the 
enterprise. Regarding the two latter examples it’s invaluable to have all this knowledge and information tightly integrated 
with the model and not stored in another application, in paper format or worst case only in the memory of the designer. 

The feedback from designers at VCC, both before the demonstrator was built and during the evaluation, clearly states that 
this is a need and a problem that has to be solved.  

The demonstrator that was built along with the evaluation made at VCC clearly shows that it is possible to save and 
present knowledge and information about components and subsystems in an easy and effective way. Advantages with 
this demonstrator and method to work is that it’s integrated into the designers everyday CAD-program. This means that 
the designer doesn’t need to work with another program to handle the saving of knowledge and information and it also 
secures that it will follow with the model and not get lost in another application due to broken links etc. This new method 
will most likely change the way that VCC has their design review meetings as well. With this new method they can do it 
all in CATIAv5 and don’t have to keep important information about the component saved in a separate document.  

Conclusions based on the evaluation and continuous discussions made with designers at VCC shows that this new 
method has great potential. If being used to its full potential most of the knowledge and information, design rationale, 
will be saved within the company instead of being bound to the designer in person. This will ensure that designers will be 
able to make better informed decisions earlier in the product development process. 
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