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Abstract 

The importance of conducting efficient product development is growing steadily as 
traditional market boundaries diminish and are replaced by global market conditions. 
Digital product development builds on the foundation that digital mock-ups replace 
physical mock-ups, and this has the potential for strongly improving the efficiency of 
the product development process. This is a rather drastic change compared to the 
conventional way of conducting product development, and it cannot be implemented 
overnight. It requires the extended enterprise to rely on geometry based product 
models. Business excellence is therefore partially synonymous with managing these 
models and making them available, and relevant, to different activities throughout the 
product development process. 

This thesis deals with the establishment of two key expressions, Geometry 
Management Process and Geometry Based Product Information. The objective is to 
improve the utilisation of Geometry Based Product Information by supporting the 
product development process with adequate methods, tools and processes for managing 
this type of information. This objective is partly realised by the elimination of rework in 
the downstream activities of traditional design departments. There are numerous 
influencing factors and the research approach has been to collect these factors into four 
separate but correlating domains. The consistency in the approach stems from the fact 
that all research work is conducted with a geometrical perspective on all types of 
activity, requirement and process. The methodology is elaborated through participation 
and surveys of real cases in ongoing projects and activities when developing heavy-
duty trucks. 
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Integrated product development, process development, rework elimination, geometry 
management, product structuring  
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CHAPTER 1 

This chapter gives a background to 
this thesis. Objectives, delimitations 
and research approach are presented. 
It concludes with an outline of the rest 
of the thesis. 

INTRODUCTION 

1.1 Background 

Business competitiveness is maintained by continuous development of products, 
organisations and processes. This development is affected by trends in these three 
different areas. The current business climate is strongly influenced by a continuous 
increase in product complexity, globalisation trends and progress in computer aided 
tools/systems [9,12,36]. All the various trends together form a complicated production 
scenario where consideration should be taken so as to secure organisational, product 
and process excellence. 

Time and cost are two of the most important factors in product development today. 
Computer aided tools and systems are an important factor in meeting these time and 
cost requirements. By tradition, the automotive industry has spent huge resources on 
physical prototypes and testing. A replacement of some of these physical prototypes is 
therefore regarded as a key to success. The gradual transition from traditional product 
development towards digital product development (DPD) influences large parts of the 
organisation, its competence and processes. 

Globalisation and DPD are a challenge for most companies. Their ambition is to meet 
customers' requirements on product adaptation on different global markets, and this 
inevitably leads to increased product variety [52]. Platforms and modular approaches 
have been adopted in the automotive sector to meet the demand for product variety 
[4,28,50]. Global presence is accompanied by organisational challenges; product 
development must be coordinated and product information must be made available for 
all participants. DPD is no obstacle to global presence and information sharing; in fact, 
the opposite is true. Those firms that manage to take advantage of the new emerging 
technologies by application of sound structured methods, processes and strategies for 
their development work, will obtain a competitive edge. 

All companies describe their development activities in some sort of process, such as a 
product development process (PDP) [11]. The introduction of digital product models 
has been gradual and computer aided design (CAD) tools should today be regarded as 
mature tools where most geometry models are created. Although CAD tools have 
existed for quite some time, there is still a lack of supporting processes, methods and 
tools for taking full advantage of these geometry models. This thesis concerns the 
issues related to geometry models originating from CAD databases, how they can 
support the elimination of rework in downstream activities. It has also been apparent 
that there is also an improvement potential in the early stages for working procedures 
aimed at supporting integration and cross-functional work. 
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CAD tools have been more or less reserved for engineering design departments. There 
are several reasons for this. As the name "computer aided" suggests, it was from the 
beginning a computer-aided support for design engineers that replaced the drawing 
board [32]. Computer performance, large investments and considerable complexity are 
other reasons why these tools not were made available to other departments. Today the 
situation has changed both within the companies but also at suppliers and partners. The 
Internet, intranets and developments in database technology offer possibilities for the 
storage and distribution of geometry models that simply were not feasible a decade ago. 

Most of the work carried out was performed out at the Volvo Truck Corporation, a 
Swedish truck manufacturer. The truck industry is characterised by the globalisation 
trend, a sharp focus on time and cost savings and a rather delicate balance concerning 
product variety. 

1.2 Objective 

The total time and cost for producing a new product can be reduced by utilising Digital 
Mock-ups (DMUs). It has been established that CAD tools have matured and are 
nowadays utilised in most industrial sectors. The result of this usage is that most 
companies spend large resources on generating 3-dimensional geometry models that are 
stored in databases [3]. Already from the early stages, the product is generated in such 
3-dimensional design systems. DPD implies that not only engineering design offices 
but most departments working downstream of the engineering design departments also 
utilise this already created information since the aim is to avoid physical mock-ups 
from the earliest stages, see figure 1. 

The division of the Product Development Process 

Figure 1. The rough division of the Product Development Process (PDP). 

This thesis addresses the way in which these resources from the CAD databases can be 
generated in a more efficient manner by the engineering design offices, and how they 
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should be made available to departments located downstream. The main objective is to 
eliminate rework by prescribing a Geometry Management Process (GMP)  on the 
management of Geometry Based Product Information (GBPI).  Existing theories for 
modern product development do not relate to PDP from a geometry perspective. The 
scientific contribution of this thesis is to relate the GMP to existing theories and also to 
complement them with the geometry perspective. In industry today, rework is carried 
out partly due to the lack of a holistic view and systematic approaches, and this thesis 
addresses these problems to a certain extent. Some of the objectives stated are perhaps 
not explicitly fulfilled since this licentiate thesis is a "halfway" report towards a 
doctoral thesis. 

1.3 Motivation and research approach 

The application of GBPI is becoming steadily more and more important in product 
development. The field of research for the GMP is interdisciplinary and brings together 
well-established research fields, and this has not previously been a common approach. 
Four major research fields form the GMP. They are called domains. The research 
approach adopted is built on the hypothesis that there exists a certain chronology 
between the various domains. Furthermore, the domains are interdependent and there is 
a certain correlation between them. 

FUNCTION DOMAIN: Research carried out in the area of Engineering Management is 
to a large extent carried out by researchers with a management oriented view on things, 
they look into organisational and business issues [23]. The main theme in this thesis is 
GBPI. In order to cover the extended enterprise, a holistic view must be generated 
where geometry users from all around the enterprise are interviewed and taken into 
consideration. Working practises will change partly because of the increased 
application of DMUs in the early stages. The total amount of development effort may 
not decrease but it is perhaps more efficient to redirect these efforts in the PDP. A 
relevant research question connected to this domain is: Which departments can benefit 
from having access to GBPI and what sort of requirements do they have with regard to 
this type of information? 

REQUIREMENT DOMAIN: In design science, methods have been elaborated where 
the final customer's requirements are translated into technical terms [21]. Users of 
GBPI are usually internal customers. A relevant question in terms of the GMP is: How 
should one be able to keep track of all the different types of requirement and is it 
possible to sort these requirements into different geometry user categories ? 

PROCESS DOMAIN: Most companies have today turned towards a more process 
oriented way of conducting product development. There is extensive scientific literature 
in the field of product development and processes [54,55,57]. DPD builds upon the 
evolution of the GBPI, that is to say geometric maturity. Neither industry nor scientific 
literature address this evolution sufficiently. The process domain deals with mapping of 
this evolution process. An example of a research question in this domain is: Is it 
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possible to divide the development process in accordance with the state of geometric 
maturity and therefore address different geometry user requirements? 

REALISATION DOMAIN: Many difficulties must be encountered in practice in order 
to fully understand the nature of the problems. The realisation domain is the most 
dynamic domain due to the rapid evolution of new software and systems. New 
possibilities and additional requirements originate from new software and systems. This 
domain also contributes through the possibility of exemplifying research findings both 
in academia and industry. An interesting research question closely connected to the 
realisation domain is: How should GBPI support basic ideas of modularisation and 
system engineering? 

In order to propose a Geometry Management Process, knowledge from several research 
fields must be incorporated; for example engineering design methodology, product 
structure management, geometry modelling and integrated product development. 
However, many relevant questions will most likely occur in practical application, which 
suggests that case studies and interviews must also be carried out. The research 
approach then becomes problem-based, inductive, where observations are set against 
existing theories and methodologies. The following research question was formulated 
for the GMP: 

How can Geometry Based Product Information be 
communicated and made both relevant and accessible 
for the entire extended enterprise? 

This abstract question is the foundation for the GMP. It must be decomposed in each 
and every domain. The synthesis from all four domains forms the basis for the proposal 
of a Geometry Management Process, see figure 2. 
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Function Domain Requirement Domain 

Process Domain Realisation Domain 
Process 

Figure 2. A stylised representation of the Geometry Management Process (GMP). 
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1.4 Delimitations 

The research approach is interdisciplinary, but certain delimitations must be applied in 
order to make the research objective obtainable. Geometry Based Product Information 
can relate to many different areas. However, it is explicitly stated within the scope of 
the research project that Product Data Management (PDM) is one area that should not 
be incorporated. 

Qualitative studies are used in the framework of the research project. Until now, no 
conclusions have been drawn on the basis of quantitative measurements. More case 
studies are necessary, for example in the area of electronics and sheet metal, where so 
far no case studies or interviews have been performed. 

1.5 	Outline of the thesis 

The remainder of the thesis is structured as follows: 

Chapter 2. 	The framework of the thesis. Key expressions and research disposition. 

Chapter 3. 	Appended publications. The enclosed appendices are briefly presented. 

Chapter 4. 	Related work. 

Chapter 5. 	Conclusions and future work. 
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CHAPTER 2 

When performing research in the 
field of Geometry Based Product 
Information, numerous related 
research areas are encountered. 
These areas are briefly mentioned in 
this chapter. 

THE FRAMEWORK OF THE RESEARCH 

2.1 The research environs 

The primary research objective deals with the establishment of two key expressions: 
Geometry Based Product Information (GBPI) and the Geometry Management Process 
(GMP). Geometry is the underlying theme throughout all research activities. Figure 3 
serves as an illustration of the diversity of the knowledge that must be gathered for 
proposing a GMP. The acquisition of knowledge is arranged according to the key 
expression or domain to which it is related. The initial sub-chapter is dedicated to the 
definition of Geometry Based Product Information and the type of information that is 
regarded as relevant for outlining this key expression. The next sub-chapter deals with 
necessary knowledge for the GMP. The last sub-chapter is about product development 
and design methodology. 

Figure 3. An illustration of the diversity of the knowledge that has to be acquired. 
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It should also be noted that the references have been organised from the perspective of 
the conducted research and that their presentation format thus does not reflect the 
complexity of each and every research reference. 

2.2 Geometry Based Product Information 

Product information is a collective name for all the stored data and information that a 
company must manage in order to manufacture its products. GBPI constitutes a part 
quantity of this product information and it is the primary enabler for digital 
representation in DPD. The motives for conducting DPD are increasing steadily as the 
number of applications for digital representations increase. One of the core benefits of 
DPD, provided that all applications are conducted digitally, is that organisational 
function can proceed concurrently, so time-to-market is significantly reduced. This is a 
message used in different forums that hide far stronger arguments. When the conceptual 
development stage is completed, 75% of a typical product's manufacturing cost is 
already committed [54]. It is at these stages that DPD makes its largest difference. 
Quicker conceptual design iterations where more product variants are taken into 
consideration; digital manufacturing investigations and feasibility studies of conceptual 
designs; digital assembly simulations; and digitally generated educational material [20]: 
these are just four examples of what fully implemented DPD will support. DPD enables 
the paradigms of "fail early, fail often" and "Quality cannot be built into a product 
unless it is designed into it" [54]. In the line of the research conducted, two arguments 
for DPD are in focus: reduction of physical prototypes and the elimination of rework in 
downstream activities. These objectives impose certain requirements on the product 
data that must be fulfilled. These requirements should make it feasible to communicate 
relevant and accessible product data for various application areas in the product 
development process. The requirements on GBPI are divided in two major areas: 
geometry models and appurtenant product information. In new product development 
activities, the geometry models have different origins, in other words they may be 
created in different applications, at different organisational functions and they may 
consist of carried-over models from earlier product development projects. Therefore, 
designation geometry sources are used to address these different types of origin. The 
area of geometry models should also cover the type of different applications there are 
for GBPI. Product information handles ways of making the GBPI relevant. 

