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PREFACE 

This is the final report of my graduate study Technology Management at the Eindhoven 
University of Technology. This study is performed for the Business Engineering and 
Technology Application Institute (BETA) as a participant of the ESPRIT project RapidPDM. 

The subject of my graduate study deals with the development of a simulation tool for the 
RapidPDM project that will support the implementation of Product Data Management (PDM) 
systems in the dynamic and complex engineering-to-order environment. The simulation tool 
will provide insight in the effect of PDM on the performance of these product development 
processes. Performing research on subjects such as PDM, process modelling and simulation 
modelling in combination with the participation in an European project made this graduate 
study a very pleasant learning experience. 

Although this graduate study was performed for the Eindhoven University of Eindhoven, 
faculty of Technology Management, section Information & Technology as partner in the 
BETA institute, most of the time I was situated elsewhere. During the graduate study a 
preliminary literature study was performed at MIS organisatie ingenieurs in Maarssen, a 
participating partner of the RapidPDM project. This study was followed by a case study at 
Philips Production Technology and Engineering in Eindhoven, where I first came into contact 
with the practical aspects of product development. I would like to thank everybody for his or 
her support and pleasant co-operation during my stay at these companies. 

During the graduate assignment I worked in close co-operation with other graduate students 
working on/for the RapidPDM project. During the case study the co-operation with the faculty 
of Computing Science of the Eindhoven University of Technology started. I worked in close 
co-operation with the graduate student Erik Jans on the development of the simulation model 
for the RapidPDM project. Erik, Pieter Brouwer (student at the case company EBM Techniek) 
and I went to Galway (Ireland) to discuss the architecture and methodology of the simulation 
model with the graduate students at CIMRU and CEL, respectively partner and case 
company in the RapidPDM project. I would like to thank these fellow students for the 
pleasant co-operation during my graduate study. 

Furthermore, I would like to thank Rene van Gerwen (professor), Remko Helms (mentor) for 
the useful and pleasant discussions and Henk Jan Pels (professor) for all the support. 

Pleasant readings, 

Rob van den Elzen, 
August 1999 
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SUMMARY 

This summary will provide the reader with a profile of the graduate study performed for BETA 
as participation partner in the RapidPDM project. Product Data Management (PDM) systems 
manage and support the flow of product and process related data during the entire product 
life cycle. How the PDM functionality of these systems can be implemented in an efficient 
way is the subject of this project. 

The problem and the research objective 
Challenges for product development have changed due to increased competition and changes 
in customer behaviour. These changes have led to increased demands for the product, in terms 
of high functionality, timely introduction, low cost and high quality [de Graaf, 1996]. These 
changes also signify that products have become increasingly customer specific. Product and 
process specifications have to flow synchronously with customer orders. Product Data 
Management systems are designed to support this flow by managing all types of product and 
process related data. It is difficult however to quantify the effects of implementation of the 
different PDM functions of specific PDM packages on the product development process within a 
specific company. Another problem is that engineers focus on the technical aspects of the 
product and have no clear image of the product data flow process (as supported by the PDM
system). Therefore, there is a need for a tool that is able to visualise and quantify the effects of 
PDM implementation in concurrence with engineering process characteristics on the 
performance of product development processes. The engineering process characteristics reflect 
the maturity of the engineering process, which can be upgraded through process re-design. By 
demonstrating different situations this tool will provide the management and the potential users, 
e.g. engineers, with a common view on the dynamic behaviour of the engineering process, so 
that the decisions in the implementation process can be taken faster and with reduced risk. 

From the problem statement the following research objective is formulated: 

Develop a generic simulation model of product development processes that will be 
able to visualise the effect of Product Data Management functionality ana 
engineering process characteristics on the performance of product development 
processes in the quantifiable terms of time, costs and quality. 

The research objective results in the following research questions: 

1. What main characteristics of product development processes can be distinguished in 
theory and in practise and how can these be modelled into a generic process model? 

2. How can we translate the generic process model into a simulation model that will be able 
to visualise and quantify the effect of PDM implementation and engineering process 
characteristics on the performance of product development processes? 

The research methodology 
A framework of deliverables of the dynamic process modelling in the RapidPDM project is 
shown in the figure below. The deliverables in the first three phases of the framework 
enclose the research objective of this graduate study. The last phase, analysis and validation 
of research assumptions, enables a regulatory cycle within the research and gives cause for 
further work. The research design of the graduate study is defined by three stages, the 
orientation stage the design stage and the report stage. In the figure below these stages, the 
relationship with the research framework and the actions taken in each stage are shown. 
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The research framework and the stages of the graduate study 

Narrowing the research scope 

• 

This research will focus on the development of a generic simulation model of product 
development processes in an engineering-to-order environment. A working definition of the 
activities in the scope of this graduate study research is realised: 

The non-physical activities associated with a customer order between the time 
of arrival of a request for quotation from a potential customer and the time of 
delivery of the required documents for production, including non-physical 
actions triggered in the (latter) physical phase. 

A wide range of engineering-to-order production companies fit in this description. This calls 
for a more precise identification and description of companies in the scope of this research. 
Two types of companies are identified. The distinction between these two is based upon the 
degree of customer order independent engineering [Wortmann, 1989] : 
• A customisation shop has invested heavily in engineering, independent of customer 

orders but open to changes due to customer specific requirements. 
• The engineering company invests more in resource capacity, which is more functional 

and universally applicable. It allows the acceptance of orders for a wide range of custom 
build products. 

PDM functions 
Before going into the development of a generic process model of the engineering processes, 
the concepts PDM and PDM functions are elaborated. Helms uses existing definitions in 
literature of PDM to come to a proposed working definition of PDM in the RapidPDM project: 

AUTHOR 

'PDM is the discipline of making the right product and process related data 
available and accessible to the right parties at the right time in the product 
/if ecycle in order to support and enhance all business processes that create 
and/oruse product and process data.' [RPDM03} 
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Where Helms also notes that: 
o such a discipline can be typically found in one-of-a-kind or engineering-to-order 

production companies; 
o and that product and process related data involves content information, relationship 

information, and lifecycle information concerning the object types product, activity, 
resource, and document.[Breuls, 1996] 

Different levels of PDM functions (which will be used in simulation) will have to be defined to 
describe a company specific implementation of PDM functionality. The PDM functions can be 
classified in frameworks which group the different of PDM functions. Each group of functions 
can be set on a certain level. These levels will each have a different effect on the settings of 
the simulation model. A proposal for a PDM Function Model, which will be used to define the 
different PDM function levels in the RapidPDM project, is defined in [RPDM03]. 

The theoretical design model 
The research focuses on modelling the non-physical activities of product development within 
an engineering-to-order environment. A lot of research has been performed on product 
development and design methodologies illustrating how product development can be 
executed. First a definition and the characteristics of product development as used in this 
research are stated. 

"Product development is a sequence of design processes that converts 
generally specified market needs or ideas into detailed information for 
satisfactory manufacturable products, through the application of scientific, 
technical and creative principles, acknowledging the requirements set by 
succeeding life-cycle processes." 

Product development in an engineering-to-order situation can furthermore be characterised 
by the complexity, the uncertainty, and the iterative nature of the design activities 
[Muntslag, 1993]: 
• It is complex because of the (large) number of activities necessary to describe the 

complex products. 
• Uncertain because of the innovative nature of the custom-build products or to customer 

specifications adjusted products. 
• Iterative because the product information is usually obtained through a number of 

iterations or review cycles. 

The following design models are used to structure the sequence of phases in product 
development. 

1 . Prescriptive models, that characterise a defined set of product development activities in 
an appropriate pattern, suggesting a systematic approach with general working stages all 
with measurable results; 

2. Artefact models, that prescribe the design process by determining the product 
descriptions of the artefact being designed. 

From these design models the different information domains of the design problem are 
derived. The domains represent the different product models, which capture the product 
information necessary in the design process: 

o Specification; clarify and define the task. 
o Functional-uomain; determine functions and their structures. 
o Technology domain; search for solution principles and their combinations, divide into 

realisable modules. 
o Physical domain; develop a layout of key modules, complete overall layout, prepare 

production and operating instructions. 
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The theoretical design model that will be used in this research corresponds to the design 
model defined above. This theoretical design model will be compared to the practical 
situation at Philips PTE. 

Case study Philips PTE 
In the case study at Philips PTE a high level data flow model of the project information flows, 
the Technical Product Documentation (TPD) flows and the activities that create, use or 
change these flows, is made using the IDEFO modelling technique. 

The following architecture is used to organise the different activities within the process, 
resulting in a hierarchical model. The three main processes with belonging activities are 
defined as followed: 

□ Managing process: activities managing the executing process. 
□ Executing process: all primary activities. 
□ Supporting process: activities supporting the executing process. 

The design activities in the architecture mentioned above can be grouped into several 
phases. Within a project, milestones are defined to indicate when certain phases or domains 
are completed. These milestones are used to control of the progress of a project. 

The final design model 
The phases and milestones identified in the case study at Philips PTE have certain 
similarities with the theoretical design models. The product information created by the 
activities can be arranged into the different representations of the product information (from 
quotation to detailed design). By mapping these representations on the theoretical design 
models, a final design model as used in this research is derived. The final design model is 
shown in the figure below. 

AUTHOR 

ROB VAN DEN ELZEN 

Quotation Domain 

Functional Domain Technology Domain Physical Domain 
~ Mappin~ 

adopted from: [Erens, 1996) 

The final design model 

27-08-99 PAGE 

V 



_T_AB_L_Eo_F_C_o_N_TE_N_rs _________________________ Rapid,aj 

The generic process model 
The generic process model is based upon the concept that product development consists of 
a workflow of (non-physical) engineering activities, which create a flow of documents that 
describe the product. The information specifying the product can be classified into the 
domains defined in the final design model. 

The following subjects are discussed as to describe the generic process model: 
1 . Engineering activities generate a flow of documents that describe the product. 
2. The product structure and the domain relationships determine the precedence rules, 

which in turn determine the flow of documents. 
3. Process model inputs are defined as variables, which determine the product development 

process characteristics. 
4. Process model outputs are used to measure the performance of the product development 

process. 

This description will be used as a foundation for the development of the simulation model 
architecture and the data model. 

1. Flow of documents 
Modelling the flow of documents starts with the decomposition of the product that has to be 
specified by the documents. The final product, the components, the sub-components and the 
parts are the elements of the product structure of a product. The following assumptions are 
used to describe the flow of documents: 

□ An engineering view on the product structure can be used to model the hierarchical 
structure of the elements in the product models of the different domains. These domains 
are defined in the final design model. As shown in the figure below. To reduce the 
complexity of the generic process model it is assumed that each element of a product 
model is described by one (composite) document. 

Quotation Requirement 
Domain Domain 

The product structure and the product models of the domains 

□ A specific discipline is responsible for each element of the product structure. The 
disciplines, as distinguished in this generic process model, are the Mechanical (M), 
Electrical (E) and Software (S) disciplines. The discipline and the domain of an element 
determine the document type of the document that describes the element. The document 
types in the generic process model are shown below?. 
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~ 
Quotation 

Domain 

Requirements 
Domain 

Physical Domain 

Technology Domain 

Functional Domain Adopted from [Erens, 1996) 

Overview of the document types and domains in the generic process model 

□ Every document type has a lifecycle in which the document is specified by a number of 
sequential activities resulting in increasing status levels. Every document type has a 
document lifecycle. This lifecycle contains the sequential activities and sub-activities, 
which are performed by specific engineers. The activities increase the status of a 
document or reject a document triggering an iterative loop. Thus statuses are used to 
monitor the progress of a document (see figure). 

I : 

Identified Released for Released for Released for Released for Released for 
Review Approval Realisation Final release Production 

The activities in a document lifecycle 

□ Engineers perform the engineering activities that specify a document. Engineers have the 
required skill and are of a specific discipline. 

2. Precedence rules 
The status of a specific document can be used to trigger other documents in the product 
development process. The concurrency of the document flow and the iterative nature of the 
product development process are determined by the used precedence rules and change 
procedures. The settings of these principles are determined by the specific situation and are 
input variables of the model. 

3. Input variables 
The lead-time and quality settings of the activities are determined by the settings of the input 
variables of the product development process. The precedence rules and the used change 
procedure can also be set in he input variables of the generic simulation model. 
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4. Output variables 
The outputs of the generic process model are the time, costs and quality of a product 
development project. This performance can be visualised and quantified with a simulation 
run. A combination of the time and quality values at certain milestones of the process can be 
used to visualise the progress of a project as the number of (required) changes in the future. 

The simulation model 
The generic process model can be translated in a simulation model using the ExSpect 
simulation application. ExSpect satisfies all set requirements for the simulation model. The 
simulation model will use the input and output variables as defined in the generic process 
model. Thus, in the simulation environment three variables are identified: the input variables 
of the model, the output variables of the model and the business type variables. The black 
box model of the simulation model is shown below. 

Business type variables 

Output variables 

The black box model 

The simulation model has to keep a lot of data to be able to control the modelled engineering 
processes, for instance, data about engineers, documents and products. A data model of the 
simulation model has been developed which structures the main data classes required in 
simulation. The data model encloses all data classes and their relationships. It can be used 
to generate a database with tables containing the process input information. 

The initial state for the different simulation runs can be calculated for the set PDM 
functionality levels and the engineering process characteristics levels for a specific business 
type. This initial state can be used for the actual simulation of the product development 
process. The effect of the PDM function and engineering process characteristic levels on the 
performance of the product development process can now be visualised by comparing the 
different outputs of the simulation runs. Thus, the simulation model is able to execute the 
engineering processes and calculate the performance of the product development process 
as described in the generic process model. 

Conclusions and recommendations 
The used principles, the assumptions and the initial settings of the input variables in the 
generic process model will have to be validated before the model can be used as a tool in 
the RapidPDM project. The model can be validated by using the model in practice at the 
case companies within the RapidPDM project. As mentioned in the framework of this 
research, this validation phase is not part of this research. However, in the recommendations 
the possible subjects for future research will be discussed. 
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CHAPTER 1. INTRODUCTION 

This graduation assignment was carried out for the Institute for Business 
Engineering and Technology Application (BETA) as partner in the ESPRIT 
project 'RapidPDM'. This introduction provides the reader with a profile of the 
RapidPDM project, the BETA institute and the case study company Philips 
Production Technology & Engineering (PTE). 

1. 1. The RapidPDM project 
One of the most significant positive effects on product and process development is the 
application of data management techniques [Cheng, Tsao, 1998]. Of these techniques, 
Product Data Management is best known. Product Data Management (PDM) systems 
manage and support the flow of product and process related data during the entire product 
life cycle. How the PDM functionality of these systems can be implemented in an efficient 
way is the subject of this project. The ultimate goal of the project is to reduce the costs, time, 
risk and effort of PDM implementation and to make the benefits available to European 
enterprises, particularly Small Medium Enterprises (SME). The RapidPDM project focuses on 
engineering-to-order companies in the discrete manufacturing (both mechanical and 
electrical) industry. 

1. 1. 1. Industrial problems 
Challenges for product development have changed due to increased competition and 
changes in customer behaviour. These changes have led to increased demands for the 
product, in terms of high functionality, timely introduction, low cost and high quality 
[de Graaf, 1996]. These changes also signify that products have become increasingly 
customer specific. Product and process specifications have to flow synchronously with 
customer orders. Product Data Management systems are designed to support this flow by 
managing all types of product and process related data. PDM vendors, CAD vendors and 
independent Systems Integrators now offer an expanding range of electronic PDM systems. 
But the market is still not mature and implementation of a PDM system in an ( engineering-to
order) organisation takes considerable time and effort for customisation and configuration of 
the package and for engineering process redesign. These high implementation costs create 
a significant barrier for enterprises, especially SMEs, considering investing in PDM. One of 
the barriers for fast implementation is the need to focus on the process aspect of product 
development. Engineers however have an product/task-oriented view of design and it 
appears difficult to involve them in the process re-design effort. 

1. 1. 2. Scope of the RapidPDM project 
The RapidPDM project aims to develop a generic PDM implementation methodology that is 
supported with a set of computer-based tools. The objectives of the project are to [RPDM01 ]: 

• Develop a generic simulation model of the engineering process that visualises the effects 
of alternative PDM functions and process structures, in order to raise awareness of both 
management and engineers. 

• Develop tools to detail the generic simulation model so that they represent the current 
processes in the specific SME, in order to assess the potential for improvement. 

• Develop tools to analyse the performance and Return on Investment (ROI) of alternative 
PDM-pacl<ages in alternative business process designs in order to support the PDM 
selection and implementation planning process. 

• Make the methodology available to the manufacturing industry through workbooks, 
courses and educational materials. 

• Make the tools available to the market via PDM vendors and consultants. 
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The project will deliver methods that structure the PDM implementation process in 
manageable parts and will provide tools to control the process in time. It will develop a model 
of the PDM-effects on product development that visualises the contribution of PDM-functions 
and thus provides the people involved with a common view on the impact of PDM and their 
role in the processes. This research will deal with the first two objectives of the RapidPDM 
project. 

1. 1. 3. Approach of the RapidPDM project 
The approach of the RapidPDM project is to [RPDM01 ]: 

• Analyse the PDM implementation process in a number of target businesses. 

• Develop an executable model of the product development process that allows the 
incorporation of the effects of PDM functionality on product development performance. 

• Develop a methodology that uses the model to visualise the effects of PDM and process 
re-engineering in order to obtain early user involvement. 

• Validate the methodology and the tools in two or more cases, in order to test the 
improvements. 

• Develop dissemination materials, including a CD-ROM based workbook and educational 
courses. 

Ideally the implementation process of PDM follows the BPR-derived approach along 
the following phases (see Figure 1 ). These phases are the basis for the RapidPDM 
implementation methodology. 

Awareness 

,----~ 

lmplementatio~ 
Launch 

Figure 1: Phases of PDM implementation [CIMdata] 

Every phase can be defined as a set of activities that have to be performed before starting 
the next phase: 

1. Awareness: The management of the company gets acquainted with the objectives, the 
philosophy and the functions of PDM and become aware of the potential benefits of PDM 
for their business. 

2. Readiness: The current organisation is assessed on practices and performance 
compared to potentials. The business drivers are defined and the relevant bottlenecks 
are identified. 

