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Abstract 

ABSTRACT 

This master thesis describes the development of a simulation model with which the 
performance of a multi-company product development process can be measured in terms of 
time and costs. The model is used to visualize the effects of product data exchange on the 
product creation process. The model has been applied to the product development process 
of a printed circuit board. 
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MANAGEMENT SUMMARY 

General introduction 
- This graduation assignment has been carried out for the department "Innovation & Industrial 

Support" of Philips Centre for Industrial Technology (CFT). Philips CFT is a corporate 
department within Royal Philips Electronics. It supports the product divisions of Philips, its 
suppliers and partners and selected non-Philips customers in their business, product creation 
process and the development and design of advanced technology and production 
equipment. As a strategic partner, Philips CFT contributes to the innovative speed and 
competitive advantages of its customers and helps shape their industrial environment. The 
aim of Philips CFT is to cost-effectively improve their customers' business performance and 
helping to create new business opportunities. 

The department "Innovation & Industrial Support" (l&IS) helps its customers shaping, defining 
and maintaining their strategy. They give the strategy a solid structure in terms of road maps, 
architectures & processes etc. Furthermore they help its customers to translate their 
business strategy into action, by supporting them to decide what to do in order to ensure that 
long-term strategic plans match with short-term objectives. l&IS considers the complete 
chain from supplier to customer, suggests improvements and is a partner in the 
implementation. 

Graduation assignment 
Due to the increasing product complexity, growing competition, emerging globalization and 
stronger customer focus, cooperation within product development, design and engineering 
has become increasingly important. Organizations are aware of the fact that they need to 
look how they can exchange the product data with their sub-contractors, customers and 
suppliers more efficiently in order to improve their product development process. Therefore, 
Philips CFT supports their customers with methods and tools for a successful collaboration 
between parties. To be able to collaborate on product development, the availability of the 
corresponding product information in the right version , on the right location, in the right 
format and at the right time during the lifecycle of a product is essential. To be able to rapidly 
implement an effective data exchange and co-development process, CFT has developed an 
approach and tools that use an XML-based exchange standard (POX standard) to facilitate 
product data exchange between companies. 

In order to analyse the effect of product data exchange on a product development process, 
Philips CFT is interested in methods and tools with which product development processes 
can be modelled and effects of multi-company interactions on the product development 
process can be visualized. 

The problem which can be derived is: 

Philips CFT has a need to better understand how multi-company product 
development processes can be modelled and effects of multi-company 
interactions on the product development process can be visualized. 

From the problem statement, it can be concluded that there is a need for a method that is 
able to model the multi-company product development process. Furthermore simulation can 
be used to visualise the effects of multi-company interactions on the performance of multi
company product development processes. 
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By demonstrating the development process behaviour when multi-company interactions are 
considered this simulation will provide the potential customers with a common view on the 
behaviour of their product development process and the advantages (or disadvantages) of 
the multi-company interactions for their process. 

The following research objectives can be formulated: 

Research the performance measurement of multi-company product 
development,processes. Evaluate in what way a developed simulation model 
can be used to visualize the effects of product data exchange on the 
performance .of multi-company product development processes. 

The knowledge that is necessary or useful in order to achieve the research objectives can be 
derived from the research questions: 

1. Which performance indicators are useful to evaluate a product development process 
that is spread out over multiple companies? 

2. Which characteristics of multi-company product development processes exert 
influence on the performance of the development process? 

3. What are the requirements for a simulation model in order to be able to analyse the 
performance of multi-company product development processes? 

4. Which data has to be collected in order to execute a simulation? 
5. How can effects of parameter changes be explained in the simulation model? 
6. In what way can the simulation model be appl ied? 

Literature study 
In order to gain insight in (multi-company) product development processes, performance 
measurement, simulation and simulation models, a literature study has been conducted. This 
literature study describes multiple definitions which are used in literature to define the 
product development process. Furthermore, characteristics of product development 
processes and multi-company product development processes are described which can 
exert influence on the performance of the development process. This study also discusses 
the fact why it is difficult to measure the performance of product development processes. 
Moreover, a definition of simulation is given, the advantages and disadvantages of simulation 
are discussed and two main strategies inside the simulation domain are distinguished . 
This literature study ends up with a description of the RapidPOM simulation model; an 
existing simulation model which has been found in literature that is capable of measuring 
development process performance. 