Geometry Models 

The mathematics needed for representing geometry and enabling digital design was 
established many decades ago. There are numerous publications in the area of geometry 
modelling and computer graphics, such as [34,56]. The application of geometry models 
is today very widespread and the techniques practised are regarded as mature. During 
the past two decades, considerable advances have taken place in computer performance, 
database technology and networks. As a result of these advances, not only components 
and smaller assemblies can be managed in the CAD tools, but also entire products made 
from many hundreds, or even thousands, of components and sub-assemblies. When the 
geometrical representation of the products becomes more complete, in other words as 
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the geometrical level of detail becomes higher, the application areas increase and thus 
the number of potential geometry users. However, there are some distinctions between 
the users of the geometry models. These distinctions are largely due to functionality 
requirements which are addressed in the requirement domain. From a geometrical point 
of view, the geometric techniques practised for creating the geometry model are 
important. There are three main geometry sources that provide the extended enterprise 
with its geometry models. 

1. New industrial designs. Most large companies today have one or more industrial 
design departments. The purpose of industrial design is to create customised 
products that connect to trends in the product segments and establish a unique 
identity for the product. In the past, sketching and wood/clay models have been 
used in the industrial design area. Computer tools are continuously replacing 
traditional sketching and clay models. One of the reasons is time, another reason is 
that newly graduated industrial designers are more accustomed to these tools. Many 
of the software packages used in industrial design utilise 3-dimensional surface 
modelling techniques. 

2. New engineering designs. The computer-aided tools used in engineering design 
departments are chosen depending on the type of products that are to be designed. 
In the automotive industry, it is common to utilise software packages that build on 
3-dimensional solid modelling techniques. Partners and suppliers are one source of 
geometry models in the engineering design departments since they contribute with 
their components/systems in the development effort. Irrespective of whether the 
engineering design department or the partner/supplier has design responsibility, this 
kind of co-operation is built on the exchange of geometry models during the 
development of new products. 

3. Carry-over material. For many industrial companies, the development of new 
products is not to the same as an entirely new product. To a certain extent, "old 
solutions" are reused, which means that geometry models from old projects are 
used once again, they are carried over. Carryover from a geometrical point of view 
implies that the old versions of the geometry models are compatible with the latest 
revisions of the tools used. 

Geometry models are an important ingredient throughout all stages of industrial product 
development. The evolution of geometry models is a result of design efforts and 
achievements. Coordination in product development is important, so process 
approaches are common. This coordination also applies to geometry models. The 
geometrical process perspective is dealt with in the process domain. The geometrical 
differences between different stages are reflected through the prevailing geometrical 
maturity which in its turn is a reflection of the evolution of the geometry models. 

Figures 4 and 5 are examples of the way in which geometry models can be presented to 
end-users. The traditional approach for generating these kinds of figures is by applying 
2-dimensional tools. Today, in most engineering industries, 3-dimensional geometry 
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models are used from the very beginning of new projects. The result is that virtually the 
entire product already exists in the form of geometry models in enormous CAD 
databases [3]. 

Figure 4. Chassis drawing of Volvo FH12, for bodybuilder applications. 

These databases can be referred to as resources for elimination of rework. One of the 
limitations of CAD models is that they are extremely large since they contain design 
history. When new geometry models are created, the mathematical definitions demand 
that extra geometrical features such as aligning plans and measurements, are included 
in order to obtain mathematically unambiguous geometry models. These features make 
it possible to review the entire evolution of a specific geometry model in a CAD 
system; hence the term "design history". Other obstacles with CAD models have been 
that the software is expensive. There is also quite a high learning threshold before the 
system can be utilised and after that, regular usage is necessary in order to maintain top 
efficiency. The past decade has seen the introduction of so-called mock-up software. 
Mock-up geometry models are direct derivatives of the CAD geometry models, with 
the deletion of the design history and other information. This significantly reduces size 
of these models, by 95% in the best-case scenario. Two techniques are practised in 
these software, tessellation (polygonal facets) and B-spline/NURBS (Non Uniform 
Rational  B-spline). Tessellation is a technique that utilises a net or mesh of polygonal 
planar polygonal facets to approximate the shape of the solid model. B-spline/NURBS 
on the other hand, is built up of  bi-cubic parametric patches and are a mathematical 
formulation of each patch to give the position and shape of the patch in 3-dimensional 
space. Some of the more recently released software practises B-spline/NURBS 
techniques which should perhaps be considered as the trend for this type of geometrical 
representation. Techniques based on B-spline/NURBS favour exact geometrical 
definition, which for example makes it possible to ensure exact measurements. 
Nevertheless, the gradual increase of DPD will result in more and more activities being 
carried out with computer models. 

i 
L 
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Figure 5. Marketing picture of the Volvo FH12. 

Accordingly, the number of activities — and therefore also departments — that carry out 
their work on geometry models, will increase. It is therefore important to consider all 
the various parts of the extended enterprise when assessing what type of requirement 
must be supported by the geometry models. The function domain deals with 
organisational departments, and to some extent with managerial aspects. 

Product Information 

Product information is a very wide concept in design science as well as in industry. 
Different companies and scientific areas have various definitions of what should be 
included in this concept. In this thesis, product information is designated as appurtenant 
product information for the geometry models. This definition should be interpreted as 
information that must exist in order to generate relevant and accessible geometry 
models. Geometry models are made relevant to different geometry users if they support 
the users' views on the product. In addition to supporting the correct views, software 
that visualises these views must have functionality that supports the geometry users' 

11 
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requirements concerning functionality, otherwise the views are not relevant to the 
geometry users. 

Geometrical views of products are realised by selection of geometry models from a 
product structure. In the context of the research conducted, but also stated in other 
publications [51], it has been established that there are several product structures in 
most major companies. One of the reasons for the existence of several structures is that 
there is a need for different views, another reason can be traced back to shortcomings in 
the exchange and sharing of product data, and in particular product structures, between 
different information management systems. Product structures are company-specific or 
organisational function-specific decompositions of the products. If there is a prevailing 
master structure it is the one adopted by the engineering design departments. Changes 
introduced in the master structure are thereafter introduced in information systems 
downstream of engineering design. The master structure is a compromise between 
numerous aspects. Many companies have chosen a modular approach in their 
development efforts. This is one view that the master structure must support. There are 
numerous publications in literature about modularisation and product structuring 
[4,35,37,50,51,551. One of the points frequently argued is that modularisation is one 
way of meeting product variety. Product variant management is an area that grows in 
importance as the degree of customer adaptation increases. Variant management and 
product structures are closely related since the product structure must support the 
different views of variants. In that way, the product structure itself becomes even more 
complex, see figure 6. 

Level:  

Complete Product 

Structure Complexity 

Lfl  

Product Module 

 

G-17-- 
Product Sub-Module 	I 	

g 
 

'Variant view 

CAD Module 	r-1-1 
	 System view 

Modularised view 
Components  

Figure 6. Example of product structures and different views. 

Another view worth mentioning is the system view, see Figures 6 and 7. The amount of 
electronic components and automatic control systems keeps increasing in almost all 
products today. Integration between traditional mechanical components and electronic 
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components is managed by certain organisational functions. They also have their view, 
the system view. The system view may be composed of parts and components from 
many different modules. This is another important view that must be supported by the 
master product structure. 

Figure 7. A system view that the product structure should support. 

It was stated that a prerequisite for the elimination of rework was that the GBPI should 
be relevant and also accessible. Accessibility is a vague statement that remains vague 
until the level of requirement abstraction is broken down to the levels of the geometry 
users. When this is done, it is fairly easy to define what accessibility is and how it 
should be managed. A good example of accessibility problems concerns the 
implementation of software and systems for utilising the GBPI. Many companies rely 
on UNIX workstations for their design-engineering environment. Two categories that 
would benefit from having access to GBPI are low level managers and production 
engineers with PCs. In order to make it possible for these different geometry users to 
have access to the same GBPI, the software must be available to both the computer 
platforms. On top of this necessity, there are several other difficulties, for example 
update frequency and configuration. Problems like these are somewhat more associated 
with the realisation domain, to which the reader is therefore directed. 

2.3 Geometry Management Process 

The research area has been divided between the two concepts of GMP and GBPI. In the 
GMP, all questions are concerned with various aspects of GBPI. The objective of a 
GMP is to contribute the methods, processes and tools that form a framework for 
improved working routines through the communication of GBPI. Communication of 
GBPI is of the outmost importance in order to integrate the product development. The 
importance of geometry models as a product representation has increased as the trend is 
towards replacing physical mock-ups with digital mock-ups. Communication is made 
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feasible by sharing and exchanging opinions about these models. The GMP is to be 
considered as a stand-alone concept that relates to existing product development and 
design methodology. When dealing with GBPI, many different perspectives have to be 
accounted for. The approach has been to divide the GMP into four different domains: 
the function domain, the requirement domain, the process domain and the realisation 
domain. The concept of domains makes it feasible to address different perspectives. In 
the original approach it was assumed that there was a certain chronology between the 
domains. The argument for this chronology was that in order to answer the major 
research question a sequence of questions had to be asked. The first effort must be to 
establish which organisational functions, that is which geometry users, participate in 
different stages throughout a development project. If the participating geometry users 
have been identified, the following question must give an answer on WHAT these 
different geometry users' requirements on the GBPI are. The next question in this 
sequence is concerned with WHEN these requirements can be fulfilled. The final 
question deals with HOW these requirements should be fulfilled. Thus, a chronological 
approach was adopted where the function domain was initially surveyed. On top of this 
chronology there are also correlations between the different domains. The core of the 
GMP is presented in Figure 8; the geometry models originate from different 
organisational functions, so-called geometrical sources, that create the models. 
Examples of geometrical sources are industrial design and engineering design. The 
geometrical sources are linked to activities that utilise the created geometry models. 
The backbone of the figure is the grey arrow which symbolises the product 
development process. 

Analysis & Verification 

Process & Product Documentation 

Figure 8. The core of the Geometry Management Process. 

Today, it is necessary to simulate parts, assemblies, systems and complete vehicle 
features and characteristics in order to reduce the number of physical prototypes. In 
Figure 8, these activities are covered in the upper loop, Analysis & Verification. One of 
the most frequently used techniques is the finite element method  (FEM)  [1,58,59]. One 
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way of creating the  FEM  models is from the geometry model, see Figure 9. The 
example in Figure 9 comes from a simulation of brake disc temperatures and stresses. 

Figure 9. Example of  FEM  model derived from a geometry model. 

Collaboration with suppliers and partners must work. In most engineering industries, 
the companies themselves do not posses the competence, or resources, for both 
designing and manufacturing all the parts and systems they require. Different 
companies have different policies concerning what should be considered as strategic 
competence and how they should utilise their available resources. Nevertheless, during 
the development process, continuous collaboration with internal and external 
manufacturing functions takes place. The objective of such collaboration is to take 
advantage of the combined design and manufacturing competence already from early 
stages in the development process. The geometry models are an important ingredient in 
this collaboration. Many manufacturing disciplines today utilise geometry models in 
their manufacturing simulations before actual production is initiated, for example 
casting simulations. Therefore, it is important to exchange the geometry models when 
their geometrical maturity reaches a level of detail that makes them acceptable for 
performing the manufacturing simulation. Many times, this collaboration will last for 
the entire life-cycle of the part since smaller modifications can take place several times 
during its life-cycle. This collaboration is illustrated by the Manufacturing loop in 
Figure 8. 

When the manufacturing parts are available, the final product must be assembled. Most 
engineering companies keep the assembly operation in-house. Thus, the loop is named 
Assembly operations in Figure 8. There is a wide range of assembly operations, 
depending partly on the nature of the product to be assembled. The range of operations 
stretches from fully automated to almost manual assembly. The chosen path for the 
assembly operations depends on product volume and product variety. For example, 
trucks are very customer adapted, resulting in a rather high level of manual assembly in 
most workstations in the assembly operation's product flow. Assembly operations must 
be taken into consideration from the early stages of engineering design, so-called 
product preparation. As a result of the drive towards elimination of physical prototypes 
in earlier stages, the assembly operation must be simulated digitally. There are other 
areas that can be digitally simulated, for example process simulation, off-line 
programming and ergonomic simulations. The digital simulations depend on access to 
relevant geometry models from engineering design. Furthermore, the remaining 
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assembly equipment such as facilities, fixtures, tools and machines must be available as 
geometry models in order to completely perform these simulations. An example of an 
assembly operation for a front axle is given in Figure 10. 

Figure 10. Example of digital simulation of front axle assembly operation. 

The product life-cycle is initiated by investigative activities, such as benchmarking, 
technical feasibility studies and market investigations. The product life-cycle can 
thereafter be divided into a few stages such as the development stage, operational stage 
and recycling stage. The development stage is a generative stage of product information 
for documentation purposes. During the development stage itself, process and product 
documentation is carried out, for example progress of projects and validated product 
requirements are documented. Besides the documentation of the development effort, 
the objective of numerous activities is to document the new product from different 
perspectives. Examples of organisational functions that participate in these 
documentation activities are marketing, service and spare parts function. These 
activities are normally located in the latter stages of the detailed design stage. The 
documentation generated will serve as a basis for the subsequent stages until the 
product is finally recycled. Many of these activities would benefit from having access 
to relevant geometry models. In Figure 11, an example is given from a service manual 
for a certain type of gearbox. It is a good example since this illustration does not 
originate from geometry models from engineering design. 
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Figure 11. Example of product documentation conducted at the end of the development 
stage. 