3. Implementation Preparation: The process is modelled, analysed and re-engineered, 
using specific PDM-functions. The functional requirements for the PDM-system are 
defined. A shortlist of typically 3 packages is made. By demonstrating these packages in 
a prototype representing critical requirements of the organisation, one package is 
selected. An implementation plan is derived from the prototype demonstration. 

4. Implementation Launch: A restricted subset of functionality is implemented in a 
selected part of the organisation. This implies education and training of users, 
customising and configuring the PDM-package, installing new hardware, installing the 
software, converting existing data etceteras. 
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5. Monitoring: The performance o~ the product development process is monitored and 
evaluated against newly defined performance criteria. New bottlenecks are selected and 
new re-engineering steps are initiated to improve product life cycle performance. This 
may include adding new users to the system, adding new functionality and installing new 
releases of the PDM-software. New implementation projects are prepared, so that step 4 
and 5 are actually executed in an iterative way. 

The RapidPDM project focuses on the first three phases of implementation. In these phases 
most of the business process modelling and analysis activities are performed. The reason for 
focusing on these phases is derived from an established rule within product development; 
every change in scope or design that is made up front will cost much less than a change in 
the actual implementation. 

For every phase, tools will be developed which support the modelling process by simulation 
of the models, enabling comparison of the current situation with possible future process 
structures. Thus the tools will stimulate communication between engineers, managers, 
consultants, software vendors and system implementers. They will increase their mutual 
understanding and make the implementation process faster and more effective. The tools will 
also help bring the engineering process in the target companies from a creative ad hoc flow 
to a more formal and better-controlled flow. 

Figure 2 shows the tools and their relationships in the defined implementation PDM 
implementation phases. This assignment will focus on the development of the process 
modelling tools marked in Figure 2. 

Figure 2: Implementation methodology and tools 

The development of the tools is structured in work-packages. Each participant of the 
RapidPDM project is responsible for the deliverables of a work-package. The RapidPDM 
project case companies will be used to test and validate the tools in practice. In the project 
plan of the RapidPDM project all participants and the work-packages are defined [RPDM01 ]. 

The result of this project will be a tested methodology and a prototype workbench that will be 
used by PDM consultants to enable manufacturing companies to implement PDM faster and 
at a lower cost. The RapidPDM workbench couples the tools used in the defined PDM 
implementation phases. The necessary information for each tool is stored in reference 
libraries and product databases (see Figure 3). 
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C ___ A_w_ar_e_ne_s __ ::> C ___ R_e_a_d_in_es ___ ::> C}_mplementation preparation =::::> 

RapidPDM Workbench 

ref-lb p1-clb • • • • • pn-clb 

Figure 3: The RapidPDM workbench 

The methodology will be documented and published on paper and in digital format. A course 
will be developed to instruct consultants to apply the methodology and to use the tools. 

1. 2. Institute for Business Engineering and Technology 
Application (BETA) 
This graduate assignment is carried out for the BETA institute and will support the institute in 
fulfilling the tasks necessary for its deliverables in the RapidPDM project. 

1. 2. 1. Role and qualification 
BETA will provide the technical management of the project. It will contribute on methodology, 
especially on readiness, data modelling and simulation modelling; areas in which the institute 
has broad experience in several industrial projects with companies like Fokker, Oce, Philips, 
ASM Lithography, Stork etc. BETA will disseminate the results in the handbook and in 
several scientific publications based on the results of this project. 

1. 2. 2. Organisation 
The Institute for Business Engineering and Technology Application (BETA) is a joint venture 
between the Eindhoven University of Technology and the University of Twente. The first is 
the managing partner. The purpose of the institute is to co-ordinate the research activities of 
several departments of both universities active in the areas of business engineering. As part 
of its structure, BETA has identified selected areas of research. Two of these areas are 
Workflow Management and Innovation. 

The primary involvement in this project will come from the Eindhoven University of 
Technology, faculty of Technology Management, section Information & Technology. This 
section is and has been partner or co-ordinating partner in several ESPRIT, Brite-Euram and 
COMETT projects. It has published several dissertation and books in this area. Engineering 
Data Management is one of the current research themes. In addition, the faculty of Computer 
Science, which also is a member of BETA, will contribute their knowledge in the areas of 
process simulation and animation. This section has significant experience in information 
systems design and in business process modelling and analysis. 
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1. 3. Philips Production Technology & Engineering 
Philips Production Technology and Engineering (PTE) is the case study company in this 
graduate assignment. The goal of the case study is to create an understanding of the 
activities and data flows within an engineering-to-order environment. These data flows and 
activities are modelled using the IDEFO modelling technique. This process model will be 
used as a practical contribution to the development of the generic process model of the 
product development process. 

1. 3. 1. Company profile 
Philips PTE is a department of the Business Group Display Components. The activities are 
focused on the engineering of industrial equipment for the production line of picture tubes for 
monitors and televisions. The activities can be split into three main groups: 

• Improvement (25%); is responsible for spotting and analysing of problems at the 
International Production Centres (IPC's). This group is also responsible for the System 
Integration and Standardisation (Sl&S), system integration in PTE projects and 
standardisation policy. 

• Industrial/Type (50%); is responsible for the industrial projects, e.g. new factories and 
conversion of existing production lines. The production lines developed in these projects 
exist of several machines each with a specific function. The projects contain new product 
development activities and re-engineering activities of already developed equipment. 

• Technology (25%); is responsible for new technology activities. 

The three groups use resources that are mainly provided by the Philips PTE sections. These 
sections function as independent departments each with their own specialisation in the 
design or building of industrial equipment. Because Philips PTE functions as an independent 
company, the departments Purchasing, Quality Management, Personnel, Finance and 
Documentation Automation & Facilities (DA&F) provide the necessary support. 

1. 3. 2. Process model 
The case study focuses on the activities and information flows within the Industrial/Type 
projects. During the case study the focus was narrowed down to project information flows 
and technical product documentation flows within the Industrial/Type projects and the 
activities that create, use or change these flows. Using the IDEFO modelling technique an 
AS-IS process model is made. The activities thus modelled take up fifty percent of the 
resources and enclose almost all activities within Philips PTE. 

The information necessary for developing the model is gathered by: 
• use of quality procedure manuals and organisation reports; 
• interviews, those interviewed represent a cross section of the organisation; 
• feedback session with all participants; an open discussion with more than one concerned 

party creating a mutual bases for further modelling; 
• follow-up interviews where necessary. 

The model will provide a view of the high-level data flows within an Industrial/Type project 
and will be used as a reference model for the development of a generic process model of 
product development processes. In Chapter 4 theoretic design models will be confronted with 
this practical situation. For the development of the generic process model several 
assumptions will be made in Chapter 5 that are based on findings in this case study. 
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CHAPTER 2. THE GRADUATE ASSIGNMENT 

This chapter will deal with the research problem, the research objective, the 
research questions and the research design of the graduate assignment. The 
relationship between the research framework and the phases in this graduate 
assignment will be elaborated. 

2. 1. The problem statement 
Most companies are aware of PDM and what the positive effect on their engineering 
processes can be because it is easy to understand the general positive effects of PDM 
implementation. It is difficult however to quantify the effects of implementation of the different 
PDM functions of specific PDM packages on the product development process within a 
specific company. Therefore, justification of the considerable investments in PDM 
implementation, with a return on investment analysis is difficult. 

Another problem is that engineers are focused on the technical aspects of the product and 
have no clear image of the product data flow process (as supported by the PDM-system). 
Therefore, it is very difficult for them to recognise the precise effects of process changes in 
their particular situation. For the same reason it is difficult to involve them in the re-design 
process. Their involvement often starts after the system has been implemented. This can 
cause expensive changes in the customisation of software, in the configuration of the system 
and in the engineering process design after implementation [RPDM01]. 

It can be concluded that there is a need for a tool that is able to visualise and quantify the 
effects of PDM implementation in concurrence with engineering process characteristics on 
the performance of product development processes. The engineering process 
characteristics reflect the maturity of the engineering process, which can be upgraded 
through process re-design. By demonstrating different situations this tool will provide the 
management and the potential users, e.g. engineers, with a common view on the dynamic 
behaviour of the engineering process, so that the decisions in the implementation process 
can be taken faster and with reduced risk. 

2. 2. The research objective and questions 
From the problem statement the following research objective can be formulated: 

Develop a generic simulation model of product development processes that will be 
able to visualise the effect of Product Data Management functionality and 
engineering process characteristics on the performance of product development 
processes in the quantifiable terms of time, costs and quality. 

The research objective results in the following research questions: 

3. What main characteristics of product development processes can be distinguished in 
theory and in practise and how can these be modelled into a generic process model? 

4. How can we translate the generic process model into a simulation model that will be able 
to visualise and quantify the effect of PDM implementation and engineering process 
characteristics on the performance of product development processes? 
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The simulation model will be used in the first three phases of PDM implementation as shown 
in Figure 2 of the Introduction. In the awareness phase a generic model visualises the effect 
of PDM implementation. In the readiness phase a partial model will support the assessment 
of engineering process characteristics and PDM function levels. Finally, a particular model 
will be used in the implementation preparation phase, supporting process re-design 
decisions and PDM package choice for a particular company. 

The generic process model must be defined in such a way that it can be used as a basis for 
a simulation model. Thus a formal description of the engineering processes is necessary. 

2. 3. The research methodology and design 
The research methodology consists of four phases (see Figure 4a); 
□ preliminary research, 
□ conceptual modelling, 
□ simulation design, 
□ analysis and validation of the research assumptions. 

Together with the two main topics, simulation and process modelling, the phases form the 
basis for a framework of deliverables of the dynamic process modelling in the RapidPDM 
project. The deliverables in the first three phases of the framework enclose the research 
objective of this assignment. The last phase, analysis and validation of research 
assumptions, enables a regulatory cycle within the research and gives cause for further work 
on process modelling and the modelling of the simulation inputs, the process characteristics 
and PDM function levels 

Define PDP 
characteristics and 
identify the PDM 

functionality benefits 

Develop a generic 
process model 

Develop the simulation 
model and introduce 

Simulate case 
company situations 

and analyse simulation 
input and output 

Simulation 

Process 
modelling 

Preliminary research Conceptual modelling 

\ 
\ 

\ 
\ 
\ 

\ 

' ' ' \ 
' ' • \ Stage 1 Orientation ', 

~ -literature study on PDM • 
and PDP simulation 
-selection of modelling 
tool 

(4a) ' 

Stage 2 Design 

-case study Philips PTE 
-development of generic process model 
-deliver simulation model specifications 

The graduate study 

(4b) 

' ' ' ' ' • 
• Stage 3 Report 

-write master thesis 

Figure 4: The research framework and the stages of the graduate study. 

• 

The research..(!esign of the assignment is defined by three stages, the orientation stage the 
design stage and the report stage. In figure 4b these stages, the relationship with the 
research framework and the actions taken in each stage are shown. 
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2. 4. Narrowing the assignment scope 
The RapidPDM tools aim on supporting implementation of PDM systems in Small and 
Medium Enterprises (SMEs). The project definition of SMEs, the importance of SMEs and 
the target of the RapidPDM tools to a subset of SMEs in terms of product & market, growth 
characteristics and business process are part of the RapidPDM project deliverable SME 
Engineering Processes [RPDM02]. The targeted business process in this research is 
engineering-to-order production in the discrete manufacturing (both mechanical and 
electrical) industry. This focus determines the range of activities within product development 
that are within the scope of this research. 

2. 4. 1. Product development in an engineering-to-order situation 
The effects of PDM are mainly in the dynamic behaviour (iterations, review cycles) of the 
engineering process [RPDM01]. Therefore this research will focus on the development of a 
dynamic engineering process model of product development in an engineering-to-order 
environment. In this environment the process model should be able to represent different 
types of industry such as mechanical or electrical. In research performed by Muntslag two 
specific topics are identified which further specify the engineering-to-order environment 
[Muntslag, 1993]; 

• Engineering-to-order production and 
• Customer order driven engineering. 

Muntslag splits up the engineering-to-order production activities into two major stages of 
activities: a non-physical stage and a physical stage. The activities in the non-physical stage 
can be referred to as the customer order driven engineering activities and are defined as: 

'The non-physical activities associated with a customer order between the time 
of arrival of a request for quotation from a potential customer and the time of 
delivery of the product specifications in the form of drawings, bi/ls-of-materials 
and the production instructions which are required for the physical production 
process.' 

The range of activities in the scope of this research can be defined by the non-physical 
activities mentioned above with the explicit mentioning of the interaction between activities in 
the physical and non-physical phase of the product development process. Engineering 
changes that occur in the non-physical or physical phase can lead to dissimilar 
consequences [Huang, Mak, 1999]. If we define the product specifications required for the 
physical production process as the required documents for production, the following 
definition of the activities in the scope of this research is realised: 

The non-physical activities associated with a customer order between the time 
of arrival of a request for quotation from a potential customer and the time of 
delivery of the required documents for production, including non-physical 
actions triggered in the (latter) physical phase. 

A wide range of engineering-to-order production companies has activities that fit in this 
description. This calls for a more precise identification and description of companies in the 
scope of this research. 

Within customer order driven engineering Wortmann uses different types of controlling 
systems to classify different types of customer order driven engineering processes 
[Wortmann, 1989]. Wortmann makes a distinction between a product-oriented customisation 
shop and a capability-oriented engineering company, which are both within the scope of this 
research. 
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The distinction is based upon the degree of customer order independent engineering: 
• A customisation shop has invested heavily in engineering, independent of customer 

orders but open to changes due to customer specific requirements. 
• The engineering company invests more in resource capacity, which is more functional 

and universally applicable. It allows the acceptance of orders for a wide range of custom 
build products. 

The PDM functions of which the effect on performance of the engineering processes will be 
measured are explained in Chapter 3. In Chapter 4 the product development models and 
methods derived from research on this topic and the Philips PTE case study will be 
elaborated. The activities defined above will be mapped on these models and methods 
creating a basis for a generic process model in Chapter 5. 
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CHAPTER 3. PRODUCT DATA MANAGEMENT 

The RapidPDM project aims to support the implementation of PDM in the 
engineering-to-order companies defined in the previous chapters. Before 
going into the development of a generic process model of the engineering 
processes, the concept PDM and PDM functions will be elaborated. A 
complete research on existing PDM definitions, PDM function frameworks in 
literature and the PDM definition and PDM function model as used in the 
RapidPDM project has been performed by Helms [RPDM03]. In this chapter a 
range of definitions of PDM will be mentioned and a preliminary literature 
study on PDM functionality and its influence on the engineering processes will 
be elaborated. 

3.1. What is PDM? 
Product Data Management goes by several names. Engineering Data Management (EDM), 
Product Information Management (PIM), Technical Document Management (TOM) and 
Engineering Management System (EMS) are examples of the synonyms for PDM. Some 
definitions of PDM and goals of PDM that have been reported in literature are: 

□ PDM according to CIMdata: 

'Product Data Management (PDM) is a tool that helps engineers and others 
manage both data and the product development process. PDM systems keep 
track of the masses of data and information required to design, manufacture or 
build and, then support and maintain products'. [CIMdata, 1995] 

□ Engineering Data Management (EDM) according to McIntosh: 

The systematic planning, management and control of all the engineering data 
to adequately document from its inception, development, test, and 
manufacture, through its ultimate demise '. [McIntosh, 1995] 

□ PDM according to Miller: 
'PDM is a technology used to manage: 
• all product related information: any information that describes the product including 

information such as part information, configurations, documents, CAD files, 
authorisation information, etceteras. 

• all processes related to the product: both definition and management of the 
processes including authorisation and distribution information.' 

[Miller, 1996] 

□ Sackett sees the goals of PDM as a combination of different definitions of PDM 
[Sackett, 1998]: 
• Lifecycle product documentation: 'the systematic planning, management and control 

of all the engineering data required to adequately document a product from its 
inception, development, test and manufacture, through to its ultimate demise.' 
[McIntosh, 1995]. 

• Access and control mechanisms: 'organise, access and control product data, and 
manage the lifecyc/e of that data to meet business unit objectives.' [Brett, 1994]. 

• Engineering support: 'systems to help engineers manage both data describing 
products and the process of developing products.' [Cl Mdata, 1995]. 
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Helms uses these and other definitions of PDM to come to a definition of PDM used as the 
proposed working definition in the RapidPDM project: 

'PDM is the discipline of making the right product and process related data 
available and accessible to the right parties at the right time in the product 
lifecycle in order to support and enhance all business processes that create 
and/or use product and process data.' [RPDM03} 

Where Helms also notes that: 
□ such a discipline can be typically found in one-of-a-kind or engineering-to-order 

production companies; 
□ and that product and process related data involves content information, relationship 

information, and lifecycle information concerning the object types product, activity, 
resource, and document.[Breuls, 1996] 

The PDM functions, which incorporate the PDM discipline, have been arranged into several 
frameworks reported in literature. The next section will discuss a framework developed in a 
preliminary literature study of this research. This framework is adopted from the framework 
developed by Breuls [Breuls, 1996]. As mentioned earlier, Helms describes the complete 
range of existing frameworks and derives a PDM function model proposed as a working 
model for the RapidPDM project [RPDM01 ]. 

3. 2. A PDM functionality framework 
The existing framework developed by Breuls is adopted to enclose (all) functions of PDM. As 
shown in Figure 5 the framework exists of three main classes of PDM functionality. Within 
these classes the PDM functions can be arranged by their relationship with the objects that 
are managed. 

A UTHOR 

I 
I 

Workflow and Process Management 
• Change Management 

Object Life Cycle Management 
(using objects) 

Program/Project Management I 
Configuration Management I 

._____,~ .__I-~ .__I------.~ 

Structure Management I Object Structure Management 

• Version Control (object structure) 

Classification and Re-use I Activity Product Document Resource 
Structure Structure Structure Structure 
Control Control Control Control 

~D-at_a_v_a_ult_a_n_d_D_oc_u_m_e_nt_M_a_na_g_e_m_en_t_~I 
Object Repository Management 

(objects and object information) 

Figure 5: The PDM Framework adopted from Breuls 
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3. 2. 1. Object Repository Management 
The collection of activities aiming at an optimal storage, retrieval and maintenance of data or 
documents. These data may be stored in electronic format as well as on conventional paper 
or microfilm archives. 

Data Vault and Document Management 
Data vault management enables the retrieval of data stored in the data vault by defining 
queries on the meta-data, the information describing the information, or the full text of 
documents/files. This function thus manages the process of placing new or returning 
modified data with a 'check-in' procedure and the process of accessing information under 
PDM controlled 'check-out' procedures. Furthermore document management manages the 
process of generating, authorising, issuing, using, and maintaining documents. 