Pilot project 
The pilot project that was conducted at Philips Medical Systems (PMS) has been used as 
case to develop the process model. The pilot project was executed to improve the exchange 
of product data during the development process of a printed circuit board between PMS and 
their Electronics Contract Manufacturer (ECM). Philips CFT, the department Innovation & 
Industrial Support in particular participated in this project by reconsidering the product 
development process. For that purpose Philips CFT developed a product data exchange 
method, to improve collaboration between companies using an XML-based exchange 
standard (POX standard) to exchange data, independent of the used platform and system. 
The POX standard provides a way to describe product content, like Bill of Materials (BoMs), 
Approved Manufacturer Lists (AMLs) and drawings in XML format. For this assignment, the 
development process of a printed circuit board between PMS and their ECM was analysed. 
Furthermore, data from the pilot project was collected and used to execute simulations. 
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Process model 
Before the simulation model can be developed, a process model has to be designed. A 
process model describes a way one can look at the (multi-company) product development 
process. The process model is based on the concept that a product development process 
can be seen as a flow of deliverables. A deliverable can be a document, like a CAD file or a 
text file for example, or a physical product that is used during the development process and 
contains information about the product that has to be developed, like a prototype for 
instance. Deliverables created during a product development process can be related to each 
other. On each deliverable, different tasks will have to be performed. When multiple 
companies are involved in the development process, tasks can be executed by engineers 
that belong to different companies. For each point in time where product data is exchanged, 
a certain amount of time will be taken as slack for transporting the deliverable from one 
engineer, that performed a task on a deliverable, to another engineer that is responsible for 
executing the next task on the same deliverable. 

The identified input variables of the process model are among others: the deliverables which 
are created during the development process, the different lifecycle phase of the deliverables, 
the tasks that have to be executed, the roles which are responsible for executing the different 
tasks, the companies which are involved, the engineers which fulfil the different roles, and 
the work time that is spent on the different tasks. 

The outputs of the model will be generated by a simulation tool, which uses the settings of 
the input variables as parameters for different simulations runs. The simulation model will 
calculate the performance of the product development process for the different settings in 
terms of time and costs. 

Simulation model 
Due to the time span of the graduation assignment, it was not possible to develop a complete 
new simulation model based on the described process model. So the decision has been 
made to change the existing RapidPDM simulation model in order to make it suitable for 
modelling the process model. The simulation model consists of a Microsoft Access file, the 
simulation tool ExSpect and a Microsoft Excel file. Before performing a simulation run, input 
variables need to be gathered to serve as input for the ExSpect simulation tool. After the 
simulation has finished, the output is exported to an Microsoft Excel file. In Excel more 
graphs can be produced and the output can be analyzed. In Excel information can be 
retrieved from the spreadsheet and graphs can be produced to visualize the effects of 
product data exchange on the performance of a product development process in terms of 
time and costs. Besides this simulation model, an alternative simulation model is presented 
which makes use of Petri-Nets to model the product development process. 

Executing scenarios 
To be able to visualize the effects of product data exchange on multi-company product 
development processes, different scenarios have been executed. These scenarios have 
been executed for three different situations, which differ from each other in terms of how 
often product data was exchanged. The scenarios themselves differ from each other with 
respect to whether or not the POX standard was used to exchange the product data, whether 
or not changes had to be made during the development process and whether or not the 
components which are needed for manufacturing were on stock. 

Conclusions and recommendations 
The simulation model has been applied to the product development process of a printed 
circuit board between Philips Medical Systems and their Electronics Contract Manufacturer. 

- V -



Philips CFT 
Centre for Industrial Technology Management Summary -------------------------

The conclusions that can be drawn are: 
• When the product development process is subject to a lot of changes and when 

components have a high risk to be out of stock, then it is recommended to involve the 
Electronics Contract Manufacturer at an early stage of the product development 
process. 

• When the product development process is a process in which hardly any changes 
have to be made and in which the components are at stock most of the time, it is 
recommended to involve the ECM at a later stage of the development process. 

• The usage of the POX standard has a positive effect on the throughput time and the 
costs in all of the situations which were considered during the execution of the 
scenarios. 

Due to the time span of the assignment, it was not possible to execute all the scenarios with 
the alternative simulation model, so only one scenario has been executed for each situation. 
The outcomes in terms of throughput times and costs of this scenario are the same as 
generated by the other simulation model. 