Function Domain 

Development excellence is not merely a result of making state of the art development 
technology available to a company's employees. A holistic view of product 
development includes organisational aspects. These aspects should also include 
suppliers and partners, who in many engineering industries contribute to the 
development projects at different stages. In most industries, such as the automotive and 
aeronautics industries, globalisation is obtained through organic growth, mergers or 
take-overs. Independently of the chosen way of expanding the business, global 
integration and collaboration issues must be tackled by the organisational functions in 
accordance with the chosen action. Therefore, in the framework of this research project, 
extended enterprise constitutes internal and external organisational functions — the 
company's own personnel and the personnel of suppliers and partners — spread around 
the globe. The function domain is the most static of the GMP's domains. The static 
state is caused by the fact that most companies in the automotive industry have existed 
for a long time and their products have matured. Accordingly, the companies' 
organisations have settled. The objective has been to survey which organisational 
functions participate and could benefit from having access to relevant GBPI. 

The function domain has been dealt with from a geometry perspective, see Figure 12. 
The surveys conducted therefore reflect the  AS-IS  organisation and its geometry users. 
From an organisational point of view, the geometry user is not just one working profile, 
but many profiles. These profiles can be distinguished by their requirements on the 
GBPI. The correlation between function and requirement domain is therefore apparent. 
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The advantage of a holistic view is that it makes it possible to identify geometry user 
profiles located around the extended enterprise. The gradual transition to DPD will 
change working procedures in many functions. The TO-BE organisation must be able 
to deploy its experiences from the traditional product development. Obstacles normally 
detected in early physical prototypes should be detected in the DMU tools. The lack of 
methods and procedures for conducting these kinds of activities must be approached 
and managed. Since there will be no physical prototypes in the early stages, different 
functions must complement their competence in order to comply with their new way of 
fulfilling their assignments. The sequence of activities may also be altered, as a result 
of which the traditional organisational boundaries must be broken down. 

Support for DPD does not contradict traditional prototype assembly and testing. 
Instead, these traditional professions and functions are perhaps even more important 
when it comes to validating the digital simulations. The derived results from the digital 
simulations constitute a basis for decisions made in the early stages. The results are 
based on sound considerations on how a component, system or even the final product 

Projects /Management 

Figure 12. The principle of the function domain. 

will behave in different situations. Since the products become more complex, the 
probability that something is overlooked in the simulations is not inevitable. Therefore, 
physical assembly and testing serve two purposes: validation of computer simulations 
and long-term testing for quality and durability failures. Accordingly, the amount of 
physical assembly and testing will be decreased and it will be postponed until the 
physical prototypes are introduced. 

Simply put, the function domain should give answer to one question: WHO are the 
potential geometry users? 
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Requirement Domain 

The primary objective of the requirement domain is to support a systematic way of 
representing different requirements concerning the GBPI. The second objective is to 
utilise this systematic way of representing requirements to create geometry 
users/profiles, see Figure 13. The third objective is to simplify the entire principle of 
requirements and profiles. The profiles are created by categorising different geometry 
users with similar requirements. Many methods proposed in design science are too 
cumbersome to implement and maintain; therefore one of the objectives is a plain and 
simple methodology. The concept of pinpointing the requirements has been chosen 
because of the increased importance of supporting different GBPI needs at different 
stages of the PDP. New requirements will continuously arise, partly due to the 
introduction of new hardware with improved performance and partly due to new 
software that is user-friendlier and provides more and better functionality for different 
functions. For this reason, the character of the requirement domain is more dynamic 
than that of the function domain. Most requirements can be translated into requirements 
concerning functionality, but also as regards availability for the relevant GBPI. In the 
disposition of the research work, availability issues have also been addressed as regards 
the underlying structure, product structure issues (section 2.2), and how the GBPI is 
realised, the realisation domain. 

Geometry profiles 
Users 	(Categories of geometry users) 

• • • 
e • • 

• • • 
• • • 

• • • 
• • • 

• • • 
• • 
• • e • • 

• • •  

[Re uirements 

Figure 13. Principles of the categorisation method for geometry users. 

Key Quality Function Deployment (QFD) principles have been applied when 
elaborating the GBPI matrix. Elimination of rework is carried out by fulfilling the 
requirements on the GBPI. The requirement domain must support the establishment and 
separation of different requirements on GBPI. The correlation between the process 
domain and the requirement domain is that the process is dependent on the requirement 
domain's methodology as regards terminology. The requirements belong to geometry 
users which can be considered as internal customers of the extended enterprise. In 
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Design Science, QFD has been deployed and described in many different areas. The 
fundamental principle is to collect end-customer attributes for describing the product 
and to translate them into technical terms (design parameters) recognised by the design 
engineer. 

The GBPI matrix has evolved from interviews with geometry users from many 
different organisational functions. As with end-customer requirements, most geometry 
user requirements can seldom be assigned one specific functionality. Instead, a specific 
requirement is fulfilled by a combination of variables that can be related to databases, 
tools and functionalities. The rows of the matrix have been derived from decomposed 
requirements. The principle has been that each row has been differentiated to meet low, 
intermediate and high needs levels. Thus, some rows cover geometry model aspects 
while other rows lean more towards product information issues. The columns of the 
matrix consist of geometry users from different functions. The creation of geometry 
profiles, the categorisation procedure, takes place when several columns, that is to say 
geometry users from the same or different functions, are collected and collated. An 
example of a decomposed requirement is presented in Figure 14. The GBPI evolves 
during a development project, the Level Of Detail  (LOD)  reflects how the geometric 
maturity grows. The lowest level of  LOD  is Envelop (to the left), the intermediate one 
is Draft (in the middle) and the highest level of  LOD  is Detailed (to the right). 

Figure 14. A decomposed requirement, Level Of Detail  (LOD).  

CAD software system requirements for enabling Concurrent Engineering have been 
presented in an earlier publication [44]. This thesis presents methodology that adds 
other perspectives to these requirements since GBPI embraces CAD and other 
geometry users' requirements. Furthermore, the definition of GBPI also includes the 
area of product information, and this is becoming increasingly important. The business 
contribution of this type of methodology is the possibility to reduce the number of 
geometry user profiles to a manageable few. Excellence in DPD in the area of GBPI is 
obtained by keeping track of all requirements through utilisation of systematic and 
simple methods. The concept of categorising geometry users is further outlined in 
chapter 3 and appendix 2. 

The question of the requirement domain is: WHAT are the GBPI requirements of the 
geometry users? 
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Process Domain 

More efficient product development should give reductions in time-to-market, but also 
higher customer satisfaction. A process approach to development is nowadays usually 
the chosen path for success — a product development process [11]. In the process of 
developing the product, almost all organisational functions make a contribution. The 
efforts can be collected in different activities that take place at specific moments of the 
PDP, see Figure 15. Since many activities are carried out concurrently, there are 
demands on increased integration between organisational functions. The traditional 
arrangement is to adapt the process to a few stages/steps, such as Concept 
Development, Product Planning, Detailed Design and Development, Commercial 
Preparation and Market Introduction [57]. Concurrent and integrated working 
procedures depend on enhanced communication between the participants during the 
product's evolution. There are numerous publications in the area of product 

Product Development Process 

Activities  
»—gr  

>-----C 
>---C 

>----C >---C 

111?11F-->E1)=> 
Process stages 

Figure 15. Basis of the process domain. 

development, design processes and design methodology [5,39,55]. In the disposition of 
this thesis these more "general theories" have been collected in section 2.4. The process 
domain should relate to them but the primary objective is to look upon the PDP with a 
GBPI perspective. Today DPD is becoming increasingly important in realising the PDP 
within a reasonable time and at acceptable cost. When prescribing DPD as the means 
for meeting reduced time and costs, it partly signals a change in a company's 
development strategy. The result is a gradual transition from traditional product 
development to DPD. Figure 16 will serve as the basis when outlining the differences 
between traditional and digital product development. There are three terms that count 
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Figure 16. The outcome of the transition from physical to digital mock-ups. 
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when product development efficiency is discussed: time, cost and quality. 0 When 
performing traditional product development, one limitation is the slow ramp-up of 
physical prototypes. The physical prototype material may be designed in-house, but 
before more reliable prototype material can be received from all involved partners and 
suppliers, the physical mock-up assembly will be poor and time consuming. 
Furthermore, activities involving physical prototypes are expensive and the possibility 
of assembling all possible variants may be nearly non-existent. One risk concerning 
quality issues is fewer prototypes than variants made available to the customer. 0 
Many of the activities conducted in the early stages on physical prototypes can be 
conducted on their digital equivalents. The precondition is that the necessary tools, 
competencies and DMUs are available. Early physical mock-ups are assembled partly 
so as to secure space allocation and partly to test assembly feasibility. These kinds of 
activities can be conducted digitally if the right prerequisites exist. Some of the 
advantages of DMUs are that cost is reduced since the number of physical mock-ups 
can be reduced. In the early stages, the development process is 

iterative and the digital approach makes it feasible to iterate more and faster. 
Furthermore, the feasibility of iteration and the possibility to increase the number of 
variants both contribute to an improvement in quality. 0 The postponement of 
introducing the physical prototypes makes it a faster ramp-up of physical mock-ups 
feasible by securing access to reliable prototype material. Another contributing factor to 
quality is that the total number of mock-ups, that is the total accumulated number of 
mock-ups, increases. 

This rather lengthy introduction to the process domain is motivated by its importance to 
the GMP. The process domain is constituted by a geometrical perspective on the PDP. 
It relies on the evolution of geometric maturity, that is the evolution of GBPI. The 
objective of replacing the physical mock-ups with DMUs in early stages is the 
foundation for digital product development. The correlation to the function and the 
requirement domain is strong. Personnel participating in the process belong to the 
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function domain. Their requirements on the GBPI are met in the process. The 
contribution of the process domain is to coordinate the personnel's requirements in the 
project, in other words the establishment of when the requirements are met. By 
adopting a methodology where corporate requirements are mapped, it is possible to 
consider them already from the earliest stages. The correlation to the requirement 
domain implies that the process domain is also more dynamic in its nature since it must 
cope with new requirements. 

Some of the definitions made in the requirement domain have been adopted for 
outlining the process domain. The geometric perspective on the process is reflected 
through the fact that the state of the geometry models  (LOD)  is used to describe the 
stages of the process, see Figure 17. This approach requires that a digital master mock-
up replaces the so-called physical master. The master reference throughout the entire 
product life-cycle should be the digital master. When compared, development activities 
conducted at different stages are found to be similar. 
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Figure 17. Proposed process stages together with the geometric perspective. 

For this reason, the principles of IDEFO have been adopted for elaborating a generic 
perspective on the working activities. Most geometrical activities can be described by 
inputs, outputs, some controls/constraints and the availability of the necessary 
resources. Observations about geometrical activities have led to the definition of a 
generic refinement procedure. Figure 17 has an important additional stage worth 
mentioning, preconceptual development. An unambiguous geometrical input to the 
PDP is important. The preconceptual stage is to be considered as a collection stage of 
GBPI that ends with input to the conceptual stage. The process domain is important in 
the framework of the GMP. It is further outlined in chapter 3 and appendix 3. 

The process domain's question is: WHEN are the GBPI requirements of the 
geometry users met? 
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Realisation Domain 

The final domain of the GMP deals with how to realise the GBPI. This is the most 
dynamic of the four domains. The dynamic characteristic is due to the tremendous 
development in the area of computer science over the past two decades. This 
development is driven by hardware and software advances. One outcome of this 
development is the rapid extension of computer networks and particularly the Internet. 
In the area of GBPI, the vendors have turned from primarily delivering a CAD system 
to whole-system solutions [15, 46, 49]. Most tools and solutions originate from some 
industrial branch. In order to attract more potential customers, additional functionality 
has been added. The result is a historical inheritance with different strengths and 
weaknesses. From a historical point of view, when the communication and exchange of 
GBPI were more limited, different organisational functions chose the most appropriate 
solution for their requirements. For example, industrial design, transmission design and 
electrical design had different tools. The introduction of DPD basic ideas requires that 
not only different design function but also other downstream functions should work 
digitally and concurrently. GBPI applications are increasing steadily and so too are 
solutions from vendors. Differentiation of CAD solutions for small, intermediate and 
large companies is one example. Another example is the mock-up applications that do 
not only address the requirements of the design departments, but also for example 
product preparation functions and functions responsible for educational material for 
maintenance [20]. The primary research area of the realisation domain deals with 
configuration issues. 