3. 2. 2. Object Structure Management 
The collection of activities aiming at managing relationships between objects. It involves 
managing the status and version of individual objects as well as the status and versions of 
object structures such as a product structure or a work breakdown structure. 

Structure Management 
Structure Management enables the modelling of the decomposition or hierarchical and non
hierarchical structures of an object (i.e. product, project, resource, or document). Examples 
of a hierarchical structure are a product structure and work breakdown structure. In the case 
of a hierarchical structure it involves relationships between objects of the same type. In the 
case of a non-hierarchical structure it involves relationships between object of the same type 
and of different types resulting in a network of linked objects. 
Structure Management enables the creation and management of versions of objects in a 
structure using user defined version procedures. Versions are marks in the evolution of an 
object during its lifecycle. Once the lifecycle of an object is marked the lifecycle data can be 
stored and viewed, including all relations in its history, enabling a 'where used'-analysis. 
Thus, the lifecycle data involves information about earlier versions of a object, who created, 
reviewed, and approved it, the reason why it has changed and so on. 
The use of Structure Management also enables a 'multiple-view' of the objects. This is the 
ability to view objects and their decomposition in different ways dependent on the context in 
which it is necessary. This has the underlying assumption that there is/are one or more 
overall model(s) that combine(s) all the views and a view can be generated by omitting 
information from this/these model(s) so that only the information relevant for a specific 
context is shown in a specific representation. 

Classification and Re-use 
Classification is the ability to group objects based on similar characteristics. A group of 
objects is called a class that is defined by meta-data. A hierarchy of classes is a 
classification structure, i.e. relationships between classes. Classification enables the retrieval 
of objects based on the meta-data defined for the class to which the object belongs. Thus 
classification makes re-use of data possible, which will avoid having to 're-invent the wheel' 
during product development. By using a class specific query a set of similar objects can be 
found quickly and efficiently in the data available. Enabling re-use can have as side effect 

· that the variety of the components can be reduced (and thus the stock of the components). 

3. 2. 3. Object Life Cycle Management 
The collection-of activities aiming at guidance and support in creating, using, changing and 
removing objects from the viewpoint of managing related information flows. 
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Workflow and Process Management 
Managing the flow of data through a company as to make the necessary data available to 
the right persons on the right time. Statuses of (data) objects have to be defined to be able 
to manage this flow. Workflow Management enables the control of the states through which 
an object progresses during its lifecycle. State transitions may trigger a workflow, which can 
result in a new version of the object involved or of related objects. Before a workflow can be 
managed the processes must be modelled as workflows that pro-actively trigger events and 
as a result update objects, configurations, relationships, and versions. Process Management 
can then support the process of planning/modelling , initiating, monitoring and controlling of 
workflows. The use of Workflow and Process Management enables Change Management. 
Change Management supports the 'what-if' or 'impact' analysis, which enable the analysis of 
the impact of changes on objects. It is closely related to Configuration Management as 
described below. 

Configuration Management 
Configuration Management is the process of controlling the system, the products, the 
processes and the related documentation. The Configuration Management efforts include 
identifying, documenting and verifying the functional and physical characteristics of an item. 
It also records the configuration of an item and will control changes to an item and the 
belonging documentation. 

Program and Project Management 
Program and Project Management enables the planning a project by allocation resources 
using the work breakdown structures. It manages the release of documentation and it tracks 
the progress of the project. 

3. 3. The influence of PDM functions 
How the PDM functions can influence the performance of the engineering processes is 
described by the PDM metrics defined by CIMdata [CIMdata, 1998]. Some of the metrics are 
listed below. 
Time related metrics: 
• Length of change cycle 
• Time-to-market for new product 
• Cycle time to progress and issue a bid 
• Cycle time-to-prototype 
• Time to access data 
Quality related metrics: 
• Total number of changes 
• No. of changes after hand-over to manufacturing 
• No. of error correcting changes 
• No. of deviations and waivers 
Cost related metrics: 
• Cost of changes 
• Scrap, inventory rates, or rework rates 

Different levels of PDM functions (which will be in simulation) will have to be defined to 
describe a company specific implementation of PDM functionality. The framework described 
in the previous section is an example of a set of PDM functions, which each can be set on a 
certain level. The function Document Management can, for example, be set on a nil, on a 
basic, on an intermediate or on an advanced level. These levels will each have a different 
effect on the settings of the simulation model. The settings will be used for simulation runs, 
which will visualise the performance of the product development process in these different 
settings. A proposal for a PDM Function Model, which can be used to define the different 
PDM function levels in the RapidPDM project, is defined in [RPDM03]. 
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CHAPTER 4. PRODUCT DEVELOPMENT: THEORY AND PRACTICE 

As described in Chapter 2, this research focuses on modelling the non
physical activities of product development within an engineering-to-order 
environment. A lot of research has been performed on product development 
and design methodologies illustrating how product development can be 
executed. This chapter will deal with some relevant design models and will 
confront these theoretic concepts on a process model from the Philips PTE 
case study. These theoretical and practical concepts will lead to a final design 
model of product development processes as used in the context of this 
research. The generic process model described in Chapter 5 will be based on 
this model. 

4. 1. Definitions of product development 
It is difficult to define one definition of product development because of the wide range in 
context and meaning in existing terminology. Product development is used synonymous to, 
for example, design and engineering design. Finkelstein and Finkelstein (1983) define 
design as: 

" ... a sequence of stages starting from the perception of a need and terminating 
in a final firm description of a particular design configuration. Each stage is in 
itself a design process and is an iterative sequence of steps." 

De Graaf accumulates this and other definitions of product development to the following 
definition. This definition will be the working definition in this research: 

"Product development is a sequence of design processes that converts 
generally specified market needs or ideas into detailed information for 
satisfactory manufacturable products, through the application of scientific, 
technical and creative principles, acknowledging the requirements set by 
succeeding life-cycle processes." 

Product development in an engineering-to-order situation can furthermore be characterised 
by the complexity, the uncertainty, and the iterative nature of the design activities 
[Muntslag, 1993): 
• It is complex because of the (large) number of activities necessary to describe the 

complex products. 
• Uncertain because of the innovative nature of the custom-build or to customer 

specifications adjusted products. 
• Iterative because the product information is usually obtained through a number of 

iterations or review cycles. 

Design models can be used to structure the sequence of phases in product development. 

4. 2. Design models 
A wide range of design models has been developed in theory. De Graaf identifies three 
classes of design models in his research; descriptive models, prescriptive models and 
management models. They provide insight in the activities and management of product 
development. 

2. DescriptivtTmodels, that picture the sequences of activities, as complex behaviours of 
human beings, for solving product development problems in terms of the underlying 
mechanisms; 
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3. Prescriptive models, that characterise a defined set of product development activities in 
an appropriate pattern, suggesting a systematic approach with general working stages all 
with measurable results; 

4. Management models, that focus on controlling product development activities. 

Erens identifies descriptive models, prescriptive models and artefact models using the 
following elements for classification of design models [Erens, 1996]: 
• the design process as a succession of actions, 
• milestones partitioning the design process, 
• descriptions defining the product evolving in the design process and 
• the human beings who execute the design. 
Thus, a fourth design model is identified. The artefact model as identified by Erens can be 
defined as: 

5. Artefact models, that prescribe the design process by determining the product 
descriptions of the artefact being designed. 

The prescriptive and artefact models will be elaborated in more detail in the following 
sections. They define a structure for the different activities of the design process, which 
specify the attributes of the objects that are designed in the design process. These two 
aspects must be incorporated in the generic process model to be able to model the dynamic 
development process as characterised above. 

4. 2. 1. Prescriptive models 
The model taken from the Society of German Engineers (VOi 2221) prescribes the design 
process of a single product (Figure 6). It describes a sequential process with possible 
iterations between successive phases. 

AUTHOR 

ROB vm DEN ELZEN 

1. Clarification of the task: the process of gathering information considering the 
requirements and constraints for the design task, resulting in a specification. 

2. Determination of functions and their structures: the process of establishing a function 
structure, searching for solution principles and then mapping the functions to solution 
principles, resulting is a function structure. 

3. Search for solution principles and their combinations: the process of determining 
which function principles can serve the functions specified and selecting those that jointly 
present the optimal solution for the specified functions, resulting in principle solutions. 

4. Division into realisable modules: the process of dividing the solution principles into 
physically realisable modules that are interconnected, resulting in a module structure. 

s. Development of layouts and key-modules: the process of engineering the solution 
principles, starting with the key modules, resulting in preliminary layouts. 

6. Completion of the overall layout: the process of completing the layouts for all 
modules, with attention for the structure of the complete product, resulting in a final layout. 

7. Preparation for production and operating instructions: the process of final ising 
instructions for the modules to obey the manufacturing restrictions, resulting in product 
documents. 

Figure 6: Prescriptive model VDI 2221 
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Pahl and Beitz suggest an approach in which the design process is subdivided into general 
working stages making the design approach transparent, rational and independent of a 
specific branch of industry [Pahl, Beitz, 1984]. It is similar to the VOi approach but includes 
four major phases. These major phases can be identified in the VOi 2221 model in Figure 6 
as well. They correspond to main phases from Pahl and Beitz (Figure 7) as followed: 

□ clarification of the task (VOi phase 1 ) 
□ conceptual design (VOi phases 2+3) 
□ embodiment design (VOi phases 4+5) 
□ detail design (VOi phases 6+ 7) 

~----.,........, 
Clarify the task 
Elaborate the specification 

a1 
~ I Specification 

~ I 
0 
~ I Identify essential problems ! I Establish function structures 
'S Search for solution principles 
::f Combine and firm up into concept variants 
: I Evaluate against technical and economic criteria 

11 
:ii I 
~ 

1 

Concept 
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I Develop preliminary layouts and form designs 
Select best preliminary layouts 
Refine and evaluate against technical and economic criteria 

< Preliminary layout )>---------► 
Optimise and complete form designs 
Check errors and cost effectiveness 
Prepare the preliminary parts lists and production documents 

Definitive layout 

Finalise details 
Complete detail drawings and production documents 
Check all documents 

Documentation 

Figure 7: Prescriptive model of Pahl and Beitz 
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Pahl and Beitz acknowledge further going iterations between phases. These iterations can 
be triggered by reviews in the phases. Information from a phase can thus be used to adapt 
the specifications or to update and improve other phases. 
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The two prescriptive models split the design process into tangible phases. The phases can 
be used as milestones in the design process. In section 4.2.3 the prescriptive models will be 
used to define an theoretical design model derived from the two theoretic design models 
treated in this research. 

4. 2. 2. Artefact models 
Artefact models prescribe the attributes of the artefact being designed. Erens identifies two 
different methods: 

□ Axiomatic design; focuses on the object (artefact) being designed and the domains in 
which the design process is executed. 

□ Quality function deployment; helps in translating the customer needs in design and 
manufacturing requirements. This is done independent of the domains. 

The Axiomatic design is of interest in this research. This design approach deals with the 
relationships between the different product models, which represent certain domains, of the 
artefact being designed. 

Nam P. Suh at the Massachusetts Institute of Technology developed the Axiomatic design 
method [Suh, 1990]. The Axiomatic design model does not split the development process in 
different phases but identifies different information domains of the design problem. The 
domains represent the different product models, which capture the product information 
necessary in the design process. The four domains identified by Albano and Suh (1992) in 
the Axiomatic design are: 

□ The Client domain, in which the customer requirements are established. 
□ The Functional domain, in which the functional requirements are established. 
□ The Physical domain, in which design parameters and applied technologies are 

established. A technology domain can be seen as part of this domain. 
□ The Process domain, which, in the context of this research, is restricted to the 

requirements for the manufacturing process. These requirements state conditions for the 
physical domain. 

The relationships between the domains are described with the Axiomatic design concepts as 
defined by Albano, Conner and Suh (1993). The elements of each product model can be 
decomposed into a hierarchical tree by iterative mapping or zigzagging between domains as 
shown in Figure 8. 

Source: [Spath, et al, 1999) 

Figure 8: Zigzagging between domains of Axiomatic design 
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This zigzagging, as shown in Figure 8, starts with the creation of high level functional 
requirements. These requirements have solutions principles, which are established in the 
belonging design parameters. When the design parameters are defined the functional 
requirements on a lower level of the hierarchy can be specified. These sub-requirements in 
turn have their belonging design parameters. This zigzagging continues until all 
requirements and design parameters have been identified and specified. The possible 
relationships between the functional requirements (FR) in the functional domain and the 
solution principles (DP) in the physical domain are defined with the independence axiom of 
Axiomatic design. This relation can be expressed in the form of a matrix equation: 

{FR} = [A] {DP}, 

where [A] is the design matrix which represents the dependencies between two domains on 
a specific level. In the context of the Axiomatic design model a design solution is acceptable 
when the functional requirements on a specific level are independent of each other. The 
independence of the functions of the elements in the hierarchy of a product model is an 
interesting principle that will be referred to in the development of the generic model in the 
next chapter. 

4. 2. 3. The design model derived from theory 
A theoretical design model will be derived from the two design models elaborated above 
using the design model described in [Erens, 1996]. Erens identifies domains in design using 
a similar classification as used in the Axiomatic design model but then concentrated on the 
prescriptive models. Erens argues that the phases in the prescriptive models correspond 
with the specification and three domains he acknowledges in his work. The specification can 
not be attributed to one specific domain, because they provide a description of the product 
covering all three domains. Erens defines the specifications and domains as: 

□ Specification; clarify and define the task. The specifications correspond with the Client 
domain of the Axiomatic design model. 

□ Functional domain; determine functions and their structures. Similar to the Functional 
domain in the Axiomatic design model. 

□ Technology domain; search for solution principles and their combinations, divide into 
realisable modules. This domain can be seen as part of the Physical domain of the 
Axiomatic design model. 

□ Physical domain; develop a layout of key modules, complete overall layout, prepare 
production and operating instructions. This domain partially corresponds with the 
Physical domain and Process domain of the Axiomatic design model. In the Axiomatic 
design model the product model of Process domain however further concentrates on the 
way to manufacture the physical product. 

The theoretical design model that will be used in this research corresponds to the design 
model defined above. This theoretical design model will be compared to the practical 
situation at Philips PTE that is described in section 4.3. 

Summarising, the product information created by the product development activities can be 
structured into domains, which represent the different product models in the product 
development process. 
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4. 3. Product development in practice: a case study 
In the case study the product development process of Philips PTE has been modelled. 
Before starting at any model, it is important to determine the model's orientation. This 
concept guides and constrains the creation of a model. It may be refined as authoring 
proceeds, but it must be consistent throughout a model if the orientation is to remain clear 
and undistorted [FIPS PUBS, 1993]. As described in the Introduction a high level data flow 
model of project information flows, Technical Product Documentation (TPD) flows and the 
activities that create, use or change these flows, is made using the IDEFO modelling 
technique. In Appendix A the IDEFO modelling technique is elaborated. Appendix B contains 
the final IDEFO model, the IDEFO node trees and the definitions of the used activities and 
arrows. In this section the thus identified phases and milestones are described and 
compared with the theoretic concepts of the previous section. 

4. 3. 1. Modelling architecture and main process activities 
In the case study a modelling architecture is used which defines the main processes in the 
product development process of Philips PTE. The use of this architecture helps organise the 
different activities within the process, resulting in a hierarchical and more comprehensive 
model. The three main processes with belonging activities are defined as followed: 

□ Managing process: activities managing the executing process. Encloses project 
preparation, including quotation activities, and project control. 

□ Executing process: all primary activities. Encloses the designing, archiving, building and 
installing activities in a project. 

□ Supporting process: activities supporting the executing process. Encloses the 
registration and analysis of deviations in design and the administration of code numbers. 
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Figure 9: Node tree on IDEFO level A-0, the main processes 

The hierarchical nature of IDEFO modelling is indicated in Figure 9. It shows the node tree at 
the highest IDEFO level (A-0) with the belonging sub-activities. The design activities, part of 
design (A2.1 ), are the main focus of this research. Some of the non-physical activities within 
the executing process and the other main processes however fall under the scope of this 
research as well. The activities within the scope of this research, as defined in Chapter 1, 
are listed below with the level code and description. A detailed list of the activities is 
enclosed in Appendix B: the definitions of the activities. 
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Manage Project (1 ): the preparation and control of a project. 
□ Project Preparation (A 1.1 ): preparation activities of a project. 

• Make Main Outlines (A 1 .1.1 ): after a request for inquiry from a customer the Main 
Outlines (MO) for a project are defined. 

• Make provisional equipment list (A 1.1.2): a project leader makes a provisional 
equipment list, defining all equipment (e.g. machines) to be developed in a 
project, using the MO of a project. 

• Specify delivery date and price (A 1.1.3): the quotation activities. A provisional 
equipment list is further defined in equipment list lines. These lines give a global 
description of the equipment (e.g. machine) with agreed price and due date. 

□ Project Control (A 1.2): control activities on project level. 
• Release Sales Order (A 1.2.2): project leader releases an internal sales order, 

starting the engineering activities. 
• Process Change Request (A 1.2.3): processing all change requests (internal and 

external). The appropriate notification forms are released. 
• Project Progress Control (A 1.2.4): monitoring the project progress using defined 

milestones and due dates. Control information is sent to the executing process 
for project progress control. 

Execute Project (2): execution of the project, all primary activities. 
□ Design (2.1 ): the design process. 

• Accept & Plan Activities (A2.1.1 ): this activity involves a number of meetings and 
planning decisions. The result is the planning of the design and global production 
activities in a machine development plan (MOP). An internal sales order can be 
rejected or can trigger engineering activities. Checklists returned from the design 
phases are used to report progress enabling project control activities. 

• Make Main Outlines Machine (MOM) (A2.1.3): defining the main outlines per 
machine. The project leader and the customer must approve these MOMs. 

• Design processes (A2.1.5): the design activities (see Figure 10). 
► Make FSM (A2.1.5.1 ): the Functional Specification of a Machine. Activity 

has the MOM as input. Documentation request forms can be used to 
acquire Technical Product Documentation {TPD) for re-use. A chief 
designer (CD) is authorised to perform the activity. 

► Make DSM {A2.1.5.2): the Design Specification of a Machine. The FSM is 
input of this activity. If necessary, a FSM change request form can be used 
to change the FSM. With a documentation request form, TPD for re-use 
can be obtained. A chief designer (CD) is authorised to perform the activity. 