The recommendations that can be used for future research are: 
• The outcomes of the different scenarios which have been executed are explained , but 

they are not checked with the reality at the company. So in future research this 
validation part should be looked at in more detail. 

• In the future, the simulation model will have to change to be able to deal with 
stochastic variables. The duration of executing an activity and waiting times are the 
result of stochastic arrival and service times. Also the occurrence of iterations is 
stochastic. 

• The simulation model will have to change from a single project to a multi project 
orientation. More projects are developed at the same time. Engineers invest their time 
in more than one project, so their availabil ity for one project will reduce. 

• In the current simulation model, an engineer is only capable of performing one role. In 
practice however, an engineer can be capable of performing multiple roles. An 
engineer can be skilful at performing a role as layouter, besides the fact that he is 
capable of being a schematic developer for instance. So the simulation model has to 
change in order to deal with this. 

• During a (multi-company) product development process it can occur that within one 
deliverable lifecycle phase multiple tasks have to be executed. So in the future this 
aspect has to be researched in more detail. 

• When in the future there is a need at Philips CFT to use a simulation model in order 
to model a product development process, it is recommended to use the alternative 
simulation model, like Yasper. Together with potential customers, Philips CFT can 
model the development process of their customers with relative ease. Because this 
alternative simulation model makes use of Petri-nets to visualise the process, it 
makes discussion possible. 
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1 GENERAL INTRODUCTION 

1. 1 Introduction 

This graduation assignment has been carried out for the department "Innovation & Industrial 
Support" of Philips CFT. The subject of this assignment was a product development process 
where multiple companies were involved in. Therefore, the product development process 
between Philips Medical Systems and their Electronics Contract Manufacturer has been 
considered. This general introduction provides the reader with a profile of Philips CFT, the 
department Innovation & Industrial Support, Philips Medical Systems (PMS), their Electronics 
Contract Manufacturer (ECM) and a pilot project where Philips CFT, PMS and ECM 
participated in. 

1.2 Philips CFT 

''To create value for Philips by providing Philips, its suppliers and partners, and selected non
Philips customers with world-class global solutions in industrial development, technology and 
consultancy", this is the mission of Philips CFT. Philips' Centre for Industrial Technology 
(CFT) is a corporate department within Royal Philips Electronics. It supports the product 
divisions, its suppliers and partners and selected non-Philips customers in their business, 
product creation process and the development and design of advanced technology and 
production equipment. As a strategic partner, Philips CFT contributes to the innovative speed 
and competitive advantages of its customers and helps shape their industrial environment. 
The aim of Philips CFT is to cost-effectively improve their customers' business performance 
and helping to create new business opportunities. 

Philips CFT was founded in 1968. Nowadays, the company employs over 900 people in four 
different countries. Besides their headquarter, situated in the Netherlands, they are located in 
the USA, Hungary and Singapore. The personnel of Philips CFT mainly consists of scientist, 
which have expertise in a specific technology and are trained as consultants to advise the 
customer. Figure 1 shows the organization structure of Royal Philips Electronics. Besides the 
five product divisions, there is the technology division where Philips CFT belongs to. 

Figure 1: Organization structure of Royal Philips Electronics 

- l -
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The organization structure of Philips CFT is depicted in. figure 2. In this structure the different 
product divisions can be distinguished. Furthermore there a three lines of business {LOBs): 

• Mechatronics. In this line of business one must think of precision engineering, 
machine vision, system design & integration, machine dynamics & control, equipment 
development and mass production technology; 

• Innovation & Industrial Consultancy. This line of business can be divided into 
Innovation & Industrial Support (l&IS) and Philips Environmental Services (PES). 
PES is the Philips-wide green centre of competence and shared services 
organization. It deals with all environmental, legal, technical and communication 
issues. More about Innovation & Industrial Support can be found in the next section; 

• Technology. Technology can be divided into Process Technology and Product 
Technology. Issues concerning process technology are coating technology, forming 
patterns, forming glass and plastic forming & finishing. Issues concerning product 
technology are manufacturing test, equipment realization and integrating processes in 
equipment. 