The product information section in 2.1. has close links to the realisation domain. 
Product structuring and configuration are two closely related areas. The systematic 
approach of the requirement domain is a valuable input for the realisation domain with 
the various geometry profiles. Geometry profiles cut across the organisational 
boundaries and they serve as specification for what to include when the GBPI is 
configured. The realisation domain should specify how the requirements of the GBPI 
should be fulfilled. Generally, the different user categories have various views on the 
GBPI, in accordance with Figure 6 and the example in Figure 7. Furthermore, the 
configuration should not just support different views but also different complexity 
levels, such as product variance and different hierarchical representations. 

The historical inheritance with different tools at different organisation functions implies 
that obstacles will occur when GBPI from the different functions are combined. 
Different companies have adopted different strategies for meeting these obstacles [18]. 
The vendors' approach has been to offer a complete solution where PDM, CAD and 
mock-up solutions are included. There is no uniform solution applicable for all 
companies. Therefore, the companies have to focus on the different requirements that 
exist in their extended enterprises and work out durable strategies for how the DPD 
should be conducted and what type of integration is necessary. 

A number of issues have materialised during the course of the research when dealing 
with questions associated with different tools, functionalities and databases. When 
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business efficiency is measured through quality, cost and time to market, the time for 
implementing new ways of conducting product development is crucial. Customisation 
of vendor solutions to meet the complexity of a company's requirements is time-
consuming and sometimes questionable. Performance of tools together with their file 
sizes may also cause concern and is worth investigating before decisions are made. 
Performance is a vague term but uploading of GBPI on screen and conversions (from 
CAD formats to mock-up formats) are good examples of important performance that 
directly or indirectly affect different geometry users. 

There are many different types of research conducted in the area of the realisation 
domain. Two of these areas are mentioned briefly here. Neutral formats are an example 
of a research area closely connected to exchange and realisation of GBPI. Considerable 
funds are invested in the development of the STandard for the Exchange of Product 
model data (STEP) [26, 38, 46, 47]. The definition of the standard is rigid and it 
extends over many different areas, such as exchange of geometry models (AP203) and 
Technical Data Packaging (AP233) [18]. Distributed engineering is another example of 
a research area closely connected to the realisation domain [53]. Distributed 
engineering deals with how communication within a company and between the 
company's different geographical sites should be conducted. This area is a good 
example of how an improved utilisation of GBPI can contribute to increased integration 
and communication. 

In order to realise GBPI, a framework of guidelines and methodologies is necessary. 
Traditional design methodology — the area is briefly outlined in section 2.4 — does apply 
to the realisation domain but it lacks the basics for conducting DPD. Basic 
methodology necessary for this domain deals with position principles, geometry 
packaging and configuration issues. Each company has its own rules for how this type 
of work should be conducted. 

The realisation domain, and the area that it should cover, is dynamic in its nature. The 
domain has a moving target that requires that it is continuously scanned. Future 
research efforts of this project that would contribute to DPD and to the GMP should 
involve descriptions of the additional design methodology necessary for conducting 
product development digitally. 

The question of the realisation domain is: HOW should the geometry users' 
requirements be realised? 

2.4 Product development and design methodology 

The amount of available literature in the area of product development and design 
methodology is extensive [5,39,54,55,57]. It is fairly common that industrial examples 
and case studies are woven into the context to exemplify findings. A number of well-
established key expressions have sprung from those publications. Examples are 
Concurrent Engineering, Integrated Product Development, Engineering Design and 
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System Engineering [6,9,39,41,44]. The over-riding theme of many of these 
publications can be applied to most industrial sectors. Some publications have limited 
their approach and more directly addressed a specific sector, such as mechanical design 
[54]. Another observation is that their abstraction level is occasionally high in order to 
make them applicable to various industrial fields. Some publications originate from 
North America, others from Europe. In some areas, there are differences in terminology 
when dealing with certain issues; structure and architecture when describing product 
structures are good examples of this differentiation. 

With few exceptions, the concepts of GMP and GBPI are not pronounced in any of the 
publications.  B.  Prasad has published two volumes in the field of Concurrent 
Engineering where some of these issues are mentioned [41, 42]. The importance of 
DPD and the correlation to GBPI for increased integration and elimination of rework in 
downstream function is not exploited to its full extent in current literature. There are 
other forums/publications where more of these issues are discussed and mentioned, for 
example the volumes of Knowledge Intensive CAD [6,35,52] and the  Innovationsforum  
Virtuelle  Produktentstehung  [30]. 

The function domain is described in greater detail in several of these publications. 
However, the perspective for viewing the organisational function of geometry 
requirements is not uniform. There are naturally far more extensive descriptions of how 
to organise the product development organisation and also of project management, for 
example [57] and [2,55]. The requirement domain as defined has not previously been 
defined in such a manner. The concept of addressing the GBPI requirements of internal 
customers of the extended enterprise is new. The entire concept of QFD is more 
explicitly outlined in [21] for example. The process domain as outlined contributes to 
many of the existing theories and publications. The method of using IDEFO for 
describing process modelling is adopted from other publications [33,51]. There are 
other proven ways of analysing the process that have hitherto not been utilised: Design 
Structure Matrices [16,40] are a good example. The realisation domain is being 
continuously researched by many different interested parties, for example in the area of 
neutral formats [26]. So far, few publications concerning configuration issues have 
been encountered. This lack has also been noticed in the area of guidelines and 
methodologies for supporting different DPD activities. 

Observation 

The framework of this thesis as presented above has not been outlined and defined 
elsewhere in such a manner. There are a number of observations and derivatives, such 
as the requirement matrix, that are useful when carrying out further elaboration on how 
to make DPD more efficient. The new technologies are not the primary enabler for 
improved efficiency in the product development process. This fact has been pointed out 
by authors such as [11, 36]. 
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CHAPTER 3 

Three appendixes are appended in 
this thesis. The current chapter 
summarises all three. It also outlines 
the correlation between the 
publications and relates them to the 
framework of the thesis. 

APPENDED PUBLICATIONS 

3.1 Introduction 

Three appendices are appended in this thesis. Appendix One is included only due to 
layout circumstances. It is an overview of the Geometry Management Process. 
Appendices Two and Three consist of two publications. The first publication, appendix 
Two, was published in CONCURRENT ENGINEERING: Research and Applications (a 
magazine), in March 2001. It deals with the function domain and the requirement 
domain. The second publication, appendix Three, was presented and published at the 
International Conference on Engineering Design, ICED 2001, in August 2001. The 
process domain is investigated in this publication. The following two sub-chapters 
briefly summarise the two publications. In sub-chapter 3.4, the interrelation between 
the publications and how they contribute to the presented framework is briefly outlined. 

The publications in appendices Two and Three have been slightly reformatted 
compared to the way in which they were originally published. However, the content is 
unchanged. 

3.2 Categorisation of geometry users (Appendix 2) 

Introduction 

This publication deals primarily with the method for categorisation of geometry users, 
that is to say the geometry user profiles. From a GMP perspective, two domains are 
covered, the function domain and the realisation domain. The basis of the publication is 
that most engineering design functions nowadays utilise 3-dimensional geometry 
models from early stages in new projects. The geometry models constitute an enormous 
investment in terms of man-hours and they are stored in substantial computer databases. 
They are to be considered a resource for elimination of rework in the downstream 
activities of engineering design functions. The first step towards elimination of rework 
is to define a method that systematically decomposes different geometry users and their 
requirements into a manageably small number of categories. In order to identify 
organisational participants and their requirements on the GBPI, an appropriate sub-
assembly was chosen as reference object. The selected sub-assembly is a portion of a 
front axle installation of a heavy-duty truck, see figure 18. 
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Figure 18. The selected sub-assembly, a portion of a heavy-duty truck front axle 
installation. 

Methodology 

QFD is a well-proven and established design methodology for decomposing and 
analysing requirements. Key principles of this methodology were applied when the 
requirements and geometry users were to be collated in a systematic manner. The result 
was a categorisation matrix where the rows are constituted by the requirement 
descriptions and the columns by geometry users. An example of a requirement 
description is given in figure 19. The actual categorisation takes place when a 
sufficiently large number of different geometry users are incorporated into the matrix. It 
is then possible to compare different user requirements and eventually reduce the 
number of categories of geometry users, that is the number of geometry user profiles. 

Figure 19. Geometrical adaptation, one of the requirement descriptions. 

Results 

The presented categorisation methodology is the main contribution of this article; see 
figure 20. The categorisation matrix is a valuable tool for the GMP and has proven 
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Appended appendixes 

useful in subsequent activities. The matrix is a "continuous improvement tool" that 
should and must be updated on a regular basis. The requirements on GBPI will keep 
changing and this will affect the matrix. 

USERS 

GBPI Requirement 
Level of Detail  (LOD):  

Envelop 
Draft 

x x 
x x  

Detailed S  x x x 

Level of Visualization  (LOV):  
Hidden Line x 
Shaded x  S S  
Rendered 

Geometrical Adaptation: 
Simplified 
Unchanged 
Enhanced 

x 
x  S 

S  x 

Level of Presentation (LOP): 
Paper x  S 
Screen S  x  S  x x 
Virtual Reality P 

Software Functionality: 
Viewable 
Observable 

x x 
x x  

Controllable S  (x) 

Structure Complexity: 
Component 
Module 
Complete Product 

x x x  S  
x 

Level of Configuration: 
Manual x x  
Semiautomatic S 
Automatic S S  x  

Access: 
Public 
Company S  x x  
Restricted S 

Release rate: 

Scheduled 
Triggered 
Instant update 

S S 

S  x 

Dimensions: 

Tabular 
2-Dimensional x  
3-Dimensional  S S  x x  

Figure 20. The categorisation matrix, the tool for creation of the user profiles. 
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3.3 Geometry users from a process perspective (Appendix 3) 

Introduction 

This publication deals with the process domain of the described framework. The 
importance and utilisation of processes in modern product development have been 
highlighted in various publications. The standpoint of this publication is somewhat 
different since a geometrical perspective has been applied to the product development 
process. One of the objectives of DPD is to eliminate physical prototypes in earlier 
stages. The hypothesis has been that the DPD would favour a well-established process 
for managing GBPI. The gradual transition from traditional product development to 
DPD relies on the existence and utilisation of GBPI to a much greater extent. In fact, a 
geometry process resides within the traditional PDP ; however, it is seldom lifted out of 
the PDP context. In the DPD scenario the importance of geometry models is more 
pronounced and the objective has been to propose a geometry process to complement 
the existing PDP. 

Methodology 

The scope of this publication includes process modelling by application of a 
geometrical perspective on tasks, activities and co-operation in the PDP. Key principles 
of IDEFO have been used for the proposed process, see figure 21. Top-down 
approaches and bottom-up approaches have been used when elaborating the 
complementary geometry process. Generally, the development process is characterised 
by geometric uncertainties in the earliest stages. Once the conceptual design and 
detailed design stages are reached, the process is characterised by stepwise refinement 
of the geometrical foundation in an iterative manner. These conclusions have led to the 
proposal of an extra stage, preconceptual development, and a generic geometry process 
that builds on a geometrical refinement procedure, see figure 22. 

Controls/ Constraints 

Inputs 	 Outputs 

Resources/Tools  

Figure 21. The principle of IDEFO. 

Results 

In this publication, the evolution of GBPI is analysed from a process perspective. The 
publication highlights differences in working procedures between different stages of the 
PDP. The prevailing geometric level of detail, and the way in which it is refined, is the 
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uniqueness of the process approach, as presented in this publication. Each stage and 
activity should receive a geometrical input. This is why an extra stage is proposed in 
the publication, a preconceptual stage. Furthermore, the proposed generic process is 
applied and exemplified in different stages of the PDP. It is suggested that working 
digitally requires that a digital master replace the physical master. 

Geometrical Modification Request 

Geometrical Definition 
Product Structure 
Carry-over 

- objects 
- interfaces 

Allocated Space 	 

Strategies! Rules / Guidelines 
Product Requirements .—Manufacturing 
Time plan 

—I Marketing 

I> Refined Geometry Model 
Refinement of 
geometrical 

L.O.D. 

Organisational functions1.Modell  ng  tools 
Partners I Suppliers 	Assembly / Packaging tools 

Corporate Viewers 

Refinement of geometrical L.O.D. 

Identification 

   

 

Optimisation —1
41 
	 
Verificationl+ 

  

Figure 22. Generic structure for decomposition of the geometrical process. 