► Make Detailed Design (A2.1.5.3): completing the detailed design of the 
TPD. Review activities are included. If necessary, change request forms 
can be used to change the FSM. With a documentation request form, TPD 
for re-use can be obtained. Documentation request forms are released 
according to the planning, which will trigger the reproduction of TPD for the 
physical activities. A designer is authorised to perform the activity. 

► Put Design Out to Contract (A2.1.5.4): activities necessary for putting 
design out to contract. 

► Control and Archive Documentation {A2.1.5.5): control TPD formally on 
completeness, use of correct code numbers and versions. The TPD will be 
archived after if it is approved. 

□ Search and Reproduce Documentation (A2.2): reproduction of TPD for physical 
activities and for re-use in design activities. 

Support Project (A3): activities supporting the executing activities. 
□ Change Management Processes after release of documentation (RAAD) (A3.1 ): the 

registration and analysis of deviations in design. Deviations in design encountered in 
the physical activities are registered and the engineer that is responsible for the design 
is triggered by a change procedure to correct these deviations if necessary. 
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Figure 10: The design activities on IDEFO level A2.1.5 

4. 3. 2. Identified phases and milestones 
The design activities mentioned in the previous section can be grouped into several phases. 
Within an Industrial/Type project milestones are defined to indicate when certain phases or 
domains are completed. These milestones can be used for the control of the progress of a 
project. In Appendix C the activities on the lowest IDEF0 level are listed per department in a 
GANTT chart. The activities are connected by their time-oriented relationships, giving an 
overall time phased view of a project. The milestone bars give an indication of which 
milestones are used on Philips PTE and Philips PTE section level. The milestones on Philips 
PTE level are used to start activities on PTE section level. The milestones on PTE section 
level are used to indicate the completion of certain activities on this level. The milestones 
related to the activities mentioned above are relevant for this research: 

□ Preparation Assignment (PA): preparation activities can start 
□ Development Assignment (DA): engineering activities are allowed to start, formally after 

receiving a sale order (approved quotation) from the customer. 
□ Main Outlines Machine (MOM): main outlines of a machine are finished. 
□ Functional Specifications Machine (FSM): functional specifications of a machine are 

finished. 
□ Design Specifications Machine (DSM): design specifications of a machine are finished. 
□ Design Release Machine (DAM): changes in the TPD after the realisation activities are 

processed and all user documentation can be handed over to the customer. 

The phases .and milestones identified in the case study at Philips PTE have certain 
similarities with the theoretical design models. The product information created by the 
activities can be arranged into the different representations of the TPD from quotation to 
detailed design. As a basis the preparation activities on level A 1 .1 and the design activities 
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on level A2.1 are used. On these levels the actually engineering activities, which create the 
TPD, take place. This leads to the following grouping of the product information: 

□ Quotation; the main outlines of a project and a (provisional} equipment list used for the 
quotation. 

□ The Main Outlines of a Machine (MOM); customer requirements are described per 
equipment list line. 

□ The Functional Specifications of a Machine (FSM); per equipment list line the functional 
specifications or design problems are defined. 

□ The Design Specifications of a Machine (DSM); per equipment list line the design 
specifications or solutions are defined. 

□ Detailed Design; the detailed design of equipment (per line). 

The Quotation and the MOM are closely related for they both clarify the task at hand. The 
reason for making the distinction between the quotation and the MOM is derived from 
quotation properties: 
□ Quotation deals with product development on a higher (project) level and has to be 

approved by the customer before starting the engineering activities on machine/ 
component level. 

□ The quotation information is based on previous experiences with similar projects. 
□ The accuracy of the quotation information is of great importance because it determines 

the due date and agreed price of a project. 

Some non-physical activities can not be attributed to the grouping of the product information 
mentioned above because they are, for example, control or management activities. These 
remaining activities can be allocated as followed: 

□ Control activities: 
• Release Sales Order (A 1.2.2); trigger the design process of a project. 
• Project Progress Control (A 1.2.4); monitor project progress. 
• Accept & Plan Activities (A2.1.1 ); plan and trigger the separate design activities. 

□ Change management activities: 
• Process Change Request (A 1.2.3); because of the complexity of the product 

development problems the TPD is usually obtained through a certain number of 
iterations or review cycles. Although the creation of the TPD is a sequential process, 
iterations can occur within a domain or a review cycle is triggered which can lead to 
the partial re-executing of (a set of) already completed domains. Therefore, this 
activity can have an impact on specification and all domains. 

• Change Management Processes after release of documentation (RAAD) (A3.1 ); can 
lead to the partial re-engineering of (a set of) documentation within a domain, which 
is already released for production. 

□ Documentation archiving, retrieval and reproduction activities: 
• Control and Archive Documentation (A2.1.5.5); in each domain documentation 

should be controlled and archived. 
• Search and Reproduce Documentation (A2.2); for each domain documentation can 

be retrieved for re-use. Reproduction of documentation for the realisation processes 
is the last activity after approval of the detailed design. 

These remaining activities are characteristic for the product development processes of 
Philips PTE and for product development processes in general. Furthermore they are 
enabled by the PDM functions as described in Chapter 3 and should be taken into account in 
the development of the generic process model in the next chapter. In the next section of this 
chapter a final design model of product development processes is defined which will be used 
in the context of this research. 
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4. 4. The final design model 
The theoretical and practical design models that classify the design process in certain 
product information domains are shown in Figure 11. This figure also indicates how the final 
design model is derived from these models. 

Theoretical models 
Erens and Suh 

Specification 

Functional 
Domain 

Technology 
Domain 

Physical Domain 

Practic 
Case st 

Quotation 

Main Outlines 
Machine 

Functional 
S ecifications 

s 

Figure 11: The theoretical, practical and final design model 

The domains of the final design model: 
□ Quotation domain; information necessary for quotation. The information that is created 

or that is available in this domain of the product development process is of great 
importance because it determines the due date and agreed price of a project. This 
domain is therefore adopted from the Philips PTE case study. 

□ Requirements domain; product information specifying the task according to customer 
order requirements. It affects all following domains. The theoretical design models define 
this domain and it corresponds with the MOM identified in the Philips PTE case study. 

□ Functional domain; product information describing the functional specifications per 
module or component of the product. All design models define this domain. 

□ Technology domain; product information describing the technical specifications, e.g. 
technical solutions or design parameters, per module or component of the product. This 
domain is adopted from the theoretical model and it corresponds with the Design 
Specifications identified in the case study. 

□ Physical domain; product information describing the physical requirements, e.g. 
detailed designs and manufacturing process specifications. This domain is adopted from 
the physical domain of the theoretic design model. The Detailed Design identified in the 
case study does not describe the manufacturing process specifications thus it only partly 
complies with this domain. 

The quotation information is created in response to a request for quotation from a customer. 
The specification information provides a description of the product used for all following 
domains. The creation of this information can start after approval of the quotation as defined 
in the milestones of the Philips PTE case study. The relationships between the domains can 
be defined through the iterative mapping or zigzagging between the product models of the 
domains. The relationships within a domain are determined by the hierarchical structure of 
the elements in that product model, which in turn can be related to the view on the product 
structure. This view will be the basis for modelling the flow of documents in generic process 
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model described in the next chapter. The final design model is shown in Figure 12. In this 
figure the hierarchy in the product models is based on the product structure. 

Quotation Domain 

Functional Domain Technology Domain Physical Domain 
~ Mappin~ 

adopted from : [Erens, 1996] 

Figure 12: The final design model 
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CHAPTER 5. THE GENERIC PROCESS MODEL 

The generic process model is based upon the concept that product 
development consists of a workflow of (non-physical) engineering activities, 
which create a flow of documents that describe the product. The information 
specifying the product can be structured into the domains defined in the final 
design model. This chapter will treat the following subjects: 
□ Engineering activities generate a flow of documents that describe the 

product. (§ 5.1) 
□ The product structure and the domain relationships determine the 

precedence rules, which in turn determine the flow of documents. (§ 5.2) 
□ Process model inputs are defined as variables, which determine the 

product development process characteristics. (§ 5.3) 
□ Process model outputs are used to measure the performance of the 

product development process. (§ 5.4) 
This will result in a description of the generic process model of the product 
development process. This description will be used as a foundation for the 
simulation model architecture and the data model described in Chapter 6. 

5. 1. Product development as a flow of documents 
The product development process can be seen as a flow of documents. Within an 
engineering-to-order type project this flow is an avalanche of documents created by 
engineers from different disciplines [Duimelinck, 1997] (Figure 13). 

Number of 
engineers on 
a project 

Feasibility 
study 

Document 
identification 

Document 
release 

Time 

Number of 
unreleased 

development lead lime 

documents project start production start 

Figure 13: The fish-model of an engineering-to-order project 

After a feasibility study, which can be compared with quotation activities, the engineering 
activities that create the documents necessary in product development will start. The 
documents are, for example, text files or CAD files, which contain information that describes 
the product. As documents are specified new documents are identified creating an 
'avalanche' of documents. When a document is fully specified it is released for production. 
This continues until all documents are released and the product development project is 
finished. The generic process model aims at modelling this flow of documents and the 
activities that create these documents. This is rather complicated because of the iterative 
and complex nature of product development processes. To enable the translation of the 
generic process model into a formal simulation model this complexity will have to be reduced 
by making certain research assumptions. 

Modelling the flow of documents starts with the decomposition of the product that has to be 
specified by the documents. At Philips PTE this principle is used to decompose a project into 
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the machines, the components, the sub-components and the parts. They are identified as 
equipment lines in the equipment list of a project. In the generic process model the 
equipment as used at Philips PTE will be defined as the elements of the product structure of 
a product. The following assumptions are used (see Figure 14): 
□ An engineering view on the product structure can be used to model the hierarchical 

structure of the elements in the product models of the different domains. These domains 
are defined in the final design model in section 4.4. To reduce the complexity of the 
generic process model it is assumed that each element of a product model is described 
by one (composite) document. (§ 5.1 .1) 

□ A specific discipline is responsible for each element of the product structure. The 
disciplines, as distinguished in this generic process model, are the Mechanical (M), 
Electrical (E) and Software (S) disciplines. The discipline and the domain of an element 
determine the document type of the document that describes the element. (§ 5.1.2) 

□ Every document type has a lifecycle in which the document is specified by a number of 
sequential activities resulting in increasing status levels. (§ 5.1.3) 

□ Engineers perform the engineering activities that specify a document. (§ 5.1.4) 
The following sections will discuss these assumptions. 

Product structure elements Documents Document lifecycles 

Final Product 

Components 

Sub-components 

Parts 

~',,,-----------,-1---=,......,..Ph-+-i~ca_l-'-i 
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' ', Functional 
' ' , Specification 

..,_.__...,u'-o.,..ta..,,.t1o_n _ __, ' 

.,. .,. .,. 
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Figure 14: Generic process model principles 

5. 1. 1. Product structure 
The product structure can be used to decompose the design problem (the product) into sub
problems (the elements). In the context of this research it is assumed that a certain view on 
the product structure can be used to model the hierarchical structure of the elements in the 
product models of the different domains which are defined in the final design model. This 
assumption implies that in the generic process model every product model has the same 
structure namely the chosen product structure (see Figure 15). 

Quotation Requirement 
Domain Domain 

Figure 15: The product structure and the product models of the domains 

Figure 15 shows the product models of the domains and the one-on-one relation (same 
element) of the elements. The use of one product structure for every domain will ensure the 
one-on-one relationships of the elements in the domains. Therefore the relationships 
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between the domains (interdomain) are restricted to the elements. How these relationships 
can be used to determine the flow of documents in the generic process model is a question 
that will be answered in the following sections of this thesis. 

Not just any product structure view can be chosen to represent the product models of the 
domains. Most of the existing product structures are used for the manufacturing or assembly 
of a product. The Bill of Material (BOM), for example, focuses on the physical relationships 
between elements of a product and can not be used to structure the relationships between 
the elements as required for modelling the flow of documents in product development. In the 
context of this research an engineering view of the product structure is defined which can be 
used for this purpose. Figure 16 is a simplified example of the difference between the two 
views. It shows the manufacturing and the assumed engineering view of the product 
structure of a chair. 

1 cs 1 cs 2 cs 
Underframe Seat Armrest 

1 cs 1 m 2m 
Stand Wheel Upholster 

Manufacturing product structure (BOM) 

Underframe 

Assumed engineering product structure 
Derived from: [Erens, 1996] 

Figure 16: Views of the product structure of a chair 

The engineering product structure decomposes the product into (sub-) design problems of 
the elements. The elements of this engineering product structure are described by 
documents containing all necessary information about that element. The elements of the 
engineering product structure have a parent-child relationship. The engineering view 
structures the elements of the chair in such a way that that a child has one (or more) 
parent(s). In Figure 16 a sub-component (stand) belongs to a component (underframe). This 
parent describes the interfaces between its children (the stand and the wheel). The elements 
are defined in such a way that they are functionally independent: 
□ Underframe function; provide stability and motion of chair. 

• stand function; provide stability and vertical/rotational movement, 
• wheel function; provide movement in the horizontal plain. 

□ Frame function; provide support for person. 
• seat function; provide horizontal body support 
• back function; provide vertical body support 
• armrest function; provide arm support 

□ Upholstery function; provide exterior appearance of chair. 
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A change in the function of the underframe should not effect the function of the frame. The 
principles defined in the Axiomatic design model, as described in section 4.2 of the previous 
chapter, support a similar hierarchy but then on product model level of a domain. If the 
elements are functionally independent, the relationships between the elements in one 
domain (intradomain) are restricted to the parent-child relationships between the elements. 
Thus, the use of the engineering view of the product structure to determine the product 
model of every domain will formalise the relationships between the elements of the product 
models on inter and intra domain level. It is assumed that each element of a product model 
of a domain is described by one (composite) document. Thus the restrictions mentioned 
above also apply to the relationships between the documents in the generic process model. 

Another aspect of the decomposition of a product in its elements is the distribution of the 
complexity of the product over the elements. As mentioned above, a parent specifies the 
interfaces between its children. In the context of this research it is furthermore assumed that 
the number of specifications necessary to describe the interfaces determines the complexity 
of an element. Complex interfaces between children result in a high complexity of the parent. 
On the lowest level of the product structure the complexity of the element is determined by 
the number of specifications necessary to describe that element. The complexity of an 
element will be used to determine the complexity of the documents that describe that 
element and the time necessary to specify these documents. These aspects will be 
elaborated in the following sections. 

5. 1. 2. The disciplines M, E, and S 
The generic process model should be able to represent the product development process of 
the different types of business processes targeted in this research. As determined in 
Chapter 2, both mechanical and electrical engineering-to-order production situations in the 
discrete manufacturing industry are within the scope of this research. The type of situation 
determines the type of product and therefore the discipline types that are responsible for the 
elements in the product structure. The incorporation of the disciplines mechanical, electrical 
and software in the generic process model will make it possible to reflect these different 
situations. However, the incorporation of different disciplines will have an influence on how 
the necessary specifications for an element are acquired. In the context of this research it is 
assumed that the use of different disciplines will not influence the quotation and 
requirements domain because the discipline of an element will not influence the way the 
specifications for the elements in these domains are acquired (written specifications, e.g. 
text files). However, it is assumed that the documents that describe the elements in the 
functional, the technology and the physical domain are different type documents for each of 
the disciplines. To solve this problem different document types are defined for each of the 
possible disciplines of the elements in these domains. 

Building upon the assumptions made above all documents in the generic process model can 
be characterised according to the following properties: 

□ The element in the product structure. 
□ The domain of the document. 
□ The discipline of the element. 

Thus the discipline in combination with the domain of an element determines the document 
type of the document describing that element. 

In Figure 17 these documents types are shown. Every element in this figure is described by 
a document of a certain document type. The same product structure is still used for every 
domain but in the functional, the technology and the physical domain the domain and the 
discipline of the element determine the document type describing an element. In the 
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quotation and requirements domain the discipline of an element does not influence the 
document type. 

Quotation __ _,.,.,. 
Domain _.-

Requirements 
Domain 

., ., ,,,."'' 

,. ,. 
,.,.--

Physical Domain 

Technology Domain 

Functional Domain Adopted from [Erens, 1996] 

Figure 17: Overview of the document types and domains in the generic process model 

The document types per domain are defined as: 
□ Quotation domain; according to customer requirements the quotation information is 

specified. For every element quotation documents are created. The quotation documents 
will be made before any of the other domains can start. A customer order following from 
a quotation will be used as a trigger for following domains. 

□ Requirements domain; documents specifying the task according to customer order 
requirements. The engineering product structure is used to decompose the design 
problem. For every element in the product structure specification documents are created. 
These customer requirements are necessary to start work on the functional requirements 
but will also have an impact on the other domains. 

□ Functional domain; documents containing the functional specifications per element of the 
product structure. These functional requirements are the input for the specification of the 
design parameters in the technology domain. 

□ Technology domain; documents containing the technical specifications that realise the 
functions per element of the product, e.g. design parameters. These documents are the 
input for the physical specifications in the physical domain. 

□ Physical domain; documents specifying the physical specifications or the geometry per 
element of the product structure. 

The reason for characterising different document types in, for example, the physical domain 
can be clarified by the difference in the necessary specifications per discipline; 
□ for mechanical elements the detailed designs and process specifications are specified, 
□ for electrical elements the final circuit layouts and the process/handling specifications are 

specified, 
□ for software elements the detailed programming and software integration test 

specifications are specified. 

These are physical specifications part of the physical domain but the documents describing 
these specifications are created by different activities. These activities are determined by the 
document lifecycles of the different document types. 
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Summarising, the elements of the product models of the domains are described by 
documents of a certain document type. The discipline and the domain determine the 
document type. Each document type has a different document lifecycle (workflow of 
activities), which determines the activities performed for that document type. These 
document lifecycles will be described in the next section. 

5. 1. 3. The document lifecycles 
Every document type has a specific document lifecycle in which a document is specified by a 
number of sequential activities. Statuses are introduced to be able to control the progress of 
a document in the document lifecycle. After completion of each activity the status of a 
document is updated and the document is released for the next activity in its lifecycle. 
Common engineering activities in design are identification and editing of a document 
followed by any number of release activities. Figure 18 shows an example of a document 
lifecycle. The activities and the sequence of the activities can be determined for every 
different document type. The realisation activity can, for instance, be modelled after the 
review activity or the approve activity can be left out. The number of release activities is 
arbitrary. The only restriction is that after the final release activity the document is released 
for production. The type of company that is modelled determines the document types and 
thus the setting of the activities and their sequence in the belonging document lifecycles. 