Finance & Accounting 

Hurnan resource 

Figure 2: Organization structure of Philips CFT 

1.3 Department "Innovation & Industrial Support" 

The graduation assignment has taken place at the department "Innovation & Industrial 
Support" (1&1S). As mentioned before this department belongs to the line of business 
"Innovation & Industrial Consultancy". There are five areas of business issues for which you 
can rely on Innovation & Industrial Consultancy, namely: market-driven innovation, platform 
development for breakthrough, improving operational efficiency, industrial transformation and 
developing new business. 

Market-driven innovation 
Often it is a challenge to achieve a high innovation hit-rate; the right time to market, the right 
customer's acceptance and targeted market position. Philips CFT can help to implement the 
right processes that will bring products successfully to the market. 
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Platform development for breakthrough 
When incremental improvements no longer help to stay ahead, a new platform is required to 
achieve breakthrough results. Philips CFT can assist in creating a platform that will enable to 
reach far better results on key value drivers. 

Improving operational efficiency 
To stay ahead of competition, continuous alignment with customers' value drivers and 
harmonization of the operational processes with the market dynamics is needed. Philips CFT 
can help to improve operational efficiency and quality, as well as to improve control of the 
supply chain. 

Industrial transformation 
The effects of industrial dynamics can cause problems in cost competitiveness and socio
economics, so evolutionary or drastic actions may be required. Philips CFT can assist in 
modelling scenarios for the industrial footprint and also when factories or sites have to re
position themselves. 

Developing new business 
Existing business may be an insufficient foundation to generate sustainable or targeted 
growth. Philips CFT can assist by being a sparring partner in the process of targeting new 
business and in defining the business development process. 

The department "Innovation & Industrial Support" helps its customers shaping, defining and 
maintaining their strategy. They give the strategy a solid structure in terms of road maps, 
architectures & processes etc. Furthermore they help its customers to translate their 
business strategy into action, by supporting them to decide what to do in order to ensure that 
long-term strategic plans match with short-term objectives. l&IS considers the complete 
chain from supplier to customer, suggests improvements and is a partner in the 
implementation. 

1.4 Philips Medical Systems 

As shown in figure 1, Philips Medical Systems (PMS) is one of the product divisions of 
Philips. PMS delivers one of the world's most robust portfolios of medical systems for faster 
and more accurate diagnosis and treatment. Philips' product line includes technologies in X
ray, ultrasound, magnetic resonance, computed tomography, nuclear medicine, PET, 
radiation oncology systems, patient monitoring, information management and resuscitation 
products, as well as a range of services which include asset management, training and 
education, business consultancy, financial services and e-care business services. 

PMS has proforma sales of Euro 6.5 billion, is represented in more than 100 countries and 
employs over 22,000 people. All products are backed by Philips' worldwide network of 
research and development and sales and service organizations. 

1.5 Electronics Contract Manufacturer 

The Electronics Contract Manufacturer (ECM) establishes long-term customer partnerships 
by delivering comprehensive manufacturing services. Their goal is to achieve customer 
satisfaction through excellence in design, supply chain management, manufacturing and 
repair solutions. The ECM offers customers a broad, global network with 40 design, 
manufacturing and repair facilities worldwide. The ECM is operating in the following 
industries: automotive, computing & storage, consumer, instrumentation & medical, 
networking, peripherals and telecommunications. 
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For instance they have product experience in audio systems, climate control modules, 
mainframe computers, workstations, DVD systems, projectors, X-ray and patient monitoring 
systems. 

1. 6 Pilot project 

PMS operates in a global network with customers, developers, suppliers and subcontractors. 
During the product lifecycle, product information has to be exchanged between the different 
parties. So the product information has to be available in the right version, on the right 
location, at the right time and in the right format. Recently, PMS has selected an Electronics 
Contract Manufacturer as their future global partner for the production and assembly of its 
printed circuit boards for medical devices. 
Because a lot of product information has to be exchanged between PMS and their ECM, 
PMS wanted a "product data exchange" solution to improve the co-operation between the 
two parties. 

So a pilot project was held at PMS Best to improve the exchange of product data between 
them and their ECM. Philips CFT, the department Innovation & Industrial Support in 
particular participated in this project by reconsidering the product development process. For 
that purpose Philips CFT developed a tool with which output of a Product Data Management 
(PDM) system can be converted into a standard format called POX (Product Data 
eXchange). The POX standard provides a way to describe product content, like Bill of 
Materials (BoMs), Approved Manufacturer Lists (AMLs) and drawings in XML format. XML is 
a language which allows you to define the tags (mark-up) that you need to identify the data 
and text in XML documents. When the output of the PDM system is converted into POX 
packages, it is relatively easy to exchange these packages to other parties. 