3.4 Interrelationship 

It has been pointed out that the correlation between the different domains is 
considerable. As an example of this correlation, the different requirement descriptions 
of the matrix are utilised in the framework of chapter 2 for definitions in different areas. 
Figure 6 is in fact the requirement description named Structure Complexity that is used 
in the definition of the product information of the GBPI. Figure 14 is another example 
of a description, Level Of Detail  (LOD),  that is used in the process domain for 
describing geometric maturity through different stages of the PDP. 

3.5 Reflection 
Each publication's objective has been to describe one or two domains. In the work that 
is the basis of these publications, it is apparent that it is difficult to address just one or 
two domains. Improvements that must be initiated for increasing efficiency will most 
likely have to be addressed with a wider scope. However, in order to support 
improvement, it is important to utilise terminology and methods that are easy to update 
and that are understandable by all participants. The framework with its key expressions, 
the GMP and the GBPI, contributes to this drive towards improvement. 
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CHAPTER 4 

There are many research areas and 
projects that are more or less close 
to the objectives of the research 
described in this thesis. Some 
relevant research has been 
described subjectively in brief in this 
chapter. 

RELATED RESEARCH 

4.1 The community of ENDREA 

This research project belongs to the ENDREA programme. ENDREA is an acronym for 
The Swedish ENgineering Design Research and Education Agenda [14]. At present, 
about 50 research projects are active. Projects with similar interests are grouped 
together in clusters. The Product Model cluster is the residence of this project. Some 
fruitful collaboration has taken place, such as [24], and some of the research work 
conducted in the other cluster projects is in fact related to this project. 

Product Structure Management is an important area relating to the framework that is 
being elaborated. Product structure issues are important to the product information part 
of the GBPI. They are also a prerequisite in the realisation domain. Reference [51] 
points out a number of obstacles when dealing with this kind of issue, for example 
difficulties in describing products in databases and strategies for the introduction of 
new information management systems. The transfer of product structures between 
different systems also falls within the scope of this project. Furthermore, process 
modelling is studied and parallels to the framework of this research project are relevant. 

Another of the cluster projects deals with distributed engineering [53]. The focus is on 
product models, technology and methodologies governing how to share, exchange and 
interact within a geographically distributed engineering environment. Distributed 
environments build on the existence of GBPI and they contribute to integration in the 
extended enterprise. 

Two projects have been mentioned, but there are many other projects in ENDREA that 
relate to the work presented in this thesis. For example, different perspectives for 
modular products have been the primary subject in two thesis [4, 50]. 

4.2 Internationally related research  

IFIP  Working Group 5.2. [6, 35, 52] has regular workshops in the area of knowledge 
intensive CAD. This is an international forum where the mission is to discuss issues 
about future directions of CAD technology. The scope has also been widened to include 
design theory, methodology reflecting focus on design process modelling and issues of 
concurrent engineering. A number of workshops have been held during the past six 
years, and each workshop had a specific theme. The most relevant articles presented at 
the workshops are enclosed in a volume that is available to the general public. 
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The iViP project. iViP stands for Innovative Technologies and Systems for the 
Integrated Virtual Product Creation [25,30]. It is a German corporate initiative from 
German enterprises and research institutions. In the iViP project, the continuous 
digitalisation of the product development process is regarded as the key to increased 
competitiveness. The whole approach builds on DPD by utilisation of 3-dimensional 
models. DIVIUs, communication and information systems and the digital master are 
central concepts in the project. One of the objectives is "a noticeable reduction of 
rework". The project was founded in 1998 and coordinated by the  Fraunhofer  Institute 
for Production Systems and Design Technology  IFK-Berlin.  

COPROMOD, COmmon digital PROduct MODels. COPROMOD is a part of 
ENHANCE, ENHanced AeroNautical Concurrent Engineering [31]. This is a European 
R&D project that was founded in 1999. It originates from the aeronautical industry and 
deals among other things with what is called "Digital Product Masters". The scope is 
much wider than the framework presented in this thesis. The stated objective is stated 
as follows: "The goal is that the application of digital product masters on the aircraft 
business processes will be a significant means to reduce development time, interface 
procedures and expenditures for coordination and administration of data sharing in the 
extended enterprise." 
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CHAPTER 5 

This chapter is a summary of the 
presented thesis. It concludes with a 
description of the areas that the 
project will approach in its further 
work 

CONCLUSIONS AND FUTURE WORK 

5.1 Conclusions 

The management of geometry related issues in modern product development is a 
prerequisite for business excellence. As pointed out in chapter 4, there are many 
research programmes and projects that address similar issues to those discussed in this 
project. However, the contribution of the research conducted here stems from the fact 
that all activities circle around a geometrical perspective and a holistic view of different 
types of geometry user. Furthermore, some of the results presented in the framework, 
such as the categorisation matrix and the geometrical process view, are both industrially 
and academically relevant and applicable. The gradual transition from traditional 
product development towards digital product development has been emphasised. It is 
reasonable to make a metaphor of the current utilisation of Geometry Based Product 
Information (GBPI) in business; it is like the tip of an iceberg. The rapid development 
in hardware and software will result in new application areas and an even stronger 
focus on GBPI related issues. The establishment of a framework where different 
perspectives, methods and a terminology are outlined should not be underestimated. 
The area that is described by the proposed framework constitutes core knowledge for 
performing efficient and competitive product development and must be included in the 
business strategies. 

5.2 Future work 

In order for a proposed method or process to be successful, quantifications are the best 
way of supporting the advocated framework. Time or cost quantifications are easier to 
measure than quality. So far, no activity has been conducted that have resulted in 
measurements.. This is a highly suitable activity that would fit in with the doctoral 
thesis of this project. 

The availability of GBPI is favoured by deeper knowledge in the area of database 
management and product structures. This is a relevant area that would further 
contribute to the proposed framework. 

In the publications, it was pointed out that the studied sub-assembly contains no sheet 
metal components and a limited amount of electronic equipment. To a certain extent, 
sheet metal issues originate from the area of industrial design. Until now, limited 
activities have been conducted, encompassing a link to the work performed in industrial 
design departments and in electrical design departments. It is important to incorporate 
the perspectives of these organisational functions into the framework. 
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Categorisation of Geometry Users 
A survey on the usage of CAD models at Volvo Truck Corporation  

FREDDY  FUXIN1'2,  STEFAN  EDLUND2  

Department of Mechanical Engineering,  Luleå  University of Technology, 971 87  Luleå,  SWEDEN 
2: Volvo Truck Corporation, 405 08  Göteborg,  SWEDEN 

ABSTRACT Many companies today use 3D geometry-based product models in 
engineering design. 3D-models are used from early development stages and stored in 
CAD databases. They should be regarded as a resource for elimination of rework in 
downstream activities of the extended enterprise. In order to increase the usage of this 
already acquired information, complements to existing business processes must take 
place. The result will contribute to increased integration of the development process 
and therefore more concurrent engineering. The paper addresses the way in which 
requirements on Geometry Based Product Information (GBPI) should be decomposed. 
The decomposition makes it possible to separate and categorise geometry users. The 
presented methodology is a complement to existing business processes. It makes it 
possible to map corporate requirements on GBPI, and thus to address these categories 
in the product development process's different stages. The proposed method is based on 
key principals of Quality Functions Deployment. The data for the work has been 
collected from a survey conducted at the Volvo Truck Corporation in Sweden. 

1 Introduction 

The reduction of total product development time and improved quality strongly 
depends on parallel work. Therefore, companies today emphasise the business process 
instead of the more traditional functional divisions. Current practices have also been 
strongly influenced by other factors such as global competition and outsourcing. 
Multiple methods and tools, with different perspectives on product and process 
development, have been elaborated; for example Concurrent Engineering [1] and 
Integrated Product Development [2]. 

The use of 3D solid models in design is today very widespread. At different companies, 
enormous amounts of man-hours are invested in substantial computer aided design 
(CAD) databases[3]. These databases contain geometry representations and related 
product data. There exist more types of relevant product information in other product 
databases. In this research project, the content of these resources is referred to as 
Geometry Based Product Information (GBPI). The aim is to adapt and distribute 
accurate and sufficient GBPI to users around the extended enterprise. 
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In many larger companies, parallel activities run unaware of each other's requirements 
on digital product representation. The type of geometry representation and the 
supplementary product information that is used is often very similar. The lack of 
awareness reflects a lack of communication and co-ordination in the development 
process. A holistic view can be attained by paying more attention to the use of GBPI 
within the company's different areas. By complementing existing development 
processes with a holistic Geometry Management Process (GMP) extensive reuse of 
already acquired information is possible and thereby a further integration of the 
business processes, see figure 1. 

et mae,
e% 
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Function Domain 

GMP  

Requirement Domain 

-Process 
Process Domain Realisation Domain 

Figure 1. The Geometry Management Process. 

This paper is based on a survey undertaken at the Volvo Truck Corporation. Chapter 
two briefly describes the framework around this paper. The third chapter describes the 
concept of categorisation of geometry users . The fourth chapter describes the survey 
that was undertaken and offers an analysis of the information collected. It finishes with 
a general discussion and some conclusions. The last chapter is a summary of the article. 

2 Framework 

The objective of this research project is to increase the use of already-generated GBPI 
in later development stages and thereby eliminate rework. The outcome will be a 
Geometry Management Process complementing the existing business process. Today, 
management of GBPI lack supporting tools in the product development process. In this 
article a categorisation method is presented which is based upon the function and the 
requirement domain of figure 1. The methodology outlined should make it easier to 
consider different geometry users in the development process, that is already from early 
stages. Accordingly, the core of figure 1 (GMP) together with the two mentioned 
domains are presented more in detail while the process and realisation domain just 
briefly is mentioned. 

In many companies the complete product exists as a solid model in the CAD databases 
from an early design stage. These models are facilitators for integration between the 
early and late stages and provide means for elimination of rework. In figure 2 the core 
is more detailed depicted, basics of concurrent engineering are presented, i.e. when 
designing with respect to function and performance, other life cycle attributes are 
represented and taken into consideration [4]. 
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Figure 2. Generalised view of communication of GBPI 

Today, much attention is focused on CAD systems and less thought is given to needs of 
users in the downstream activities of the product development process. The 
functionality of the CAD systems is continuously changing and the company's focus 
should not be on software but on which information should be communicated and 
when. 

The holistic approach is of the utmost importance when the need for Geometry Based 
Product Information has to be established. The upper left rectangle of figure 1 is named 
the function domain. The domain should answer to the question who, that is which 
organisational functions, can benefit from using different varieties of geometry 
representations and various related product information? Figure 3 outlines the function 
domain from the geometrical perspective. 
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Figure 3. The function domain 

The control of when information should be available depends on what type of 
information needs to be generated. The type of information is reflected by the 
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requirements of the organisational function concerned. The upper right rectangle in 
figure 1, the requirement domain should answer to the what question. 

The domain is symbolised in figure 4. The requirement domain, together with the 
function domain, deals with a structured approach for categorising geometry users by 
their requirements on geometry-based product information. 

Users 
• • • 

• • • 
• • • 

• • • 
• I • 

• • • 
• I • 

• • 
0 • • • • 

• • I 

Requirements 

Figure 4. The requirement domain. 

The two remaining domains, the process domain and the realisation domain, should 
answer to the when question and the how question. If it is possible to establish 
categorises of geometry users, their requirements must be evaluated from a process 
perspective. The realisation domain deals with tools appropriate for meeting different 
requirements. These two domains depend on the existence of the categorisation tool and 
therefore they are out of the scope for this article. 

2.1 GBPI in concurrent engineering 

The paradigm of concurrent engineering is to perform as many activities as possible 
concurrently, and therefore reduce time to market. In concurrent engineering many 
complementing tools are proposed for supporting and correlating the different 
activities. The goal is not only to decrease time to-market, but also to deliver wanted 
products with improved quality. The computerisation of all parts of the enterprises in 
combination with intranets, internet and extranets make it possible to distribute 
information and perform parallel work. The result is an advanced framework of 
collaborative tools [5]. The information is shared between teams, processes and 
machines[1] and this makes the task of managing and co-ordinating all information 
complex. 
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By postponing the introduction of physical prototypes and instead use digital prototypes 
total development time can be reduced. The prerequisite of such a strategy is that all 
involved organisational functions can cooperate concurrently with digital prototypes. 
Digital prototypes are denoted digital mock-ups, DMUs. The product is represented by 
geometry models. The application areas for DMUs have increased continuously during 
the last decade. The objective of eliminating rework [10] is depending on competent 
management of GBPI together with well working methods, processes and tools for 
dealing with these digital models. Around the extended enterprises there are internal 
customers of DMUs. A well-founded categorisation methodology should organise these 
customers in a systematic way by their requirements on GBPI. This will support the 
extended enterprise in developing cost efficient products faster, and with improved 
quality. CAD Software system requirements for enabling Concurrent Engineering have 
been presented earlier [16]. The present article adds another perspective to these 
requirements since the geometry users, and not only CAD tools, are taken into 
considerations. 