Identified Released for 
Review 

Released for 
Approval 

Released for 
Realisation 

Figure 18: A document lifecycle 

Released for Released for 
Final release Production 

In this example the activities can be described as followed. The marked activities are the 
(non-physical) engineering activities. The initiation and realisation activities are not 
performed by engineers. Initiation is a control activity, which triggers the document lifecycle. 
The activity realisation introduces change requests triggered in the physical phase of product 
development (as determined in the scope of activities in this research). It is in fact the use of 
a document in a physical activity. Examples are the production of a prototype or a realisation 
check of a document (can the functional specifications be build). Change requests can also 
be triggered by the engineering release activities. In this example the review and approve 
activities. Thus after every release activity there are two options: 
□ Promotion; the status of the document is upgraded so the document is released for the 

next activity. 
□ Rejection; errors in a document are detected so a change requests will initiate a new 

version of a document that has its own lifecycle. 
These loops or review cycles in the document lifecycle are used to model the iterative nature 
of product development processes. 

As mentioned earlier, the number of necessary specifications determines the complexity of 
an element. In this research it is assumed that the complexity of an element is divided 
among the document types, determined by the domain discipline combination, as the 
necessary specifications per document using a pre-set distribution code. For example, the 
complexity of the documents in the quotation and requirements domain will be set lower than 
the documents describing that same element in the following domains. This distribution can 
also differ per discipline of the element. 
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Initially a document is empty. In the generic process model this is expressed as all 
specifications being wrong. As a document is edited the number of errors remaining will 
decrease. The definition of complexity as the total number of specifications in a document 
and the number of errors as the number of wrong or missing specifications in a document 
can be used to assign a quality level to a document. The quality of a document at any time in 
its lifecycle can be defined as: 

O= (c- e) , 
C 

Q: quality of a document; 
c: complexity of the document; 
e: number of errors in a document. 

The quality of a document is used in the generic process model as a ground for triggering 
engineering change requests. The quality of the documents at the end of a development 
project will be used to measure the performance of the product development process. 

5. 1. 4. Engineering activities 
Engineering activities are defined as jobs in this generic process model. A job performs a 
specific activity type on a specific document with a specific status and is performed by a 
specific engineer. The activity types are for example edit, review, approve and other release 
activities. Jobs have the following properties: 
□ Jobs must be performed by engineers with a certain discipline and skill level. 
□ Jobs have a certain priority level. 
□ Jobs can be split into a number of sub-activities which each have an influence on the 

quality and lead-time of a document. They will be used to determine the total quality 
improvement of a document after a job and the total job time (which in combination with 
the assigned engineer will determine the job costs). 

Discipline and skill level of the engineer 

The discipline of the element determines the type of engineer necessary (mechanical 
engineer, electronic engineer or software engineer). The engineering activity in the 
document lifecycle will determine the necessary skill level of an engineer. For example, 
editing a document in the functional domain of a mechanical element must be performed by 
a mechanical engineer with a certain skill level. The editing of a detailed design in the 
physical domain of that same element can be performed by a mechanical engineer with a 
lower skill level. The final release of the two documents must be performed by a mechanical 
engineer with a higher skill level than the skill necessary for editing of the document. 
The choice of engineer that will be assigned to a job is influenced by three other restrictions. 
The engineer assigned to a new document version (as result of a change request) is the 
same engineer that was assigned to the original document. A different engineer than the 
engineer that edited the document performs the release job of that document. If more than 
one engineer complies with the requirements above the engineer with the smallest workload 
will be assigned to the job. 

Priority levels 
In practice an engineer will not process the assigned jobs with the first in first out rule. Some 
jobs will have a higher priority than other jobs. These priority levels are determined by the 
organisational characteristics of a company. Certain priorities are however evident. For 
example, editing a document can have a lead-time of a several weeks, while a review of a 
document, which is necessary to start work on other documents, will only take a few hours. 
The review activity in this case will interrupt the edit activity. When the review activity is 
finished the engineer will proceed with the edit activity with a certain changeover delay (or 
set-up time). A reviewing job in this case has a higher priority than an editing job. The use of 
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priorities thus introduces the concept of interrupts in the generic process model. An engineer 
will always process the jobs with the highest priority in his 'in-tray' first. The engineer will 
interrupt work on a job when a job with a higher priority arrives in his 'in-tray'. In the generic 
process model a set of standard priorities levels will be used. 

The sub-activities 
The sub-activities within a job will differ per job. A set of common sub-activities will be used 
to describe the nature of the sub-activities and what the influence of a sub-activity on the 
quality of a document and the job time will be (see Figure 19). 
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Figure 19: The sub-activities 
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• Retrieve relevant documents: the relevant documents are documents containing 
information that is necessary/available for editing the document at hand. These are 
documents from a preceding activity in the same domain, from a preceding domain or 
from the parent of the element. The retrieval time influences the job time. 

• Analyse/solve: the sub-activities analyse and solve make the necessary specifications 
for a document and will use information in the relevant documents as input. This is 
modelled as a reduction of the number of errors in a document, which results in the 
improvement of the quality of a document. Not all specifications will be identified or will 
be specified correctly by an engineer because of the innovative nature of the engineering 
activities. The complexity of the documents will determine the number of specifications 
and dependent of the 'weight' of the activity the analyse/solve time will be determined. 
This in turn will influence the job time. 

• Check: depending on its quality a document will be released for the next engineering 
activity or a change request will be generated for the document. How change request 
can be handled is discussed in section 5.2.3. The complexity of the document will in 
combination with the 'weight' of the activity determine the check time. This in turn will 
influence the job time. 

• Communication: during an engineering activity an engineer will communicate through 
meetings, by telephone or with electronic mail. In a more concurrent engineering 
situation more time will be spend on communication. The communication time influences 
the job time. 
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• Archive: documents will have to be archived at the end of an engineering activity. The 
time necessary to correctly archive a document will influence the job time. 

The time and quality settings of the sub-activities are influenced by the input variables of the 
generic process model (as defined in section 5.3). The sub-activities will be modelled as 
parameters of the jobs and thus will determine the performance of a job. The performance of 
a job will have a direct (lead-time) and an indirect (document quality versus the number of 
iterations) influence on the performance of the modelled product development process (as 
defined in 5.4). 

5. 2. Precedence rules 
The structure of the generic process model of product development processes is defined in 
the previous section. The actual order of the flow of the documents is controlled by the 
relationships between the documents. These relationships describe which documents with a 
certain status are required to start a certain activity on another document. The relationships 
are embodied in the precedence rules. The sequence of a document in its lifecycle is 
determined by basic precedence rules. A document must be edited before that document 
can be reviewed. Precedence rules also exist between domains as the interdomain (the 
one-on-one) relationships and within a domain as the intradomain (or parent-child) 
relationships. 

5. 2. 1. lnterdomain relationships 
lnterdomain relationships can be set for any combination of status and activity within the 
documents of an element. Figure 20 illustrates how relationships can be modelled using 
interdomain relationships. The rules shown are examples of the nature of the relationships. 
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Figure 20: Example of interdomain relationships in an element 

In the generic model the quotation domain precedes all other domains. The precedence 
rules shown are an example of a set of rules that can be used in the generic process model: 

1. When a requirements document has status release for approval (it has passed the 
review) the document in the functional domain is triggered. This also applies to the 
following domains. 
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2. First the requirements document of an element is checked. If the specifications are 
realisable then the functional document and so on. This precedence rule is introduced to 
avoid iterations triggered simultaneously by the realisation activities in the separate 
domains. 

3. The final release of the documents of an element is performed in a 'bottom up' manner. 
First the physical document then the technology document. The requirements can have 
a final release independent of the other domains (is frozen). This sequence is referred to 
as 'bottom up' but the actual bottom-up precedence rules are described by the 
intradomain relationships. 

5. 2. 2. lntradomain relationships 
Possible intradomain relationships between a mechanical parent element and a software 
child element are shown in Figure 21. lntradomain relationships will only exist between a 
parent and a child because the elements are assumed to be functionally independent and all 
interfaces between children are described in the parent. 
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Figure 21 : Example of intradomain relationships 
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The extinction can be made between top down and bottom up intradomain relationships: 

1. Top down relationships, when a parent document in a domain has status edited the 
document of that same domain of the child will be triggered. 

2. Bottom up relationships, before a component has its final release all its children have to 
be released for production. In the generic model this is applied to all domains except of 
course the quotation, which is completed before any other engineering activity starts. 

The top down or bottom up property of the precedence rules (inter and intra) can be used to 
make a distinction between the possible rules. In Appendix D the examples mentioned 
above are shown in three figures. The figures give an idea of how the precedence rules are 
implemented in a product structure and illustrate how important functional independence 
between elements is. Without that restriction the already complex relationships between the 
elements and the domains would turn into a chaos that would be very difficult to model. The 
three figures show the top down precedence rules, the bottom up precedence rules and all 
precedence rules. 

As mentioned above the examples show possible sets of precedence rules. The generic 
process model will identify two initial sets of rules. One as described above with a certain 
degree of concurrency the other set will model a completely sequential flow of documents. 
Thus the next domain and the children of an element will be triggered after the final release 
of a document. The setting of the precedence rules will be used as input variables 
determining the concurrency in design for specific situations. 

5. 2. 3. Engineering changes and precedence rules 
In Figures 19 and 20 the iterations in the document lifecycles are shown as well. The 
engineering change process controls these iterations. The used precedence rules have an 
impact on how the engineering change process is executed. 

The quality (or number of errors) of a document determines if a change request is triggered. 
In each release activity every error in a document has a chance of being detected. This 
chance depends on specific organisational characteristics. This chance can be related to 
levels of quality of a document. If the quality of a document is below predefined levels the 
release (e.g. review, approve and realisation) activities will reject the document. Depending 
on the quality deficiency, a document change request will be generated for the document or 
an inter/intra domain change request will be generated, which can also have an impact on 
other domains and elements (children). Thus not every found error will generate a change 
request for all related documents. Furthermore the model should be able to make a 
distinction between the elements (children) that will be influenced by a change request. The 
modularity of elements will not only determine the complexity of a parent but will also 
influence the number of children affected by a change. The use of quality levels, the chance 
of finding errors and the effect of (for example) the modularity of elements on the change 
procedure will have to be further investigated. 

An example of a change procedure will be given using the examples in this thesis. If the 
document of an element in the technology domain is rejected by the realisation activity a 
new version of the document will be identified. The edit activity will then remove the detected 
errors. Because of the 'inheritance' of errors, which is determined by the precedence rules, 
this will affecUhe document in the physical domain (which was triggered by the technology 
document after review). This document in the physical domain may have a high quality but it 
is specified with incorrect technical specifications. For the same reason the change request 
will affect the documents in the technology domain of the children of the element {which 
where triggered after the edit activity). Thus several documents will have to be specified 
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again and the flow of documents affected by the change will have to be stopped. How 
effective the change request process is performed depends on the maturity of the product 
development process and the PDM functions. Thus, in the generic process model a change 
request is processed as followed: 
• A document change request will have no further impact on other documents. A change 

order will create a new version of the document with status identified. 
• In the case of an inter/intra domain change request, all affected documents must be 

detected. The affected documents can be found using the precedence rules (which 
documents have been triggered by the changed document?). 

• Change notifications will be generated for the affected documents. The notifications will 
stop all activities on these documents. For all these documents new versions will be 
identified with status identified. 

• The change order and the change notifications will be generated with a certain delay. 
The organisational characteristics will determine how long this delay will be and thus how 
long and how many activities are performed with incorrect inputs. For example, in a 
chaotic (or ad hoc) situation the delay of the notification will be set on an infinite level and 
no change procedure notifications will be generated. 

The version of a document, which is upgraded by a change request, can also influence the 
properties of the jobs. A job performed on a higher version of a document might have a 
shorter processing time and a higher priority. The influence of the chosen change requests 
procedures on the product development process can be defined by the process model inputs 
of the generic process model. 

5. 3. Process model inputs 
Process model inputs are defined as settings of the variables of the generic process model. 
Some initial settings have been defined in the previous sections of this chapter. The settings 
of the variables will be influenced by the implementation of PDM functions and by changing 
certain engineering process characteristics. In the awareness phase of PDM implementation 
different input settings will be used to visualise the effect of PDM functionality on the 
performance of the product development process by simulating the different settings of the 
variables of the generic process model. The identified input variables of the generic process 
model are: 
• The product structure used; the number of elements and their structure. 
• The type of elements in the product structure; M, E or S disciplines. 
• The complexity of the elements; the number of necessary specifications. 
• The distribution of the complexity over the document types; complexity per document. 
• The number of engineers with a certain skill and of a certain discipline type. 
• The activities in the different document lifecycles (with required engineering skill). 
• The sub-activities per activity. 
• The quality and time settings per sub-activity. 
• The priority settings of the jobs. 
• The precedence rules. 
• The change procedure settings. 

Within the readiness phase of the RapidPDM project a business process assessment model 
will be developed that is based on the Readiness Assessment tor Concurrent Engineering 
(RACE II) model developed by [de Graaf, 1996]. In short, the assessment will use the 
business dri\l0Js of a specific company to identify the essential remedies ( engineering 
process re-design and PDM function implementation) necessary to reach the desirable state 
or the TO-BE situation. The assessment tool will define the AS-IS and the TO-BE situation 
as settings of engineering process characteristic levels and PDM function levels. 
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The generic model defined in this research will start with some initial sets of standard 
settings per input variable. By further adjusting the settings of the variables the model of a 
particular enterprise can be tuned. This particular model will support the assessment phase, 
where the specific process forms and related bottlenecks of the object enterprise are 
analysed. The effect on the performance of the product development process of the different 
settings of PDM function levels and engineering process characteristics levels can be 
quantified by comparing the output of different simulation runs. The translation of the generic 
process model into a simulation model will be elaborated in the next chapter. 
Besides the PDM and process related inputs also the business type settings of the variables 
which determine the initial settings of the generic process model per type of company must 
be determined. Thus a distinction will be made between business type, engineering process 
characteristics and PDM function levels settings of the variables. 

5. 3. 1. Business type 
The business type settings of the variables determine the initial settings of the generic 
process model per type of company. The model will be provided with a number of 'partial' 
product document structures that are characteristic for a number of industry types. The 
variables effected by the business type can be defined as: 
• The product structure and type; determines the number of elements in the product 

structure. In an electrical or mechanical business type the discipline types of the 
elements will be different. The discipline type determines the activities and the sequence 
of the activities in a document lifecycle of a document type. 

• The complexity of the elements; the elements of the products of a customisation shop 
will have a higher complexity than the elements of an engineering company. The 
complexity of an element is distributed among document types. The complexity per 
document will determine the initial time settings of the sub-activities. 

• The number of engineers with a certain skill level and of a certain discipline type. 
• The priority of the different jobs in the product development process. 
• Initial quality (reject levels and error reduction) and time settings for the sub-activities. 

5. 3. 2. Engineering process characteristics 
The different engineering process characteristic levels will influence multiple settings of the 
variables of the generic process model. The assessment tool mentioned above will deliver 
the engineering process characteristics that will be used in the generic process model for the 
RapidPDM project. Some effects are mentioned below with examples of possible 
characteristics: 

• The quality and time settings of the sub-activities; the available information technology 
will effect the time of retrieval of documents/related information and the communication 
time (use of e-mail or paper mail). The level of use of standard methodologies and 
procedures in design will effect the time and quality settings of the analyse/solve and 
check sub-activities. The level of teamwork will effect the edit time and communication 
time. 

• The used precedence rules; the level of concurrency within the engineering activities will 
be determined by the precedence rules. The two sets of rules defined in the generic 
model are examples of a concurrent and a sequential process. 

• The engineering change procedures; the maturity of the organisation will determine how 
effectively the engineering changes are processed. The modularity of the elements will 
furthermore reduce the number of documents effected by an engineering change and the 
complexity-of the parent of two 'modular' children (less complex interface). 

• The number of release activities in a document lifecycle; the maturity of the organisation 
will determine how·many release steps are actually used (and strictly followed). 
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5. 3. 3. PDM function levels 
The PDM Function Model defined by Helms [RPDM03] will be used to determine the effects 
of PDM functionality on the input variables for every PDM function level. The PDM function 
level will have an effect on the following input variables (with some examples): 
• The quality and time settings of the sub-activities; Data vault and document management 

with 'check-in' procedures, 'check-out' procedures, authorising, searching and viewing 
functions. Structure management enables a 'multiple-view' function. 

• Precedence rules; Structure management and Workflow management enable the 
creation and management of versions and statuses of objects. Versions are marks in the 
evolution of an object during its lifecycle and enable the setting of certain precedence 
rules. 

• Engineering change procedures; Change management supports the 'what-if' or 'impact' 
analysis, which enable the analysis of the impact of changes on objects. This will result 
in a more efficient change procedure. 

The specific effects of the PDM functions will have to be derived from the final PDM Function 
Model and the assessment tool of the RapidPDM project. 

The variables as described above have an influence on a high level of the process model, 
the flow of documents, and on a low level of the process model, the parameters of the sub
activities. The effects on sub-activity level can be organised in a matrix of the different sub
activities and the effects per engineering process characteristic and PDM function level. The 
settings for the different sub-activities are different per activity (combination of domain, 
discipline and activity type attribute). The entities and attributes within the generic process 
model as used for simulation are explained in the next chapter. An example of the matrix is 
shown in Appendix E. The resulting time and quality settings for the jobs will be used in 
simulation per (engineering) activity. 

The effect of the engineering process characteristics and PDM functions are closely related. 
In fact some PDM functions can not be utilised or will only have a minor effect on the product 
development process performance if certain process characteristics are not available. An 
example is the use of searching, viewing and vaulting functions when an organisation mainly 
works with objects on paper and does not have an information network. This example can 
also be used the other way round, using the latest information network technology will have 
little or no effect if data can not be managed with searching, viewing and vaulting functions. 
Thus the effect of upgrading PDM functionality can be restricted by the organisational 
characteristics and the effect of process re-design can be determined by the availability of 
certain PDM functions. This interaction will have to be introduced in the matrix mentioned 
above or will have to be accounted for in the assessment tool. 