- 4 -
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2 THE GRADUATION ASSIGNMENT 

2. 1 Introduction 

This chapter describes what, why and how much has been researched during this graduation 
assignment. In the next section the background is described to indicate in what field Philips 
CFT is working. Section 2.3 defines the problem which Philips CFT is facing. This problem 
results in research objectives and research questions, which are mentioned in section 2.4. 
The research methodology that has been used to perform this research is discussed in 
section 2.5. Finally, the last section narrows the scope of the assignment. 

2.2 Background 

Nowadays, manufacturing is increasingly accomplished by a dynamic, widespread network 
of original equipment manufacturers (OEMs), manufacturing service providers, and parts 
suppliers. Companies that design products, which have substantial electronics content, aren't 
manufacturing their own products anymore. Most of the manufacturing is done by an 
Electronic Manufacturing Service (EMS) Provider, on basis of subcontracting. The Original 
Equipment Manufacturer (OEM) who designs the product will typically only perform the final 
assembly and packaging, but in some cases even this is sub-contracted. This way of doing 
business demands high requirements of cooperation between the involved parties during the 
different phases of the product lifecycle. On the one hand, enterprises have to collaborate 
which each other to accomplish a collective objective. On the other hand they compete 
against each other in terms of cost, quality and throughput time. Besides this, every 
enterprise themselves operates in a global network with customers, suppliers and sub
contractors. 

2. 3 Problem statement 

Organizations are aware of the fact that they need to look how they can exchange the 
product data with their sub-contractors, customers and suppliers more efficient in order to 
improve their product development process. 

Therefore, Philips CFT supports the product divisions of Philips, its suppliers and partners 
and selected non-Philips customers with methods and tools for a successful collaboration 
between parties. To be able to collaborate on product development, the availability of the 
corresponding product information in the right version, on the right location, in the right 
format and at the right time during the lifecycle of a product is essential. The goal of product 
data exchange is to realise solutions to be able to exchange product information between 
companies during the product lifecycle in order to support: 

• Co-development and co-engineering ; 
• Contract manufacturing and assembly processes; 
• Installed base management and service contracting. 

To be able to rapidly implement an effective data exchange and co-development process, 
CFT has developed an approach and tools that use an XML-based exchange standard (POX 
standard) to facilitate product data exchange between companies. Supply chain partners 
benefit from this exchange standard as they are required to allocate less of their valuable 
resources to normalizing incoming product definitions and importing them into their in-house 
systems. The adoption of a standard facilitates a more automated product content exchange 
process which itself accelerates the process and also improves accuracy. 
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Accuracy problems sometimes cause delays of several days or more before the incorrect 
data is discovered and repaired. By eliminating some of these problems, product data 
exchange can significantly reduce the amount of time it takes to get new products into 
production. In today's highly competitive environment, this reduced time-to-market translates 
into increased profits for the entire supply chain. 

In order to show potential customers what the impact is of XML-based product data 
exchange on their product development process, Philips CFT is interested in methods and 
tools with which product development processes can be modelled and effects of multi
company interactions on the product development process can be visualized. 

The problem which can be derived from above is: 

Philips CFTjhas a d etter: :ffbderstahd hdWmulti1'company procJflt:t 
developme11t processes can be modelled and effects of multi-company 
inffJlJi!~ctigQ~,on tfJl! productfle~e!gpment,iroc'!:§:~ carJJf:?e vi~.,Jalized. · 

2.4 Research objective 

From the problem statement, it can be concluded that there is a need for a method that is 
able to model the multi-company product development process. Furthermore simulation can 
be used to visualise the effects of multi-company interactions on the performance of multi
company product development processes. By demonstrating the development process 
behaviour when multi-company interactions are considered this simulation will provide the 
potential customers with a common view on the behaviour of their product development 
process and the advantages (or disadvantages) of the multi-company interactions for their 
process. 

The following research objectives can be formulated: 

Research th~:perfqJ;;,man easi:iremenfof miilti.;company p UC 

development processes. valuate in what way a developed simulation model 
· alize U;ie effects of product dtJta ex£hange on the 

roduct developf,ent .pfoces es. 