3 	The concept of categorising geometry users 

The method has been elaborated at Volvo Truck Corporation in  Göteborg,  Sweden. 
One suitable sub-assembly was chosen as object of study. Initial work was on mapping 
organisational functions participating in developing this sub-assembly, the foundation 
for the function domain. A few personnel from different functions were first 
interviewed on their requirements on the GBPI. Their responses were decomposed and 
analysed, the origin of the requirements domain. Thereafter more personnel have been 
interviewed and complements to the original categorisation matrix have been made. 
The following three sub-chapters will describe the identified sub-assembly, the function 
domain and finally the requirement domain. The actual categorisation takes place in the 
requirement domain. The geometry users are categorised on their requirements on 
functionality for accomplishing their work. 

3.1 The chosen sub-assembly 

One of the ongoing projects that included many interesting aspects involved portions of 
a front axle installation, see figure 5. Some of the components are presented here 
together with the manufacturing discipline that they represent: 

• Forged solid front axle 
• Cast solid disc brakes 
• Forged steering knuckles 
• Sheet metal link rod with ball joints 

Forged and cast components in particular must normally be after-treated in some type 
of machine operation. 
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Figure 5. The chosen front axle sub-assembly 

The reasons for the choice of sub-assembly can be further outlined: 

• Multiple suppliers are involved. 
• Assembly takes place at several sites. 
• The sub-assembly involves both new and traditional product concepts. 
• In the assembly, electronic equipment is used for several purposes. 

3.2 The function domain 

Once the sub-assembly was chosen, a holistic mapping activity began. The activity 
involved mapping internal and external functions that had been involved in different 
stages of the product development process. The following list comprises functions that 
are potential users of different sorts of GBPI throughout the product's life cycle. 

• Engineering Design - The origin of most GBPI. 
• Product Packaging - Complete product packaging and validation by DMU 

applications. 
• Product Analysis - Simulations of functions, structural strength, dynamic features 

and fatigue. 
• Management — Viewing of GBPI status. 
• Purchasing - Basis in supplier discussions. 
• Suppliers - During the development of new components, there is continuous 

communication with suppliers and system suppliers. 
• Production Preparation- Digital product models facilitates the simulation of 

tools, manufacturing lines and work-space. 
• Aftermarket support - Spare parts catalogues, illustrations for diagnostic tools 

and animations are examples of materials that are easier to create with material 
derived from the CAD databases. 

6 



Appendix 2- Publication A. 

• Product Training - Before a new product is launched, mechanics and 
manufacturing personnel must receive training material with instructions on how to 
assemble, disassemble and service the product. 

• Manufacturing - The manufacturing engineers must illustrate the manufacturing 
process in various ways. 

• Sales and marketing - When introducing and selling products, real products are 
used. However, there are several features and physical functions that can be 
demonstrated more clearly in digital form. 

These aforementioned functions have different requirements on GBPI. It is important to 
support changing requirements. The personnel is a influencing agent in the CE domain 
as forces of change [I]. 

3.3 The requirement domain 

"Requirements change when products mature" [12]. Requirements for GBPI change 
due to rapid developments in the area of information technology. By proposing a tool 
where cross-functional requirements for GBPI are organised, it is possible to categorise 
different organisational functions. Once the categorisation has taken place, it is possible 
to address the way in which different requirements should be fulfilled and when 

In the beginning of the survey a number of people from different functions were 
interviewed. Their requirements were collated and analysed. The interviews then 
continued, partly to verify the analysis but partly also to extend the basis for the 
categorisation matrix. 

The concept of Quality Function Deployment (QFD) has proven its usefulness in a 
large variety of applications over the past two decades. During these years some 
structural changes have been made but the original emphasis has not changed. In 1988 
Hauser and Clausing [6] presented an article that explains QFD and The House of 
Quality. Several more recent publications have involved key principals of QFD, e.g. 
[7,8]. In [1], five areas are pointed out were QFD has proven to be a powerful 
technique. According to [I], the proposed QFD application in this article should be 
considered as both a "Translation Tool" and a "Continuous Improvement Tool" where 
the customers are internal geometry users of the extended enterprise. The proposed 
method results in a relationship matrix between whats, that is requirements on 
functionality, and whos, which are the geometry users. By comparison different whos it 
is possible to create categorises from geometry users with equivalent requirements. 

The set of requirements 

Requirements concerning GBPI span several areas that are directly separated from each 
other. Since most GBPI is generated in early stages, the early stages must generate 
relevant GBPI for the stages downstream. The method presented makes it possible to 
address a manageable number of categorised geometry users. The categorisation is 
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based on different users' functional requirements on their GBPI. The analysis of the 
initial interviews gave a number of independent requirements. Each of these 
requirements was classified into three levels. The following list contains the 
requirement groups that have been defined: 

• Level Of Detail  (LOD):  In how much detail must a component be represented? 
The sub-levels are: 1. Envelop. 2. Draft. 3. Detailed. The  LOD  requirements are 
pictured in figure 6. 

Figure 6. Level Of Detail  (LOD).  

• Level Of Visualisation  (LOV):  Depending on application, the demands on  LOV  
are divided into: 1. Hidden line. 2. Shaded. 3. Rendered, figure 7 show the levels of  
LOV.  

Figure 7. Level of Visualisation  (LOV)  

• Geometrical Adaptation: The geometrical representations are adapted to the area 
of application, see the examples in figure 8. For certain applications, it is 
favourable to use a simplified representation such as a stylised figure. For others 
applications, enhancements such as highlighting of some components while 
keeping others transparent, is the best alternative. Accordingly, this group is 
divided into: 1. Simplified representation. 2. Unchanged representation. 3. 
Enhanced representation. 
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, 

, 7 

, 

Figure 8. Geometrical Adaptation. 

• Level Of Presentation (LOP): When generating presentation material the 
intended media is of importance. This requirement group is therefore divided into: 
1. Paper. 2. Screen. 3.Virtual Reality  (VR).  

• Dimensions: The first group of users is merely interested in tabular information. 
The second group prefers some sort of 2-dimensional representation. The third 
group is most interested in 3-dimensional representations. Accordingly, this 
requirement group consists of: 1. Tabular representation. 2. Two-dimensional 
representation. 3. Three-dimensional representation. 

• Software functionality: This requirement group is divided into three sub-groups: 
1. Viewable, 2. Observable and 3. Controllable. Within each sub-group, there are 
three to four exemplifications of functionality. Users that require Viewable 
functionality are interested in such things as viewing and zooming functionality, in 
other words the very basic functionality. Users of the second sub-group require 
Observable functionality, i.e. they are more interested in details and therefore 
demand functionality such as exploding an assembly and taking measurements. 
This second group is consequently built on the functionality of both group one and 
group two. Both the first two groups are uninterested in modifications of the 
existing geometry representation. The third group, named Controllable 
functionality, is concerned with designing or modifying components. 

• Structure of Complexity: Some functions are only interested in the component 
level, that is the lowest level in the product structure. Other functions must work 
with the complete product, the highest level. The intermediate level is concerned 
with modules. Therefore Structure of Complexity is divided in: 1. Component. 2. 
Module. 3. Complete Product. 

• Level of Configuration (LOC): LOC deals with how the geometrical 
representation should be configurated. 1. Manual configuration is the lowest level. 
2. Semiautomatic LOC is when the required representation partly is configurated 
and some manual packaging must be carried out. 3. The highest level is automatic 
LOC. 
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• Access: In order to get hold of information, one must have access to the 
information. This requirement group is divided into: 1. Public access. 2. Company 
access. 3. Restricted access. 

• Release rate: Users of geometry representations have different requirements 
concerning updates. For some groupings it is of utmost importance that the update 
is instant, for other groupings it is sufficient with a scheduled update. The third 
type of grouping prefers a triggered update, i.e. it should be triggered by a 
parameter such as a gate in the development process. This requirement group 
consists of: 1. Instant update. 2. Scheduled update. 3. Triggered update. 

The agents comprise the tools and techniques used in digital product development. The 
presented relationship matrix is applicable in the two areas described by the agents. The 
matrix can therefore be seen as an enabler for concurrent engineering, where the 
categorised geometry users make it possible to eliminate rework and also increase 
parallel work. This paper relates to users of geometry representations, so requirements 
concerning other product information have not been included. In chapter 4, five 
functions from the survey exemplify the way in which the method has been utilised. 

The set of users 

The persons interviewed during the survey belonged to different functions. Once the list 
of requirements for each user has been established it is mapped into the matrix. When 
the requirements from several users, from different functions, are mapped into the 
matrix it is possible to perform a user categorisation. 

4 Example of the categorisation at Volvo Truck 
Corporation 

From the first few interviews a structure of the relationship matrix evolved. When the 
interviews continued, modifications were done to the matrix. In this section results and 
observations will be presented for five functions. One function at a time will be 
presented. A more thorough analysis of the aftermarket function will be followed by 
less detailed analyses of the remaining five. Each presentation will be concluded with a 
short discussion. 

Aftermarket Support. The first more detailed example presented is taken from the 
requirements of an illustrator at aftermarket support, see figure 9. This function is, 
among other things, concerned with the generation of illustrations for product 
documentation. 
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GBPI Requirement 
Level of Detail  (LOD):  

Level of Visualization  (LOV):  

Geometrical Adaptation: 

Level of Presentation (LOP):  

Software Functionality:  

Structure Complexity:  

Level of Conflouration:  

Access:  

Release rate: 

Dimensions:  

Envelop 
Draft 
Detailed 

Hidden Line 
Shaded 
Rendered 

Simplified 
Unchanged 
Enhanced 

Paper 
Screen 
Virtual Reality 

Viewable 
Observable 
Controllable 

Component 
Module 
Complete Product 

Manual 
Semiautomatic 
Automatic 

Public 
Company 
Restricted 

Scheduled 
Triggered 
Instant update  

Tabular 
2-Dimensional 
3-Dimensional  

Figure 9. Example of mapping after an interview. 
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By analysing the mapped requirements, several conclusions can be drawn. The 
following list synthesises conclusions drawn from figure 9. 

• It is necessary to have a high level of detail since it is important that the 
illustrations reflect the final product. 

• When visualising illustrations, hidden lines are used in many applications. In order 
to be able to present material originating from solid models, a file in vector format 
is exported from the CAD tool. This file is then imported into a graphic tool where 
simplifications are performed, i.e. removal of unimportant lines. 

• Most aftermarket information is today available in folders (paper presentation) or 
on CD-ROM discs. 

• In order to illustrate different perspectives, it is a good idea to use 3D-models. 

• The functionality required to generate the illustrations involves features such as: 
rotation, explode, predefined views. 

• The 3D-models are accessed through CAD databases. 

• It is beneficial to initiate the illustration work as early as possible in the process, 
but finalisation of the illustrations is triggered when the product design is frozen. 

Discussion of Aftermarket Support. A CAD tool is today used to generate the basis for 
the illustrations. This implies that the total number of functions used in the CAD tool is 
very limited. As mentioned earlier, a CAD tool is not very user-friendly for sporadic 
use. Today, there are alternatives to CAD tools. They use geometry representations that 
are generated from the CAD models. They are more user-friendly and the sizes of the 
geometry representations are reduced by approximately a factor of 10. 

It is reasonable to question the use of hidden line representations. Should not shaded or 
rendered representation be used to an increasing extent instead of hidden line 
representations? Aftermarket documentation in the future will be distributed over the 
Internet and on CD-ROMs.  

Engineering Design. The design engineer is involved from the earliest stages and 
creates new concepts or modifies existing designs. The development is to a very large 
extent performed in the CAD tool and stored in the CAD databases. In earlier stages 
when the design not is frozen, draft representations with a lower level of detail are used. 
CAD tools today support conventional wireframe, hidden line and shaded 
visualisations. There is normally also some degree of rendering capability. The degree 
of geometrical adaptation is kept unchanged. The geometrical representations are 
usually presented on the screen or on paper. Design engineers create and modify 
components and larger assemblies and therefore require full control for creation and 
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modification, i.e. controllable software functionality. Thus, this is the origin of the 
Geometry Based Product Information that is developed by the company. This is where 
issues of adaptation and sufficient product information should be addressed and 
managed. 

Discussion of Engineering Design. The workload of the design engineer has increased 
steadily over the past decade. The result is a less creative environment. The 
communication of GBPI between companies and their partners must work smoothly. In 
other words, it is unacceptable to invest considerable effort into correcting geometry 
representations originating from other CAD systems — this is not creative work. For the 
designers, the adaptation of geometry models for various manufacturing applications is 
a laborious task. The suppliers must accept 3-dimensional models as a basis for their 
manufacturing. It should be easy to attach additional product information to the model. 