5. 4. Process model outputs 
The outputs of the generic model will be generated by a simulation model, which uses the 
settings of the input variables as parameters for different simulation runs. The main function 
of the process model outputs is the visualisation and quantification of the performance of the 
product development process for the different input settings. 

5. 4. 1. Time, costs and quality 
The simulation model will calculate the performance of the product development process for 
the different settings in terms of time, cost (engineering capacity used), and quality (the 
number of changes in documents after release). These outputs express the strength of the 
PDM functions used in combination with the options chosen for the engineering process 
characteristics. 

AUTHOR 27-D8-99 P AGE 

ROB VAN DEN ELZEN 38 



_C_H_AP_T_ER_5_. _TH_E_G_E_NE_R_IC_P_R_OC_E_SS_M_O_D_E_L __________________ Rapidat 
• Time: The lead-time of an individual document and of the product development project 

as a whole will be calculated in the simulation model. The lead-time will be split in actual 
engineering time and queue time of the documents. 

• Costs: The costs of a product development process project will be measured by 
calculating the used engineering capacity per engineer per skill and discipline. 

• Quality: The number of remaining errors in the documents after final release expresses 
the quality of the product development process. 

5. 4. 2. Milestones 
The performance of the product development process will also be visualised by showing 
when what milestones of the process are reached and what the quality of the documents at 
that milestone is. The milestones used in the generic process model are derived from the 
milestones of the Philips PTE case study: 

• Start project. 
• Quotation is finished. 
• Requirement documents are released for approval. 
+ Functional documents are released for approval. 
• Technology documents are released for approval. 
+ Physical documents are released for approval. 
+ All documents are released for realisation. 
+ Release for production of all documents (project end). 

The quality of a document can be modelled as the number of changes (and possible 
iterations) that will occur in the future. The quality at a milestone can be expressed as the 
number of changes necessary after the milestone because of the remaining errors in the 
documents. An example is expressed in Figure 22. The number of changes in the future 
increases as the number of documents (with errors) increases. As the documents are edited 
and thus the number of wrong or missing specifications decreases, the number of changes 
in the future will decrease. The curve labelled "without PDM" represents an AS-IS situation. 
PDM supports strategies that move changes to earlier phases of the project (curve "with 
PDM") so that the cost of changes will be lower and the quality of the development project 
will be much better (TO-BE situation). This effect can be visualised by using the quality of 
the documents as the remaining errors to show the remaining number of changes in the 
future at each milestone. 

Number of 
changes in 
the future 

With PDM 

Start project 

Without PDM 

Start (pre) production 

Figure 22: Relationship between flow of changes and design quality 
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By changing the parameters for PDM functionality the potential of PDM in the particular 
situation can be demonstrated. How the input variables can be used as parameters to 
compute the simulation data for a simulation run, which in turn calculates the output 
(performance) in the different situations, is elaborated in Chapter 6. The output of the 
simulation model can be used to visualise the performance from many points of view. The 
example in Figure 22 is just one of the possible views. Other views will, for instance, also 
enable the analysis of bottlenecks in the product development process. 
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CHAPTER 6. THE SIMULATION MODEL 

A simulation model is developed based upon the generic process model. The 
development of the simulation model in the ExSpect simulation application is 
performed by Erik Jans, a graduate student at the faculty of Computing 
Science of the Eindhoven University of Technology. The development of the 
simulation model is performed in close co-operation with the research on the 
generic process model. This chapter describes the simulation model on the 
level of participation of this research in the development of the simulation 
model. A detailed description of the simulation model can be found in [Jans, 
1999]. 

6. 1. Selection of the simulation application 
Before it is possible to make a simulation model a simulation application has to be selected. 
This selection is based upon the requirements of the simulation model. The following 
requirements have been used as criteria for the application selection: 

1. The dynamic aspects of an engineering environment, such as iterative loops and 
parallel activities can be modelled. 

2. Measurement of performance, for instance lead-time and costs of a project, is possible. 
3. Activities can be modelled in a workflow and all used data is administrated. 
4. The application offers the possibility to program a model in a structured way, using 

modules and functions. 
5. The application supports the hierarchical structure of the model. 
6. The application is able to show performance graphically. 
7. The application can easily change the used input parameters (as to simulate different 

engineering situations). Communication with other applications like MS Excel and MS 
Access is possible. 

8. A product structure, a project structure and an organisation structure is recognised in 
the model. The application offers the possibility of implementing such structures. 

9. The application is compatible with other modelling/workflow packages. 
10. The application has a user-friendly interface. 

Three simulation applications have been evaluated using the criteria mentioned above. 
These applications are Arena 3.0, ExSpect 6.2 and BWise 4.0 expert. After comparing these 
three applications it followed that ExSpect 6.2 is the most suitable application. In comparison 
to the other applications ExSpect complied better to the requirements 3, 4, 5, 7, 8 and 9. 
Thus, the application ExSpect is used for simulation modelling. 

6. 1. 1. ExSpect 
ExSpect is a simulation application developed in close co-operation between the Eindhoven 
University of Technology and Bakkenist Consultants BV. ExSpect is a powerful business
modelling tool giving organisations the ability to model and analyse their business processes 
effectively. The application is an proven tool for executing and analysing 'what-if' scenarios. 
Other strong aspects of ExSpect are: 
• The formal approach of modelling by using Petri-Nets. 
• The ability to define very complex data types. 
• Business modelling with hierarchy. 
• Graphical views of input and output. 
• The ability to follow processes step-by-step while simulating. 
• The ability to use libraries of transitions that supports re-use of (parts of) earlier 

developed models. 
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ExSpect is based on the Petri Net Theory [Hee, 1994]. Business models in ExSpect are 
composed of processors (rectangles), which represent the transitions of a process, and 
places (circles), which hold objects. The places are marked with zero or more tokens. The 
state of a Petri-Net is the configuration of tokens over the places, also called the marking of 
a net. Processors are enabled to execute if a token is available in every input place of the 
processor. The processor definition describes the behaviour (transitions) of that processor. 
A basic example of a Petri-Net model of a workflow of activities is shown in Figure 23. This 
model represents the building and assembly of a product with a certain product structure 
(shown as the Bill of Material). 

The Petri-Net model TheBOM 

build_2 
5 

build_1 

build_4 

o-J7 7 ____ .. @--~l 
material_S ~ product_S 

build_S 

Figure 23: Petri-Net model of a workflow 

First the components 3, 4 and 5 are manufactured. When components 3 and 4 are built it is 
possible to assemble component 2. When component 2 is assembled and component 5 is 
built the final product can be assembled. In this figure component 3 and 5 have already been 
built as shown by the state of the Petri-net. 

Petri-Nets can be used to model business processes. However, Petri-Net modelling requires 
some experience. Van der Aalst and Van Hee [Aalst, Hee, 1997] describe certain basic 
concepts and business processes and provide the translation of these concepts and 
processes into Petri-Nets. 

6. 2. The black box model 
Simulation is used for 'what-if' analysis, which measures the performance of a model in 
different situations. Before starting the development of a simulation model the situation inputs 
and the required performance indicators that have to be measured must be defined. These 
inputs and outputs represent the environment of the simulation model. They are based on 
the definitions in the generic process model. In the simulation environment three variables 
are identified: the input variables of the model, the output variables of the model and the 
business type variables. The black box model of the simulation model is shown in Figure 24. 

Business type variables 

Output variables 

Figure 24: The black box model 
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The different variables as derived from the generic simulation model are explained below: 
1 . Business type variables: the business type variables are in fact constants that have to 

be set before running different simulations. This data determines the business type 
related behaviour of the processes. The business type variables determine the data 
settings of, for instance, the engineers, the activities, the routing of activities and the 
domains. These variables will be described in the data model in section 6.5. 

2. Input variables: the input variables are the variables that can freely be chosen before 
executing a simulation run. The objective of the simulation model is to measure the 
performance of the business process using certain input variables. The input variables 
are the different levels of the engineering process characteristics and the levels of PDM 
functions. 

3. Output variables: The output variables are the variables of which the value is computed 
by simulating. These are the performance indicators of the model. The output variables of 
the generic simulation model are time, costs and quality. These variables will also be 
divided in sub-outputs like lead-time, waiting/pending time and the time when a milestone 
is reached. 

In sections 5.3 and 5.4 these variables have been defined for the generic process model. 

In the black box model the environment of the simulation model has been defined. For the 
development of a simulation model an overview of two aspects is required: 
1 . The dynamic properties: the behaviour of relevant objects and the impact on other 

objects. 
2. The static properties: the data about the relevant objects in the simulation model and the 

relationships between the data. 
In the simulation model the Petri-Net describes the dynamic properties. The specific data 
types of the places, which are determined by the objects in those places, reflect the static 
properties. The dynamic properties of the simulation model will be described in section 6.3. 
The static properties will be described with a data model in section 6.4. 

6. 3. The simulation model architecture 
To reduce the complexity of the simulation model it is important to define a solid architecture 
of the model. A hierarchical structure is used in the development to enable a view at different 
levels of detail of the model. A general description of the architecture of the simulation model 
will be given in this thesis. A more detailed description and the implementation aspects of the 
simulation model are defined in [Jans, 1999]. 

6. 3. 1. The initial state 
Before a simulation run can start, pre-computations are executed to acquire the initial state of 
the simulation model. These computations calculate the effect of the input variables on the 
initial settings, which are determined by the business type. These computations are executed 
before the simulation of the process starts. The computations are based on the settings of 
the business type variables, the engineering process characteristic level and the PDM 
function level. The calculations can be structured as shown in the matrix in Appendix E. A 
model of the calculations is shown in Figure 25. 
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Figure 25: The calculation of the initial state of the simulation. 
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6. 3. 2. The business process level 
The simulation model is developed in a hierarchical manner. First a distinction is made on 
business process level between the control processes and executing processes. The 
interfaces between these processes are shown in Figure 26. 

Control 
processes 

.. .. 
new 
jobs 

finished , ,. iobs 

Executing 
processes 

.. .. 
ch ange 

uests req 

Figure 26: The simulation model at business process level 

The control processes enclose most of the complexity of the simulation model. They control 
all the engineering activities in the executing processes. The control activities enclose the 
releasing of new jobs, the planning of the jobs and the handling of the change requests. 
When an engineer is able to execute a job this job is sent from the control processes to the 
executing processes (arrow new jobs). When an engineer has finished a job this is reported 
to control (arrow finished jobs). Control will react on a finished job by releasing new jobs 
and/or sending new jobs to engineers. When a document is rejected by a release job, a 
change request will be sent to the control processes (arrow change requests). In the control 
processes these change requests will be handled. The control processes and the executing 
processes will be explained in more detail in the following sections. 

6. 3. 3. The control processes 
The control processes are divided into three main activities: job release control , job planning 
and change request handling. The structure of the control processes is shown in Figure 27. 
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Figure 27: The control processes of the simulation model 
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• Job release control releases new jobs. This process requires data about the document 

lifecycles to determine the activities that have to be executed for a document. The 
precedence rules determine when a job can be released. A common concept used to 
transform an activity workflow to a Petri-Net is to model every activity as a processor. 
This is shown in Figure 23 in section 6.1.1 where a product assembly is modelled. For 
every different workflow a different Petri-Net will have to be modelled. ExSpect offers the 
possibility to use data structures, which enable the storage of workflows in a database. 
The different types of document lifecycles (workflows) can be implemented by changing 
the data in the belonging database. The Petri-Net of the simulation model will not have to 
be adapted to the different document lifecycles in ExSpect itself. This increases the 
flexibility of the model. In this simulation model the stored precedence rules and routings 
of activities determine the activity workflow. They are stored in separate tables of a 
database. 
Job release control must also keep data on the progress of all documents. The progress 
of documents determines when related documents as defined in the precedence rules 
can be released in a job. 

• Job planning performs different planning activities. An engineer is assigned to every 
new released job. Data is kept about the pending jobs, which are the jobs in progress, 
and the jobs that are still waiting to be executed, which are the jobs in the 'in-tray' of the 
engineers. After assigning an engineer to a job, job planning checks whether this job has 
a higher priority then the pending jobs of the engineer. If it does, the new job is sent to 
the engineer and the engineer starts working on the new job. The pending jobs will be 
delayed because the new job has priority. If the new job does not have a higher priority 
the job is stored in the 'in-tray' of the engineer. When a job is finished the next job of the 
engineer will be determined conform to the priority and first in first out rules. The progress 
is reported to job release control. 

• The change request handler processes change requests. After a change request has 
been received change notification(s) will be generated with a certain delay. The 
notification cancels all affected pending jobs and waiting jobs by deleting them from the 
belonging data set. The change request handler also updates data about the progress of 
documents. Job release control will release the jobs that will have to be executed again 
according to the routing of the activities and the precedence rules. These jobs are 
performed on a higher version of the document. 

6. 3. 4. The executing processes 
The executing processes receive jobs and process them with a certain execution delay. One 
main processor represents all executing processes. For all received jobs it is determined 
when the job is finished and how many errors remain in the document after execution. When 
a job is finished this is reported to the control processes. In some cases, depending on the 
quality reject level of a job and the quality of the document, a change request can be 
generated and sent to the control processes. 

6. 4. Data model of the simulation model 
Data modelling is a solid method for defining and structuring of data. Data modelling gives an 
overview of all static characteristics of the objects used in an information system. It defines 
relevant data and the relationships between them. It can be expressed graphically and is 
quite easy to read and understand, also for people who are not familiar with data modelling. 
Different languages can be used to develop a data model, such as Entity Relationships 
Models (ERM) or Unified Modelling Language (UML). In data modelling the relevant data that 
have the same properties are instances of the same data class. Such a class can be a 
concrete or physical object like a car or a person, or it can be an abstract object like a job or 
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an order. It can also be an information object that refers to a concrete or an abstract object. 
In data modelling the relationships between these data classes can be defined. 

6. 4. 1. The data model 
The simulation model has to keep a lot of data to be able to control the modelled engineering 
processes, for instance, data about engineers, documents and products. A data model of the 
simulation model has been developed which structures the main data classes required in 
simulation. The language used for the data model of the simulation model is a language that 
is easy to understand and easy to use. In Figure 28 the developed data model is shown with 
an explanation of the used language. Jans has translated the model into Unified Modelling 
Language (UML) [Jans, 1999]. The distinguished data classes are explained in section 6.5.2 
and the relationships between the defined data classes are explained in section 6.5.3. 
Further development of the simulation model will require new updates of the data model. 
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Figure 28: The data model 

In Figure 28 the main data classes used by the simulation model are shown. For every class 
a short description is given: 

• Element: Elements are objects, such as products or modules that are identified by an 
element identification number. For every element the name, the discipline of the element 
and the complexity of the element is stored. 

• Document: Documents are characterised by document type, the element and the version 
of a document. A document has a status, a version number and a percentage of 
remaining errors. 

• Engineer: An engineer performs engineering tasks. Every engineer is identified by an 
engineer identification number. An engineer has a discipline and a skill level. 
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• Product structure: To model the structure of a product data has to be stored about the 

parent-child relationships between the elements in that structure. These relationships are 
defined by instances of the class product structure. 

• Document precedence: The precedence rules and the progress of the related 
documents determine the release time of a job. A document can have a set of necessary 
preceding documents with a certain status. These relationships are defined by instances 
of the class document precedence. 

• Document type: Is a domain discipline combination. Has as attribute the percentage of 
the complexity of an element. 

• Activity: Per document type the activity types are defined. These activities have certain 
properties. The following attributes are stored; sequence number of the activity in the 
document lifecycle (if O it is not in the lifecycle in a certain situation}, the 'weight' factor of 
the activity, the priority of the activity, the error limit that determines whether a document 
is rejected and finally the error reduction after execution of the activity on a document. 

• Job: In the simulation model engineers perform the jobs. Every job is related to one 
document and a certain activity type. A specific engineer will perform this activity on the 
related document. A job has a certain priority and for every job the required time stamps 
are stored for statistical purposes and to calculate the overall performance of the 
process. 

6. 4. 3. Data class relationships 
Relationships exist between the distinguished data classes in the data model. These 
relationships can be explained as followed (see Figure 28). 
An element has a specific discipline (arrow 1 ). A product structure is defined by storing data 
about parent-child relationships of elements (arrows 2 and 3). A document describes a 
specific element (arrow 4). Each document belongs to a document type (arrow 5). 
Documents will be processed in a specified order, dependent on the progress of other 
documents. So for each document the precedence documents with a specific status are 
stored (arrows 6 en 7). Jobs are performed on a specific document (arrow 8), jobs are 
executed by an engineer (arrow 9) and each job performs a specific activity type (arrow 10). 
An engineer has a skill level (arrow 11) and a discipline (arrow 12). Each document type has 
a discipline (arrow 13). Each activity is performed on a belonging document type (arrow 14) 
and is of an activity type (arrow 15). For an activity the minimal required (arrow 16) and 
maximal allowed skill level (arrow 17) are stored. An engineer is allowed to perform an 
activity if the skill of the engineer is higher than or equal to the minimum and less than or 
equal to the maximum skill level. 

6. 4. 4. Business type data 
As mentioned before, the business type data is required for the pre-computations of the 
simulation model to get the initial data. The business type data exists of the following data 
classes: 
• element 
• product structure 
• document precedence 
• document type 
• activity (with sequence in the lifecycle) 
• engineer 

For every data class, with the exception of the document precedence class, a table has been 
built in Micr0$0ft Access97. With a simple interface the data in these tables can be 
transformed to the format used by ExSpect. This makes it possible to include the data files in 
the simulation model. A simulation model tutorial will be development that will explain the 
implementation and use of the simulation tool (see [Jans, 1999]). The implementation of the 
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data class document precedence is based on precedence rules. Details about this 
implementation can be found in [Jans, 1999). 

The table below is an example of the implemented Access table of the data class activity (as 
described in the previous section). The values of the attributes are estimates: 

Technology 1 mech 5 1 1 3 0.78 1.00 

Technology 1 software 5 2 3 3 0.74 0.25 

Technology 2 mech 3 4 2 4 0.56 1.00 

Technology 2 software 3 6 3 4 0.58 0.25 

Technology 3 mech 2 3 5 5 0.45 1.00 

Technology 3 software 2 5 4 4 0.39 0.25 

Technology 4 mech 4 2 3 4 0.25 1.00 

Technology 4 software 4 5 2 4 0.28 0.25 

Technology 5 mech 1 2 1 2 0.18 1.00 

Technology 5 software 1 1 1 3 0.09 0.25 

Concluding, the simulation model described in this chapter will be able to simulate the 
product development process as defined by the generic process model in the previous 
chapter. The use of tables in the MS Access application will provide a user-friendly interface 
between the eventual users of the tool and the simulation model. In the awareness phase 
standard databases will be used to simulate business type processes. In the following 
phases the business type variables can be tuned to comply with the specific company. The 
influence of the engineering process characteristic levels and the PDM function levels can be 
set for every simulation run once the (specific) business type is defined. The output variables 
of the generic simulation model are time, costs and quality. These variables will also be 
divided in sub-outputs like lead-time and waiting/pending time for each document and the 
time when a milestone is reached. These outputs will be stored in a database from which 
specific outputs can be derived. The visualisation of the output variables can be performed in 
the ExSpect application during the simulation run. The visualisation of the quality levels of 
the documents at each milestone (as defined in section 5.4) is an example of one of the 
many possible visual demonstrations of the performance of the process. A more precise 
description of the possible output variables can be found in [Jans, 1999). 
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CHAPTER 7. CONCLUSIONS AND RECOMMENDATIONS 

The effect of PDM functionality and engineering process characteristics on the 
performance of the product development process can be quantified and 
visualised with a dynamic process model. Building process models and 
simulations of the dynamic and iterative processes is quite innovative. It is 
difficult to model all aspects of the complex and dynamic engineering 
processes. The process model, as every model, is a simplified representation 
of reality. It is based on basic principles and assumption from theory and 
practice. The assumptions made in the development of the generic process 
model are necessary to formalise the modelled engineering processes for 
simulation purposes. In this chapter the Conclusions and Recommendations 
as a result of the research on the development of the dynamic process model 
will be stated. 

7. 1. Conclusions 
The dynamic process model of the product development process should be able to visualise 
the performance of the engineering process in different situations. Simulation technology 
provides a 'what-if' analysis, which is an effective analysing technique for this purpose 
[Krause, 1997]. The generic process model incorporates the main characteristics of product 
development processes and provides a foundation for the simulation model. The basic 
principles and assumptions used in the generic process model substantiate this research and 
are therefore the (sub-) conclusions of this research: 

1. Product development is a complex process that exists of a sequence of iterative stages 
or phases, which translate requirements into innovative solutions. The activities, which 
translate the requirements into specifications, can be defined as followed: 

The non-physical activities associated with a customer order between the time 
of arrival of a request for quotation from a potential customer and the time of 
delivery of the required documents for production, including non-physical 
actions triggered in the following physical phase. 

2. The product information created by the non-physical activities can be structured into 
domains, which represent the different product models in the product development 
process. This research identifies Quotation, Requirements, Functional, Technology and 
Physical domains. 

3. The assumed engineering view on the product structure can be used to model the 
hierarchical structure of the elements in the product models of the different domains. It is 
assumed that each element of a product model is described by one (composite) 
document. 

4. Elements of an engineering product structure are assumed to be functionally independent 
so the relationships in a domain (intradomain) are restricted to the parent-child 
relationships between the elements. The use of one product structure for every domain 
will ensure the one-on-one relationships of the elements in the domains. The 
relationships between the domains (interdomain) are restricted to the elements. 

5. A specific discipline (M, E or S) is responsible for each element of the product structure. 
The discipline and the domain of an element determine the document type of the 
document that describes the element. 
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6. Every document type has a document lifecycle. This lifecycle contains the sequential 
activities and sub-activities, which are performed by specific engineers. The activities 
increase the status of a document or reject a document triggering an iterative loop. Thus 
statuses are used to monitor the progress of a document. The lead-time and quality 
settings of the activities are determined by the settings of the input variables of the 
product development process. 

7. The status of a specific document can be used to trigger other documents in the product 
development process. The concurrency of the document flow and the iterative nature of 
the product development process are determined by the used precedence rules and 
change procedures. The settings of these principles are determined by the specific 
situation and are input variables of the model. 

8. The outputs of the generic process model are the time, costs and quality of a product 
development project. This performance can be visualised and quantified with a simulation 
run. A combination of the time and quality values at certain milestones of the process can 
be used to visualise the progress of a project as the number of required changes in the 
future. 

The generic process model can be translated in a simulation model using the ExSpect 
simulation application. ExSpect satisfies all set requirements for the simulation model. The 
simulation model is able to execute and calculate the performance of the product 
development process as specified in the generic process model. The data model encloses all 
data classes and their relationships. It can be used to generate a database with tables 
containing the process input information. The initial state for the different simulation runs can 
be calculated for the set PDM functionality levels and the engineering process characteristics 
levels for a specific business type. 

The used principles, the assumptions and the initial settings of the input variables in the 
generic process model will have to be validated before the model can be used as a tool in 
the RapidPDM project. The model can be validated by using the model in practice at the 
case companies within the RapidPDM project. As mentioned in the framework of this 
research, this validation phase is not part of this research. However, in the next section 
recommendations for further research are made per (sub-) conclusion. 

7. 2. Recommendations 
The recommendations in connection with the conclusions are listed below: 

1 . The main characteristics of product development processes are based on established 
theoretic definitions. A definition of the non-physical engineering activities in product 
development processes has been extended with the iterations triggered by build activities 
in the physical phase of product development. 
• The level of concurrent engineering in the lifecycle of a product determines how the 

interaction between the non-physical and physical phases in product development 
processes is brought into practice. How this aspect of concurrent engineering can be 
further developed in the generic process model is an interesting subject for future 
research. 

2. The product information created by the non-physical activities can be structured into 
domains. -
• The domains derived from the theoretical and practical design models enclose all 

product information in the engineering process. Future research and use of the model 
in practice may point out that different sets of domains will be necessary in different 
company specific situations. The final design model gives an academic view on the 
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domains. Engineers, who will be involved in a RapidPDM implementation project, will 
relate better to a more practical view on the domains. Research on a more practical 
and detailed definition of the documents in each domain is recommended. 

3. An engineering view on the product structure can be used to model the hierarchical 
structure of the elements in the product models of the different domains. 
• How and if such an engineering view of the product structure can be obtained in 

practice from the product structure on hand at a company needs to be further 
investigated. 

• In practice every domain will have a different product model. The impact of the 
simplification made with the assumption above on the validity of the measured 
performance should be investigated. 

4. The use of the engineering view of the product structure to determine the product model 
of every domain will formalise the relationships between the elements of the product 
models on inter and intra domain level. 
• These assumptions formalise and simplify the complex relationships between the 

documents in practice. The question is how does this simplification affect the validity 
of the output of the generic process model. Should more relationships be allowed 
between elements (such as random interfaces between elements)? If so, how can 
these be modelled in a formal way so that a simulation model can execute them. 
Research on this subject and use of the model in practice will answer these 
questions. 

5. A specific discipline (M, E or S) is responsible for each element of the product structure. 
The discipline and the domain of an element determine the document type of the 
document that describes the element. 
• Further research on the influence of the product structure level of an element on the 

use of an element in the generic process model is recommended. For example, will 
all elements on the lowest level of the product structure be described in the 
requirements domain or should the complexity of the documents on that level be set 
to zero. 

• The complexity of an element is distributed over the document types of an element. 
Further research should provide a founded basis for the used distribution code for the 
complexity of an element over the document types. 

6. Every document has a document lifecycle, which contains a sequence of activities and 
sub-activities that have lead-time and quality attributes. 
• In the awareness phase of implementation some predefined sets of input data 

represent the different types of companies in the scope of the RapidPDM project. In 
the following phases company specific settings will be required. The question of how 
the necessary input data can be acquired for a specific company gives cause for 
further research. 

• The different levels of engineering characteristics and PDM functions as defined in 
the RapidPDM project will be based on the PDM Function Model and an assessment 
model, which is currently being developed. The possible influence of these settings 
on the input variables of the generic process model and how this influence can be 
carried into effect is, however, only fundamentally defined in this research. 
Experience with the model in practice is necessary to determine how these settings 
and their interactions can be modelled in more detail. 
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7. The concurrency of the flow of documents and the iterative nature of the product 
development process are determined by the used precedence rules and change 
procedures. 

• 

• 

The precedence rules determine the level of concurrency in design and the level of 
concurrency in the lifecycle of a product. Further information on how these rules are 
used in practice will result from the implementation of the model in the case 
companies. For example, in the engineering environment engineers work on the 
specification of a design problem and do not want to be bothered by procedures that 
prescribe how they have to work. How the maturity of a company will affect the 
control principles will have to be validated in practice. 
The level of concurrency determines the magnitude of the consequence of a change 
in design. In the generic process model these changes are triggering by the release 
activities. The quality level of a document determines if the document is rejected. The 
definition of complexity as the total number of specifications in a document and the 
number of errors as the number of wrong or missing specifications in a document can 
be used to assign a quality level to a document. The quality concept of design is a 
very important aspect in the generic process model. It is used to determine if iterative 
loops are triggered with a change request and to determine the overall quality related 
performance of the product development process. In this model quality is however 
defined on an academic level. How the quality of a document is upgraded and how it 
is measured in the model can not be substantiated by this definition. Further research 
on how the quality concept is used in practice and how it can be defined on a more 
detailed theoretic level is required. This will make it possible to substantiate the used 
quality level for triggering the different types of change procedures. 

8. The outputs of the generic process model are the time, costs and quality of a product 
development project. This performance can be visualised and quantified with a simulation 
run. 
• The output of the simulation model will have to be defined in more detail as to comply 

with the required input of the ROI model of the RapidPDM project. Further research 
will also be necessary for the validation of the assumptions used for determining the 
performance indicators time, cost and quality. 

• Use of the model in practice will demonstrate how the effect of RapidPDM 
implementation on the performance of the product development processes can be 
visualised in the best manner to create awareness (management and engineers) in 
the awareness phase. The visualisation of the output as to identify bottlenecks in the 
product development process is important in the following phases of implementation. 

Overall, the dynamic process model, incorporated by the generic process model and the 
simulation model, will prove to be a powerful tool for the RapidPDM project. When the 
model is further developed as described above it can also be used for the assessment of 
product development processes in general. 
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APPENDIX A: THE IDEFO MODELLING TECHNIQUE * 

IDEFO (Integration DEFinition language 0) is based on SADT (Structured Analysis and 
Design Technique), developed by Douglas T. Ross and SofTech, Inc. 
IDEFO may be used to model a wide variety of automated and non-automated systems. For 
new systems, IDEFO may be used first to define the requirements and specify the functions, 
and then to design an implementation that meets the requirements and performs the 
functions. For existing systems, IDEFO can be used to analyse the functions the system 
performs and to record the mechanisms (means) by which these are done. 

The result of applying IDEFO to a system is a model that consists of a hierarchical series of 
diagrams, text, and glossary cross-referenced to each other. The two primary modelling 
components are activities (represented on a diagram by boxes) and the data that inter-relate 
those functions (represented by arrows). 
In this Appendix some explanatory figures illustrate the IDEFO modelling technique. 

As a function modelling language, IDEFO has the following characteristics: 

1. It is comprehensive and expressive, capable of graphically representing a 
wide variety of business, manufacturing and other types of enterprise 
operations to any level of detail. 

2. It is a coherent and simple language, providing for rigorous and precise 
expression, and promoting consistency of usage and interpretation. 

3. It enhances communication between systems analysts, developers and users 
through ease of learning and its emphasis on hierarchical exposition of detail. 

4. It is well-tested and proven, through many years of use in Air Force and other 
government development projects, and by private industry. 

5. It can be generated by a variety of computer graphics tools; numerous 
commercial products specifically support development and analysis of IDEFO 
diagrams and models. 

IDEFO is an engineering technique for performing and managing needs analysis, benefits 
analysis, requirements definition, functional analysis, systems design, maintenance, and 
baselines for continuous improvement. IDEFO models provide a "blueprint" of functions and 
their interfaces that must be captured and understood in order to make systems engineering 
decisions that are logical, affordable, achievable and that can be integrated. The IDEFO 
model reflects how system functions interrelate and operate just as the blueprint of a product 
reflects how the different pieces of a product fit together. When used in a systematic way, 
IDEFO provides a systems engineering approach to: 

1. Performing systems analysis and design at all levels, for systems composed 
of people, machines, materials, computers and information of all varieties - the 
entire enterprise, a system, or a subject area; 

2. Producing reference documentation concurrent with development to serve as 
_a basis for integrating new systems or improving existing systems; 

• Federal Info rmation Processing Standards Publications (FIPS PUBS) are issued by the National Institute of 
Standards and Technology. 
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3. Communicating among analysts, designers, users, and managers; 

4. Allowing coalition team consensus to be achieved by shared understanding; 

5. Managing large and complex projects using qualitative measures of progress; 

6. Providing a reference architecture for enterprise analysis, information 
engineering and resource management. 

IDEFO Explanatory figures: 
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APPENDIX B: IDEF0 MODEL OF PHILIPS PTE 

USED AT: AUTHOR: TUE DATE: 24·2·99 WORKING 
Philips PTE PROJECT: Case Philips PTE REV: 19·4·99 • DRAFT 

RECOMMENDED 

NOTES: 1 2 3 4 5 6 7 8 9 10 PUBLICATION 

Quality Philips 
system policy 
procedures 

IW 
Request for inquiry -

Change request IPC Philips PTE 
- Type/Industrial 

Sales order -

Resources 

NODE: 
'TITLE: 

Philips PTE Typ&'lndustrial 
A-0 

Quality system 
procedures 

Project progress report 

Request for inquiry 
~ I 

C 
s 

hange request IPC_ 

ales order 

-
~ 

Control 

Manage Project Zpin eq. list line 

Zpqu eq. list line 

~ - list line 

1 
, .. 

--------

CMooe o,rua<;oo """"' r 
I Rejected sales order I 

Execute Project 

2 

T 
I 

READER DATE CONTEXT: 

TOP 

Project information 

TPD -
0 

'NUMBER: 
Version 7.5 

r-
CONTEXT: -A·O 

-
Project 
informatiq_n 

MOM 

TPD-

Marked TPD [''° & RAAD form 

j ... 
Support Project 

' --
3 l l I Documentation rilquest form I 

l 
- Resources 

NODE: TITLE: Philips PTE Type/Industrial NUMBER: 
AO Version 7.5 
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CONTEXT: - D 
AO 

D 

Quality system Project 
procedures progress 

report ,. 
Request for inquiry 

Zpin eq. list lin~ 

-

I I 
--

Project 
Preparation -

Zpqu eq. list -
Chanae quotation line -
request - -

1.1 

' 
Rejected 
quotation 

~ 
Project information 

form 
Zpro eq. list line 

Rejected sales 
Project 

order Control Control 

Chanae request 1Pd I -

Sales order I I Change quotation 
request 

I 
1.2 

Resources 

NODE: I TITLE: 
Manage Project I NUMBER: 

Al Version 7.5 

I 

CONTEXT: -Quality system procedures D 
Al 

C0001 C0003 C0006 

'' 

Request Make Main MO 
,or inquiry Outlines ~ 

1.1.1 

Make provisional prov. eq. list 
~ Eq. list 

1.1.2 
,. 

Zpin eq. list line 

Specify -
delivery date Rejected quotation form 

Chanqe quotation request - and price 
Zpqu eq. list line 

1.1.3 

PT PL 

Resources 

NODE: TITLE: Project Preparation NUMBER: 
Al .1 Version 7.5 

I 
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CONTEXT: 

D D -A1 .1 

~C0006 

l Zpin eq. list 

prov. eq. list 
Process SAP une 

Inquiry 
Internal 

1.1.3.1 
,-...., quotation 

request form , 
I'° Rejected quotation form - Accept & Make 

Internal Quotation Internal 
Chanoe ouotation -----, quotation 
request 

1.1 .3.2 form 
, 

External 
Make & Accept --, quotation .._. External Quotation 

....., 
1.1.3.3 

- Process 
Quotations 7nnu "" list 

line 

1.1.3.4 

EA SAP SL 
Chief 
Realisation PL lEA SAP 

Resources 

NODE: TITLE: Specify delivery date and NUMBER: 
A1 .1.3 Version 7.5 

I 

CONTEXT: 

D -A1 

Quality system [ Project 
procedures cooos progress 

• report 

Zoou eq. list -
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Proiect Sales Orders 
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1.2.1 

~ 
I'° 

-
I Release Sales Order Zpro eq. list li!:)e 

Sales order 

I 
1.2.2 

T 
,, 

Rejected sales order - Process Chance 
Change request IPC I I I I Change I quotation request 

Rejected quotation form I I I I Request Change forrn.,.,. -1.2.3 

Project 

- Progress Control_ - Control 

1.2.4 

- PL PL hr PL SAP 

l 
Resources 

NODE: I TITLE: Project Control I NUMBER: 
A12 Version 7.5 

I 
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CONTEXT: -AO 

D 

I C0018 C0014 
system Control ) 

p_l""- .. ,, 
procedures 

Slip-SAP I 1 I 
, i I I I l Zoin ea. list line 

I I I I I Rejecfed sales ore er 
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~ 
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06/POB 
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Control 
Quality system 
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C0011 l C0017 
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Q art U 1y l system 
procedurei 

~ 

M arked TPD /1. Make RAAD-list -RAAD form RAAD-list 

I 3.1.1 

Checked TPD 

TPD 
....... 
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IDEFO Node trees 
USED AT: AUTHOR: TUE 

PROJECT: Case Philips PTE 

NOTES: 1 2 3 4 5 6 7 8 9 10 

Project 
Preparation 

1.1 

NODE: 

NODE: 

AO 

Make Main 
Outlines 

1.1.1 

A1 

Accept & Plan 
Activities 

2.1.1 2.1.2 

NODE: 
A2 

A UTHOR 
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Project 
Control 

1.2 

TITLE: 

TITLE: 

Make 
FSM 

2 .1.5.1 

TITLE: 

Make 
DSM 

2.1.5.2 

Design 

Oealgn 

2.1.5.3 

2.1 

WORKING READER DATE CONTEXT: 
-~D~R~AFT:-=,----------t--------~ TOP 

RECOMMENDED 

PUBLICATION 

Philips PTE 
Type/Industrial 

0 

A-0 

Search and 
Reproduce 

Documentation 
Build 

Installing, 
Commissioning 

& Running-in 

2.4 

RAAD Processes 
Process Code 

Number Reques1 

2.2 2.3 

Node Tree Philips PTE Type/Industrial 

Manage Project 
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Node Tree Manage Project 

Work Preparation 
Aealiaalton 

Project 
Control 

1.2 

NUMBER: 
Version 7.5 

NUMBER: 

3.1 

Project 
Progress 

Control 

1.2.4 

WarehoUN 
Proceaae, 

Pun:hulng 
ProcNIBI 

Search & 
Reproduce 

TPO 

2.2.2 2.3.1 2.3.2 2.3.3 

Build, 
Aaoembly 

&BKM 

2.3.4 

3.2 

Installing, 
Commlaeioning 
& Running-In 

2.4 

Put Oeeign Out 
to Contract 

Control and 
Archive 

Documentation 

2.1.5.5 2.1.5.4 
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NODE: TITLE: 
A3 

AUTHOR 
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Support Project 
3 

Control and Archive 
checked TPD 

3.1.4 

Node Tree Support Project 

27-08-99 

Process Code 
Number Request 

3.2 

NUMBER: 
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Activity definitions: 

Activity Name Activity Number Activity Definition 

Philips PTE 
Type/Industrial 

Manage Project 

Project Preparation 

Make Main Outlines 

IPC participation. 