Purchasing. All purchasing of new components and systems is managed by the 
purchasing function. When initialising new co-operation with existing or new suppliers, 
thorough investigations are carried out in order to make sure that the intended supplier 
meets with the relevant demands in many areas. Design engineers participate in 
discussions on new details. The requirements of the function are to be able to access 
geometry representations with as high a level of detail as possible. The level of 
visualisation required is shaded. The representations are presented on screen or printed 
on paper. The level of software functionality is viewable. Since the function also 
participates when concept material is purchased, restricted information should be 
accessible. 

Discussion of Purchasing. Discussions with existing suppliers, or with intended new 
suppliers, could to a certain extent be carried out with a geometrical representation as a 
basis. The purchaser should be able to easy access conceptual product models and use 
these as a basis in discussions. In order to ease the transfer of geometry representations 
between the company and its suppliers, thorough regulations for how this exchange 
should be carried out must also be defined, i.e. how the Geometry Based Product 
Information is transferred, which formats are delivered from the company and which 
formats are required when the supplier returns the geometry representation to the 
company. 

Product Packaging. More complex products consist of multiple systems and large 
amounts of components. Each function could be responsible for the packaging of its 
own components and systems, but total packaging responsibility must be assigned to 
one over-riding function. This function requires a level of detail that is at least drafted, 
i.e. for earlier stages it is drafted, but when a design review is presented the highest 
level of detail is recommended. Since most packaging takes place in a CAD- or DMU-
environment the level of visualisation is shaded. In exceptional cases, there is 
justification for the rendered level of visualisation. Most of the required software 
functionality concerns viewing and packaging, i.e. observable software functionality. 
Packaging is performed in earlier stages, both for existing projects and conceptual 
projects, so restricted access is necessary. 
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Discussion of Product Packaging. Complete product packaging is a result of the fact 
that the complete product exists in the CAD databases and can therefore be digitally 
packaged. For more complex products consisting of thousands of components, it is too 
cumbersome to carry out different tasks in the CAD environment, so DMUs are used 
instead. Complete digital product packaging is a rather new phenomenon, so the 
responsibilities and undertakings are perhaps not always very clear. The workload of 
the design engineers has already been mentioned, some obligations should perhaps be 
assigned to the product packaging function. 

Production Preparation. The potential cost reduction is vast in the area of preparing 
assembly plants for new products. The Production Preparation function can be divided 
into a number of sub-functions from a geometrical perspective. The reason for this 
division is that different requirements exist for different groups within Production 
Preparation, see the example in figure 10. 

• Most Production Preparation activities do not depend on a high level of detail. 
Simulations of assembly sequences and plant layout are possible with draft 
representations. Tool and fixture design are more dependent on a higher level of 
detail. 

• The level of visualisation depends heavily on whether the intended material is 
going to be used in the form of manuals, for assembly simulations or for tool 
design. 

• The adaptation could also be divided into more than one level. The manuals are 
generated with simplified representations, assembly simulations are performed 
with unchanged geometrical adaptation, while tool design must be able to enhance 
certain parts, placements and practised manipulations. 

• The manuals are mostly printed on paper while assembly simulation and tool 
design take place on screen. Therefore there is more than one level of presentation 
for the Production Preparation function. 

• Independent of sub-function, it is preferable to use 3-dimensional geometrical 
representations in all scenarios. 

• The software functionality required depends on the relevant sub-function. If 
manuals are to be created, viewable functionality is required. Assembly 
simulations require that more thorough observations can be carried out, for 
instance measurements and explodes. When designing new tools, there must be 
controllable functionality. 

• The requirement concerning access to geometrical representations is on a company 
level. 

• Most of the activities discussed could use material that is scheduled for release. 
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Figure 10. Example of assembly simulation. 

Discussion of Production Preparation. Some of the sub-functions of Production 
Preparation today still use 2-dimensional representations instead of using CAD tools. 
The result is that the CAD databases not are accessible. For assembly simulations and 
other activities, DMUs are well-suited. However, to make full use of the DMUs 
procedures for conversion to DMU formats, releases of new updates and the software 
itself must be established. There are numerous areas where digital simulations can and 
will be used to an increasing extent in the area of Production Preparation to cut cost and 
save time; for example workstation layouts, ergonomics and  offline  programming. 

When a workstation is modified or a new workstation is designed, most equipment is 
delivered by suppliers. Simulations of various types make it feasible to detect less 
favourable conceptual designs in the equipment, thus making it possible to cut both 
time and cost. However, these simulation activities require that 3-dimensional solid 
models are delivered from the suppliers. Thus, when purchasing equipment, one of the 
pre-requisites is that the suppliers must deliver 3-dimensional product models. In order 
to further speed up this process the formats must be set when purchasing the equipment. 

4.1 General Discussion and Conclusions 

Several important matters and circumstances have appeared during the survey and 
organisational function analysis . From a general point of view, there is room for 
improvement in the use of varieties of geometry representations that are generated from 
CAD databases. However, to distribute this type of information, the right prerequisites 
must exist in the product development process. These prerequisites should be addressed 
in a parallel running process, i.e. the Geometry Management Process. 

Today, at different functions, excessively complicated CAD tools are used to access 
information from the earlier stages of the development process. The tools do not always 
fulfil all the relevant functionality requirements. 
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Today, there is information material that is generated from scratch, i.e. the CAD 
databases are not used as a basis for the new material. 

There are functions working with similar demands on geometry representation where 
there seems to be a very low degree of co-ordination with generation of the Geometry 
Based Product Information. 

The continuous exchange of geometry representations between design functions and 
external suppliers does not work as smoothly as it should do. This is partly due to a lack 
of communication within the company, i.e. there must be stringent guidelines 
specifying what type of information that should be exchanged. 

3-dimensional geometry models are not always included in purchasing agreements. The 
deal might get more expensive with such models included. However, it is most likely 
that these solid models will also eliminate rework in downstream stages and thereby 
motivate the extra purchasing cost of these models. 

This survey has been conducted on the sub-assembly of a front axle installation. The 
materials used are not viewed from an industrial design angle when they are designed. 
The conclusion is that further case studies and surveys must be performed. They must 
include aspects from the area of sheet metal and electronic installations. Perhaps a 
study should be undertaken on a completely different product. 

5 Summary 

To categorise geometry users, a holistic approach has been used in a survey conducted 
at the Volvo Truck Corporation. Data was collected in a cross-functional survey from 
several different organisational functions, from engineering design to downstream 
located functions in the product development process. The data was organised and 
analysed in a structured manner according to the principles of Quality Function 
Deployment. From the results of the relationship matrix it was possible to establish 
different categories of users of geometry-based product information. 

This survey has incorporated six different organisational functions. These functions 
have served as examples of geometry users in this paper. The collated requirements 
have constituted a source of comparison and refinement of the set of requirements in 
the relationship matrix. To date, six functions have been interviewed and incorporated 
in the categorisation matrix. 

The requirements concerning GBPI will keep changing and this will affect the 
relationship matrix. However, the structure of requirements facilitates easy 
incorporation of new requirements. The survey will continue and further modifications 
will be made to the structure of the matrix. Several areas have not been thoroughly 
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covered in the performed survey, for example the communication between engineering 
design and suppliers, manufacturing and assembly operations. 

This research project is based on four fundamental domains in the area of geometry-
based product information. Together these domains form a Geometry Management 
Process. This paper has highlighted the requirement and function domains. The 
resulting categorises are very important constituents in the process domain. The 
objective of eliminating rework in downstream functions is depending on that the 
requirements on GBPI is established, already from the start of new projects. The 
method presented establish these requirements. 
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1 Introduction 

This paper describes the Process Domain, which constitutes one of the four domains 
that form the Geometry Management Process (GMP). The main theme is to establish 
systematic methods, processes and perspectives on Geometry Based Product 
Information (GBPI). The result will contribute to elimination of rework and to 
increased integration in the extended enterprise [1]. The Function Domain and the 
Requirement Domain have been outlined in greater detail in [2]. The fourth domain, the 
Realisation Domain, deals with ways of realising geometry representations, that is the 
tools for generating, packaging, and viewing. Figure 1 outlines the structure of the 
GMP. The original hypothesis has been that it is possible to divide the GMP into four 
separate domains. The initial efforts were made in the function and requirement 
domains. This publication deals with the process domain. The domain is introduced in 
the following chapter. Next chapter presents the proposed process, both a broader 
perspective and in detail. The final chapter is conclusions. 

Function Domain 	te  Manae Requirement Domain  

sie  

GMP 

Proc  
Process Domain Realisation Domain 

Figure 1. The Geometry Management Process and relevant domains. 

2 	The process domain 

The gradual transition from traditional towards digital product development will favour 
a well-established process for managing GBPI. The basis of the process domain relies 
on studies of the evolution of geometric maturity through different stages of the product 
development process. All studies and surveys were conducted at the Volvo Truck 
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Corporation in  Göteborg,  Sweden. In the studies, a portion of a heavy truck front axle 
assembly was used, see figure 2, but issues that are more general have also been taken 
into consideration. One of the obstacles to increased integration is that the various 
activities have to be carried out concurrently. It is therefore difficult to manage and sort 
all the various perspectives on GBPI. Digital product development results in that the 
digital master, which must be accompanied by new methods and procedures, will 
replace the physical master. In a company, there is normally a top-down approach 
where a project plan prescribes different stages to be carried out throughout the 
duration of the project. The GMP should support the construction of this project plan. 
The process domain's most important question to answer is "when"; when has a 
component, sub-assembly or module reached a level of detail (L.O.D.) where it 
supports all the downstream requirements of a specific function (e.g. product 
preparation, marketing)? Furthermore, it should be possible to adapt the process domain 
to different levels of the project, i.e. from a generic level to direct realisation level for 
different activities and tasks. 

Figure 1. The chosen front axle assembly. 

There are many methods and theories for how product development should be carried 
out. They normally divide the product development process into phases, for example 
Concept Development, System-Level Design, Detail Design, Testing and Refinement 
and Product Ramp-up [3]. The process proposed in this publication comes from 
application of a geometrical perspective on tasks, activities and co-operation in the 
development environment. It is motivated by the gradual transition from traditional 
towards digital product development and should not be considered as a stand-alone 
process but as a complement to existing business processes. 

2.1 The broader perspective on the development process 

Conceptual development and detail development deal with the creation of the new 
product. The geometrical foundation is from the very beginning rather vague for those 
components/modules that not are directly carried over from previous products. During a 
given project, the geometrical foundation matures and one stage is replaced with the 
following one; what is taking place is stepwise refinement. Thus, it is reasonable to 
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argue that the development process is iterative during these stages [4]. The design 
engineer's knowledge about his/her new component/module grows when new problems 
are penetrated and solved during evolution towards a product that meets predefined 
specifications [5]. The various activities throughout this iterative sequence are 
decomposed and generic elements are synthesised. The resulting activities, inputs and 
outputs are to be considered as generic constituents that populate a generic process. A 
top-down approach is applied where an important extra stage, preconceptual 
development, has been included, see figure 3. The growing importance of GBPI is the 
reason why the preconceptual stage has been introduced. The geometry users in the last 
stage, industrialisation, will definitely benefit from adequate and accessible GBPI 
when generating assemble documentation, educational material, service information 
and marketing brochures. It should be pointed out that these users not are interested in 
refining the L.O.D., they are interested in applying already created GBPI. However, the 
activities will justify additional time and resources spent at the earliest stages on 
definition and adaptation of geometric information. This is the holistic view of GBPI - 
elimination of rework in downstream functions by a structured approach on GBPI. 

Figure 2. Proposed different stages in a product development project. 

2.2 Basis for process construction 

A major project is a complex set of activities that have to be coordinated. A product 
development process should support and coordinate these activities. Almost all 
activities that constitute the major process have inputs, outputs and some 
controls/constraints that must be followed. Furthermore, to realise the activity, 
appropriate resources and tools must exist. Inputs, outputs, control/constraints and 
resources/tools are fundamentals of IDEFO. They have been applied to the process 
domain. From the studies conducted, different factors that influence geometry have 
been identified. These will be briefly presented. 

Inputs. Each activity has geometrical input. The L.O.D. will differ depending on where 
in the process the activity is located. Some fundamental properties of the input will 
always prevail. The specified product structure must be sent together with the 
geometric representation, the hierarchical position. The expression "carry-over" has 
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thus far been used for components and assemblies carried over from earlier product 
projects. A redefinition of this expression is made. The same signification is still valid 
but it may also denote geometrical input from an earlier activity together with 
geometrical interfaces for adjacent modules. 

Resources and tools. Staff and functions that must be made available for fulfilling the 
refinement activities. Partners and suppliers are also to be considered as resources. The 
notation tools are the tools needed for realising the refinement activity. The range of 
tools extends from modelling tools, via assembly and packaging tools to more simple 
viewers. 