Make provisional 
Eq.list 

Specify delivery date 
and price 

Process SAP Inquiry 

Accept & Make Internal 
Quotation 

Make & Accept External 
Quotation 

Process Quotations 

AUTHOR 

ROB VAN DEN ELZEN 

0 

1 

1.1 

1.1.1 

Activities within Philips PTE 
Type/Industrial Projects. 

The preparation and control of 
the project. 

Preparation activities for a project. 

After a request for inquiry from 
an IPC the main outlines for the 
project are defined. This includes 

1 .1 .2 A project leader makes a 
provisional equipment list using 
the MO of the project. 

1.1.3 Processing of the inquiry in SAP 
and the quotation activities. 

1 .1 .3.1 Enter provisional equipment list 
in SAP system, assign a project 
number and all necessary 12 
NC's. SAP will be able to print 
out the equipment list lines 
with status Zpin and (in the 
future) a Internal quotation 
request form 

1.1 .3.2 The section leader and chief 
realisation complete or adjust a 
quotation form. This is the estimated 
lead-time and price. If the request 
is not clear or not appropriate for the 
section, the form is rejected 

1.1.3.3 External Affairs makes a external 
quotation which is accepted by the 
Project Leader. 

1.1.3.4 Internal and external quotations 
are entered into SAP system. The 
equipment list lines have status 
Zpqu. 
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Activity Name 

Project Control 

Generate Sales Orders 
and acquire sales order. 

Release Sales Order 

Process Change 
Request 

Project Progress 
Control 

Execute Project 

Design 

Accept & Plan Activities 

Make Study MOB 

AUTHOR 

ROB VAN DEN ELZEN 

Activity Number 

1.2 

1.2.1 

1.2.2 

1.2.3 

1.2.4 

Activity Definition 

Control activities on project 
level. 

Send project information to the I PC 

Project leader updates status of 
equipment list line to Zpro. 
This internal sales order can be 
be released without a sales 
order from I PC. 

All change requests are 
processed by the concerning 
project leader. The appropriate 
forms are released as to carry 
out the changes. 

The project team monitors the 
project progress using defined 
milestones and due dates. 
Control information is sent into 
the organisation as to manage 
the project. 

2 Execution of the project within 
PTE, all primary activities. 

2.1 Design activities. 

2.1.1 This activity involves a number 
of meetings and decisions. The 
result is the planning of the design 
and global realisation activities 
(Zpro planning & MOP). 
The Slip-SAP and higher level 
management, control these activities. A 
Zpin, a Zpqu or a Zpro eq.list line can be 
used to release a study order. A Zpro 
eq.list line (internal sales order) can be 
rejected or can trigger designers, using 
the MOP, to request manufacturing 
documentation for build. During the 
project checklists from the sections are 
used to report progress enabling project 
control activities. 

2.1 .2 Make an initial study of 
development costs as to acquire 
a budget for making the MOM. 
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Activity Name 

Make MOM 

Make MOB/POB 

Design processes 

Make FSM 

Make DSM 

Make Detailed Design 

Put Design Out to 
Contract 

Control and Archive 
Documentation 

AUTHOR 

R OB V/W DEN ELZEN 

Activity Number Activity Definition 

2.1 .3 After the study MOB the MOM can 
be made. The SPL is responsible 
for IPC acceptance of the MOM. 

2.1.4 With the MOM the final budget for 
the machine can be made in a MOB 
or POB. An accepted MOB/POB is 
needed before design activities 
can start. 

2.1.5 Design activities. (Designers use 
the RAAD documents (A-3 map) for 
answering questions about their 
designs.) 

2.1.5.1 Make Functional Specification of 
the Machine. Activity has the MOB/POB 
and specified MOM as input. If 
necessary, the quotation can be changed 
with a change quotation request. With a 
documentation request form, TPD for re
use can be obtained. 

2.1.5.2 Make the Design Specification of 
the Machine. The FSM is input of this 
activity. If necessary, a FSM change 
request can be used to change the FSM. 
With a documentation request form, TPD 
for re-use can be obtained. 

2.1.5.3 Completing TPD for M, E and S 
design. Final control of the design 
and review activities are included. 
If necessary, a FSM change request 
can be used to change the FSM. With a 
documentation request form, TPD for re
use can be obtained. The MOP will lead 
to a documentation request, which is 
used by the archive to reproduce TPD for 
realisation. 

2.1.5.4 Activities necessary for putting design 
out to contract, involves quotation 
activities and contractor selection 
activities. 

2.1 .5.5 Control TPD formally on 
completeness, use of correct 12NC's 
and versions. Archiving of the TPD. 
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Activity Name Activity Number 

Search and Reproduce 2.2 
Documentation 

Search & Reproduce UD 2.2.1 

Search & Reproduce TPD 2.2.2 

Build 2.3 

Work Preparation 2.3.1 
Realisation 

Warehouse Processes 2.3.2 

Purchasing Processes 2.3.3 

Build, Assembly & BKM 2.3.4 

Activity Definition 

Archive activities. 

Reproduce required (provisional) 
user documentation for I PC. 

Reproduce required TPD for 
manufacturing in build processes, 
for re-use in design processes and for 
the RAAD processes. 

Realisation activities. 

Make a detailed planning, based 
on the Zpro planning, for build, 
assembly and BKM processes control. 
Select which components are put out to 
contract (TPD is output) . Make a Slip
SAP for the necessary documentation for 
the realisation processes. Trigger 
warehouse and purchasing processes 
based on Zpro planning (possibly before 
TPD comes in). If necessary, adjust the 
planning after (re-)confirmation. 

All warehouse processes. 
(re-)confirmation, when component is 
available. 

All purchasing processes, including 
request for quotations and selection of 
suppliers. (Re-)confirmation, when 
components are available. Marked TPD 
and RAAD-forms come back from 
supplier for the RAAD processes. 

Build, assembly and BKM processes. 
(Re-)confirmation of due date. 
Components can be ordered with a 
purchase requisition. Marked TPD and 
RAAD forms are input for the RAAD 
processes. 

Installing, 
Commissioning & 
Running-in 

2.4 Activities carried out on location. 
Marked TPD and RAAD forms 
are input for the RAAD processes. 
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Activity Name 

Support Project 
activities. 

RAAD Processes 

Make RAAD-list 

Process RAAD-list 

Process checked 
RAAD-list 

Control and Archive 
checked TPD 

Process Code Number 
Request 

AUTHOR 

R OB vm DEN ELZEN 

Activity Number Activity Definition 

3 

3.1 

3.1.1 

3.1.2 

Activities supporting the executing 

All activities in the RAAD processes. 

Make RAAD-list of design errors 
for every designer and enter them 
in RAAD system. 

Request TPD and change design 
according to RAAD-list (when 
appropriate). Update the RAAD-list 
and send TPD to archive if all errors 
are resolved. 

3.1 .3 Enter updated RAAD-list in RAAD 
system. Send updated RAAD-list 
to designer. 

3.1 .4 Control checked TPD formally on 
use of correct 12NC's and versions. 
Archiving of the TPD. 

3.2 Assign 12NC's for design and 
central codes for standard equipment. 
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Arrow definitions: 

Arrow Name 

(Re-)confirmation 
(price and lead-time). 

Archive 

Assigned code number 
equipment 

C0001 

C0003 

C0005 

C0006 

coooa 

C0009 

C0011 

C0014 
Running-in 

Definition 

Confirmation or Reconfirmation of orders. 

Archive resources. 

12NC series for designers, Central Code for standard 

Procedure TVV-95-Q1/C0001, Make/Change Main Outlines. 

Procedure TVV-95-Q1/C0003, Industrial/Type Project. 

Procedure TVV-95-Q1/C0004, Accept sales order 

Procedure TVV-95-Q1/C0006, Quotation. 

Procedure TVV-95-Q1/C0008, Accept sales order section. 

Procedure TVV-95-Q1/C0009, Design. 

Procedure TVV-95-Q1/C0011, Build, BKM / Release. 

Procedure TVV-95-Q1/C0014, Installation, Commissioning & 

C0015 Procedure TVV-95-O1 /C0015, Purchasing. 

C0017 Procedure TVV-95-Q1/C0017, Warehousing processes. 

C0018 Procedure TVV-95-O1 /C0018, Archiving and distribution of 
TPD. 

CD Chief Designer. 

CD/SPL Chief Designer and/or Section Project Leader. 

Change form Change form initiating change. For example: sales order 
change form TVV-698-Q2/0005. The sales order is processed 
again but now with status (stamp) change request. 

Change FSM request Request for change of the FSM. 

Change quotation request Request for change of quotation. 

Change request IPC Change request on the initiative 
of the IPC. 

Checked TPD TPD after processing RAAD-list. 
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Arrow Name 

Checklists 

Chief Realisation 

Code number 
request form 

Control 

Designer 

Documentation request 
form 

DSM 

EA 

External quotation 

FSM 

Internal quotation 
change request form 

Internal quotation form 

Internal quotation 
request form 

Manufacturing 
documentation 

Marked TPD & 
RAAD form 

MO 

MOB/POB 

MOM 

MOP 

Order form 

Philips policy 
CE -norms. 

PL 

A UTHOR 

Roe vm DEN EL2EN 

Definition 

Filled out checklists confirming milestone progress. 

Realisation manager. 

Request for 12NC series for designers, Central Code for 
standard equipment. 

Information used to control projects. 

Designer responsible for specific design. 

Request for reproduction of specific documentation. 

Design Specification Machine. 

External Affairs resources. 

Quotation for IPC. 

Functional Specification Machine. 

Request change of internal quotation. 

Filled-out internal quotation request form. 

Request for quotation document. 

Documentation necessary for manufacturing (realisation). 

Marked TPD after building, installing, commissioning or 
running-in, with belonging RAAD form. 

Main Outlines. 

Machine development Budget/Process development Budget 

Main Outlines Machine. 

Control information for design processes. The Machine 
Development ('Ontwikkeling') Plan. 

Order for components in warehouse. 

Policy on Philips Level. E.g. use of 12NC, work according to 

Project leader. 
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Arrow Name 

Project information 

Project progress report 

Prov. eq. List 

PT 

Purchase Requisition 

Quality department 

Quality system 
procedures 

AAD documents 

RAAD form 

RAAD system 

RAAD-list 

Realisation team 

Rejected quotation form 

Rejected sales order 
errors). 

Request for inquiry 

Resources 

Sales order 

SAP 

SL 

SUSPUDM 

Slip-SAP 

AUTHOR 

ROB VAN DEN ELZEN 

Definition 

Project information sent by PTE to IPC or supplier. 
E.g. quotations, eq.lists, order refusal, MOM, incompleteness 
note. 

Information about the progress of a project tor project level 
management purposes. 

Provisional eq . list, in excel spreadsheet format, future use 
of SAP system possible. 

Project team, responsible people from all parties.(incl .lPC) 

Form requesting purchase. 

Quality department resources. 

Quality procedures describing activities. 

RAAD-copies for designer (A3-map). 

Blue form containing information about machine, used tor 
RAAD purposes. 

System supporting the RAAD processes. 

Document with list of errors in design(s) made by specific 
designer. 

Planning and control of realisation resources. 

Returned quotation request form. 

Returned sales order, requesting changes in an order (resolve 

Initial request from an IPC. 

All mechanisms supporting PTE project activities. 
E.g. people, databases, systems. 

The IPC accepts a quotation eq.list line(s), (with belonging 
MOM?) and returns a sales order. 

SAP system. 

Section Leader. 

Section Leader/Section Project Leader /Design Manager. 

Progress data of realisation. With list of delivery times for 
required documentation. 
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Arrow Name 

Study MOB 

Study Order 
MOB/POB activities. 

TPD 

TPD for re-use 

TPD request form 

TVR-77-94-HP-HP/D152 

UD request form 

UD/prov. UD 

Updated RAAD-list 

Zpin eq. list line 

Zpqu eq. list line 

Zpro eq. list line 
(SAP status Zpro). 

Zpro planning 

AUTHOR 

ROB VAN DEN ELZEN 

Definition 

First study of necessary budget for MOM design activities. 

Order for a study assignment for start Study MOB, MOM, 

All technical production documentation. 

TPD for re-use in design, e.g. files (CAD), documents (specs). 

Request TPD for internal use. 

MOB/POB procedures. 

Request user documentation for IPC. 

User documentation. 

Processed RAAD-list. 

Eq. list line after input of provisional equipment list information 
(project has project#, SAP status Zpin). 

Eq.list line after input of quotations (SAP status Zpqu). 

Eq.list line after input of sales order by Project leader 

Final planning of design and realisation activities (Zpro) used 
for work preparation realisation. 
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ID Task Name 

tndustn al Type Proj~t 

Project Control 

MakeMa1nOut11nes 

Make pr0\IISI0nal Eq list 

Generafi rales Oraers 

Release s\:i!es Oraer 

External Affai rs 

10 Process SAP Inquiry 

11 Make & Accept E:rternal Quotation 

12 Process Quo1a11ons 

13 

14 

15 Sect ions 

16 Accept & Mal,;e Internal Quotation 

17 Accept & Plan Act1'l1t1es 

18 Make Stuay MOB 

19 Make MOM 

20 Mak.e MOBIPOB 

21 MakeFSM 

22 Make DSM 

23 Make Deta 11eo Design 

Put Design out to Contract 

25 Process RAAD-ht 

26 Archive 

27 Archive Documentat1on 

Search & Reoroauce UD 

29 Searcn & Reproduce TPD 

Arctwe Updated Docvmentatcon 

Real isation 

32 Work P1eperal!on Realisation 

33 Warehouse 

34 Purchase 

,-,-,--+---c--,--.,------,-=c-c-- - - - - -
35 Bwla Assemt>ly & BKM 

36 Insta lling , Commiss ion ing & Runn ing -i n 

37 insta lling 

38 ComM1s s1oning 

39 

40 Quality Management 

41 Make RAAD-list 

42 Process cneckec R:AAD ,11 s1 

I Acl!vity 

I 

-1 3 4 5 6 7 8 

I DA 

t 
-♦ , 

pc 

Resources 

AR Archive 
CD Chief Designer 
CO Customer Officer 
DE Designer 
EA External Affairs 
PL Project Leader ~ 
PT Project Team 
RE Realisation 
au Quality manager 
SL Section Leader 
SPL Section Project Leader 

Iterat ive act ivity 

Philips PTE Industrial Project 
An engineeringlconver'Sion event 
9 10 11 12 13 14 15 16 17 " 

FSM DSM 

l l 

~ " __,_ 
L 
I 

I 

10 20 21 22 

AfPP 

* 

AfDM 

• 

I 
I 

23 

APC 

APCM 

+ 

t 
PA 
DA 
AfPP 
APC 
SPP 
TRE 
TR 

SPP 

t 
PTE Milestones 

TRETR t J Milestones 
PTE/BG Level 

Preparation Assignment 
Development Assignment 
Agreement for Pilot Production 
Approval for Process Commisioning 
Start Pre Production 
Transfer Release Equipment 
Transfer Release 

Df 11,ilestones PTE 
• Secti011s Level . 

Section Milestones 

MOM 
FSM 
DSM 
AfDM 
APCM 
DRM 

Main Outlines Machine 
Functional Specification Machine 
Design Specification Machine 
Approval for Delivery Machine 
Approval for Process Commissioning Machine 
Design Release Machine 
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APPENDIX D: PRECEDENCE RULES 

Top down precedence rules: 

Bottom up precedence rules: 

[I 

AUTHOR 27-08-99 

R OB VAN DEN ELZEN 
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All precedence rules: 

AUTHOR 27-08-99 PAGE 
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APPENDIX E: SUB-ACTIVITY X PROCESS INPUT MATRIX 

Functional x 
M+E+S x 
Review 

Functional x 
M+E+Sx 
Approve 

Functional x 
M+E +Sx 
Build 

Technical x 
M x 
Edit 

Technical x 
S X 

Edit 

• • • 

AUTHOR 

Analyse time 
Solve time 
error influence 
Comm. time 
Archive time 

Retr. doc. time 
Check time 
error influence 
Comm. time 
Archive time 

Retr. doc. time 
Check time 

Comm. time 

Archive time 

Retr. doc. time 

Delay time 

Archive time 

Retr. doc. time 
Anal setime 
Solve time 
error influence 
Comm. time 
Archive time 

Retr. doc. time 
Analyse time 
Solve time 
error influence 
Comm. time 
Archive time 

ROB vm DEN ELZEN 

lni 
tial Comm. 

±% 
±% 

Technology 

Tools Sharing 

±% 
±% ±% 
±% ±% 
±% ±% 
±% ±% 
±% 

rocess characteristics 

Net· Stand. 
wor1< method 

±% 
±% 

±% 
±% 

±% 
±% :to/o 

±% 

r ' 

:to/o 

:t% 
:t% 

27-08-99 

PDM functions 
Document Management Configuration Management Project/Program Management 
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Total 
time+ 
quality 
setting 
for jobs 

Total 
time+ 
quality 
setting 
for jobs 

Total 
time+ 
quality 
setting 
for 'obs 
Total 
time+ 
quality 
setting 
for 'obs 

Total 
time+ 
quality 
setting 
for jobs 

Total 
time+ 
quality 
setting 
for jobs 