Controls and constraints. Strategies/rules and guidelines, for example demands on 
commonality and modules, affect the refinement activities. Time plans are constraints 
that must be followed. Control of product and process documentation must be 
undertaken continuously to follow up and secure the project's progress. 

Output. When the refinement activity is completed, the result - the refined geometrical 
model - should be made available for subsequent activities. 

The iterations are caused by what is called geometrical modification requests. Some of 
the subsequent activities mentioned have an obligation to provide a response. In earlier 
stages, this obligation may merely comprise simple viewing and communication of 
opinions, but this could extend to problems, for example when applying the GBPI in 
assembly simulations. Many of these activities can be directly associated with a given 
function. Figure 4 illustrates the collected aspects together with some examples taken 
from different stages. 

Geometrical Modification Request 

Strategies  i  Rules / Guidelines 
Product Requirements —IManufactu in 
Time plan 

Marketing 

Refinement of 
Geometrical 	1›. Refined Geometry Model 

L.O.D. 

Organisational functions Modell  ng  tools 
Partners / Suppliers 	Assembly / Packaging tools 

Corporate Viewers 

Figure 3. Generic structure for decomposition of the process. 

Any shortcomings that are discovered must be corrected and they will inevitably result 
in iterations. Depending on the degree of the shortcoming, the iteration can be directed 
to the previous activity or all the way back to preconceptual development, in the worst-
case scenario. Each stage should refine its given L.O.D. to its next L.O.D. The 
refinement procedure is more or less independent of the state to which it is applied. 
Thus, the refinement procedure is subdivided into three chronological steps. Each step 
is described briefly. 

Geometrical Definition 
Product Structure 
Carry-over 

- objects 
- interfaces 	--)e.  

Allocated Space 	  Refinement of Geometrical L.O.D. 
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Identification. Each stage, and each activity, receives some type of geometrical 
representation or definition as input. The objective for one stage will be stated in 
advance. Therefore it is essential that given geometrical prerequisites are identified, 
stating how the objective might be fulfilled. Have there been any alterations to 
interfaces or allocated space? This procedure of identification must be performed 
before any other activities can be initiated. 

Optimisation. The degree of refinement will improve during the fulfilment of one 
stage. The assembly structure and physical functions must be optimised towards the 
stated objective in each stage. In early stages it is of extra importance that these two are 
highlighted since there will be no physical prototypes where optimisation of these 
structures and functions can be performed. The focus will shift once the physical 
prototypes are introduced, and these prototypes will serve as verification rigs where 
simulations must be validated. 

Verification. Conclusions and verifications are always important when summing up 
current status, especially when the same personnel do not perform forthcoming 
activities. Have there been changes from the initial geometrical prerequisites; will they 
affect stages and functions downstream? Are the physical functions verified? Is it 
possible to manufacture and assemble these components and assemblies? The carry-
over of components, assemblies and interfaces are verified and summed up here before 
being sent on to next stage. 

Preconceptual development 

Preconceptual development deals with compilation of relevant geometric information at 
early stages before the actual development activities are initiated. The objective with 
this stage is to establish geometrical preferences that are as unambiguous as possible. 
Some of the recommendations proposed will generate extra work during the earlier 
stages, in addition to the extra effort that must be invested in summing up all the 
requirements. Eventually, these extra efforts will pay off when the latter stages utilise 
already-generated GBPI. 

Most companies utilise large carry-over percentages from earlier products. In this work, 
geometrical interfaces are also regarded as carry-over material. Product structure will 
strongly influence development and utilisation of GBPI. Product structure issues will be 
interpreted from different perspectives, such as modular/commonality and geometry 
users' perspectives. The matter of uncoupled development activities must be addressed 
during the preconceptual development phase. There are several reasons for conducting 
uncoupled development, for example advanced engineering projects or other major 
systems with their own development cycles. Nevertheless, by properly introducing 
them at this stage, preparations can be made for their incorporation. The finalisation of 
the preconceptual development is completed when the degree of refinement of the 
L.O.D. has reached envelope. 
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Identification. This geometrical input to the preconceptual development stage is 
composed of carry-over material. On top of these prerequisites, considerations must be 
given to variants of the future product and to requirements of geometry users who will 
participate in the forthcoming effort. In this context, carry-over material is regarded as 
either geometrical representations from previous product projects, geometrical 
interfaces between different modules (or sub-modules/components) or modules 
originating from uncoupled development activities. Identification of carry-over material 
is one of the primary objectives since it will serve as a reference for the space allocation 
of envelopes and decisions upon interfaces. For components and modules that are to be 
designed, these geometrical entities will serve as boundaries in the development work 
of each module. The product-planning department will specify which variants are to be 
included in the project. The specified variants are generated by a modular structure 
where commonality aspects are taken into consideration. The proposed method for 
categorisation of geometry users will add additional requirements to the product 
structure. Thus, by utilising this methodology, relevant GBPI is generated and in this 
way, geometry users are taken into consideration from the very beginning of the future 
project and rework in downstream activities is reduced. The refinement procedure for 
the preconceptual development stage is synthesised in figure 5. 

• Identification of possible 
carry over material 

• Identification of available 
space 

• Allocated Space 	• 

Initial Geometrical 	4  
prerequisites 
	II> Identification 

Physical function 
Assembly structure 

Optimisation 

Figure 4. The preconceptual process procedures.  

Optimisation. Preconceptual development does not primarily deal with physical 
function and assembly structures. However, since the geometrical definitions are 
carried out in the identification procedures, it is feasible to undertake the first 
preliminary checks of physical functions and assembly structure. 

Verification. The output from preconceptual development is compiled here. Are the 
original specifications fulfilled? Is it possible to geometrically generate all variants in a 
systematic manner? Will different categories of geometry users have access to relevant 
geometrical configurations? In the verification procedure, response must be received 
from areas with long lead-times. This last remark concerns manufacturing and 
assembly operations where implementation times normally are crucial for entire 
projects and for their success. 
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There are also other aspects to decide on when specifying the geometrical requirements 
of the project. One such aspect concerns communication between companies and 
suppliers, or partners, when there are different CAD systems [6]. Specifications should 
be made for neutral formats, and perhaps appropriate application protocols, for 
communication. 

Conceptual Development 

The primary objective of this stage is to evaluate several possible proposals and to 
reach a final concept. The geometrical input to the conceptual stage is more rigid due to 
the introduction of the preconceptual stage. For a specific module, the geometrical 
refinement activities will depend on just how many carry-over parts can be used. The 
result is that some organisational functions will have to start with an envelope with 
accompanying interface/interfaces. Other functions should concentrate on optimising an 
already existent concept and updating interfaces to surrounding modules. From the 
geometrical point of view, the vague envelopes, together with more defined GBPI, 
should at the end of the stage form a draft L.O.D. Since one or more design functions 
may not often be located in the same building, or even the same part of the world, 
regular collation and follow-up are important. Communication is one of the keys to 
success for the project. Collaborative work and distributed engineering must rely on, 
and have access to, reliable GBPI. 

Identification. The input to this stage consists of a mix of envelopes, interfaces and 
carry-over parts/modules. A module will always have one or many interfaces. This is 
valid for both envelopes and carry-over modules/parts. The first step towards finalising 
the concept is to agree upon the interfaces. Different modules are joined by interfaces 
and so too are the organisational functions responsible for the modules. Interfaces are 
the physical connections to adjacent modules and they are therefore the facilitators of 
the physical function specified. The envelopes serve as boundaries when evaluations of 
different concepts are made. The geometrical interfaces connect the different envelopes. 
All concepts generated will be evaluated against each other and against how well they 
fulfil the specification of the new product. The geometrical refinement activities depend 
on the amount of carry-over parts. Initially, organisational functions sharing an 
interface must ensure that the interface fulfils all connection requirements. Once a 
mutual agreement on interfaces is established, the focus is turned to physical function 
and product structure requirements. 

Optimisation. At this stage, preliminary evaluations must be conducted for the most 
credible concepts. Carry-over modules and parts have a well-founded geometrical basis 
from which to start off. Concepts starting with an envelope will have to be further 
refined before evaluations can be performed. The lack of physical prototypes implies 
that most decisions must be made from digital simulations and analyses. Even with low 
level of detail, it is today possible to perform extensive evaluations; e.g. technical 
calculation and motion/clearance analysis. This of course requires that the company has 
built up methods and procedures for supporting assessment during the early stages. 
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Product design is one area where visualisation techniques have made it possible to 
iterate faster. 

Verification. Before the conceptual development stage is concluded, the physical 
function, assembly structure and product variants must be verified against the product 
specification. The end result is the concept that will go through detailed design. The 
L.O.D. must at least be of draft quality. Drawings have in the past been the only way to 
communicate with downstream stages. The computerisation of all stages has made it 
possible for downstream functions, for example production preparation, to both view 
and utilise already created GBPI. In the latter stages of the refinement procedure of the 
conceptual development stage, most functions should have access to the draft L.O.D. 

Management of variants and versions is extremely important. The more functions 
involved in refinement activities, the greater the emphasis on this type of management. 
The digital master replaces the physical master, and that lasts for the entire product 
lifecycle. It must constitute the master reference for all variants and versions. 

Detailed design 

The detailed design stage encompasses the fulfilment of the highest level of detail and 
in the end the introduction of physical prototypes. The gradual transformation of the 
GBPI, from draft to detailed L.O.D., is associated with rigorous efforts. The generation 
and distribution of adequate geometry representations rely on competent management 
of the GBPI and the way in which it should be made accessible to all personnel 
involved. The concept of digital masters must be clearly stated, communicated and 
utilised. The initial refinement activities must focus on securing physical function and 
on ensuring that all suppliers are well informed about the requirements concerning their 
components and systems. This is the prerequisite for the first generation of physical 
prototypes. Critical areas and parameters detected from previous activities must be 
incorporated. There are several functions downstream of detailed design that have high 
requirements on the level of detail. Some of these functions are to generate illustrations 
or market material with a high level of both detail and visualisation. Other activities 
will run in parallel with the refinement activities of the relevant stage. The co-
ordination of geometry-based product information between the parallel activities is 
important. 

Identification. Draft is the lowest L.O.D. of carry-over material to enter this stage. 
Critical parameters detected during optimisation and verification in the conceptual 
development stage are invaluable as input to the detailed stage. One example is critical 
clearances detected during motion analysis. There are several functions waiting for the 
level of detail to reach their set requirements. It is essential to identify when these 
requirements will be met at this stage. This is necessary in order to be able to start up 
these activities as soon as possible. An update with the uncoupled activities will 
identify if there are any mismatches in co-ordination. Before the final refinement 
activities are initiated, all interfaces should be thoroughly analysed regarding physical 
function fulfilment 
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Optimisation. GBPI must be optimised in several different aspects to reach detail 
L.O.D. It is not until this stage that the utmost refinement can be performed. All radii, 
chamfers and tolerance zones should be optimised for low weight, tensile properties 
and cost. Packaging studies, computational models, endurance simulations, 
manufacturing logistics, assembly operations, maintenance simulations — all these must 
in the end be performed on real physical products. The physical prototypes that are built 
are thoroughly selected. The selection is based on earlier experience and from critical 
specification detected in the conceptual development. In order to further refine and 
optimise digital product development, any detected mistakes caused by incorrect 
assumptions in the computer models must be properly documented. They will serve as 
input to the geometrical prerequisites in the next project. 

Verification. The physical prototypes must be verified against the product 
specifications. The prototypes will also verify if it is possible to assemble the products 
as intended. Verification should be made against rules and regulations (certifications). 
Verification must also be made of the GBPI against the physical prototypes, taking into 
account tolerance management and measures. One of the prerequisites for digital 
product development is that the GBPI will reflect reality. Some approximations will 
always be done and it is extremely important to document this knowledge about what 
should be considered as an acceptable approximation. 

3 Conclusions 

The investigations and studies have clearly indicated that there is a need for a Geometry 
Management Process. Furthermore, the GBPI must be viewed from a holistic 
perspective to take full advantage of digital product development. The method of 
categorisation is one way of mapping corporate requirements on GBPI. It has been 
proven that it is possible to take the requirements of different categorises of geometry 
users into consideration in the product development process. The process perspective 
makes it feasible to detect when the requirements are to be met in the product 
development process. The breakdown of the process domain into different levels makes 
it feasible to bridge gaps between project management and personnel working in the 
line organisation. 

This article deliberately makes no mention of any tools or systems since it presents the 
process domain. However, it should be pointed out that in the CAD tool most geometry 
refinement activities take place. Packaging and viewing tools depend on a geometry 
base originating from the CAD tool. In these tools, no design modifications are made. 
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