The knowledge that is necessary or useful in order to achieve the research objectives can be 
derived from the research questions. 

1. Which performance indicators are useful to evaluate a product development process 
that is spread out over multiple companies? 

2. Which characteristics of multi-company product development processes exert 
influence on the performance of the development process? 

3. What are the requirements for a simulation model in order to be able to analyse the 
performance of multi-company product development processes? 

4. Which data has to be collected in order to execute a simulation? 
5. How can effects of parameter changes be explained in the simulation model? 
6. In what way can the simulation model be applied? 
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2.5 Research Methodology 

The research methodology is based upon the phases in simulation model development 
distinguished by [Van der Aalst, 1995]. The distinguished phases are depicted in figure 3. 

Problem 
Statement 

'---.i Conceptual Model 14-----, 

modelling 

.__ ___ Executable Model ---~ 

realising 

'---+I Validated Model --~ 
Verifying and 

validating 

'---.i•Simulation Results--~ 

I 
experimenting 

Figure 3: Phases of simulation model development 

interpreting 

Answers 
Solutions 

First of all, the problem statement was defined which led to the research objectives and 
research questions. Furthermore, the scope of the research was narrowed. Next, the 
conceptual model was designed, which is a process model of a multi-company product 
development process. The activities performed to design the process model are a literature 
study about (multi-company) product development processes, product data exchange, 
performance measurement and simulation. Furthermore interviews with experts were 
conducted and the pilot project which was performed at Philips Medical Systems by Philips 
CFT was analysed. The process model was used to develop the executable model, which is 
a simulation model in the simulation package ExSpect. More information about the 
executable model is defined in [Van de Pol, 2005]. When parts of the simulation model were 
ready, these parts were verified. The research period was too short to validate the model in 
detail. In order to get simulation results that are representative to a certain extent, the 
experiments that were executed with the simulation model were based on data derived from 
the pilot project combined with assumptions about the development process. The simulation 
results were interpreted and based on this, conclusions were drawn about the effect of 
product data exchange on the performance of a multi-company product development 
process. 

Iterations between the phases mentioned above have taken place. When new ideas for the 
conceptual model were identified, the simulation model was updated as well. The 
development of the simulation model and the verification of the model were performed 
concurrently as well. 



2. 6 Narrowing the assignment scope 

This graduation assignment has its focus on the development of a simulation model that is 
able to visualize the effects product data exchange can have on the multi-company product 
development process. It does not discuss the advantages a PDM system can have for a 
specific company. How the PDM system is used internally by PMS and their ECM is left 
outside the scope of this assignment. 

Because the ECM is located outside the Netherlands, it is not possible to visit them for 
analysing the product development process between them and PMS from their point of view. 
So, when data has to be collected, this has to be done at PMS. Therefore, this assignment 
has its focus on the product development process from the point of view of PMS. The exact 
details about the ECM are left outside the scope of the assignment. 
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3 LITERATURE STUDY 

3. 1 Introduction 

This chapter presents the results of the literature study. This literature study was conducted 
in order to gain insight in (multi-company) product development processes, performance 
measurement, simulation and simulation models. Section 3.2 describes the multi-company 
product development process. The product development process is defined and some 
characteristics of the product development process and the multi-company product 
development process are discussed . In section 3.3 is stated why it is difficult to measure the 
performance of a product development process. Furthermore some findings about 
performance indicators are mentioned. Section 3.4 is about simulation. A definition of 
simulation is given, the advantages and disadvantages are mentioned and two main 
strategies inside the simulation domain are described. Finally, section 3.5 describes a 
simulation model which can be used to measure the performance of a product development 
process. 

3.2 Multi-company product development process 

3.2.1 Product development 

In literature the term product development is widely used, but there are also many other 
terms used to describe the same process like design and engineering design, for example. 
To be able to measure the performance of a product development process, definitions of the 
used terms are needed. 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. ' 

Wallace (1990) defines engineering design as: 

' ... the process of converting an idea or market need into the detailed information from which 
a product or system can be produced. ' 

De Graaf (1996) accumulates these definitions into the following definition of product 
development: 

'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. ' 

Ulrich & Eppinger (2000) define product development as: 

' ... the set of activities beginning with the perception of a market opportunity and ending in the 
production, sale and delivery of a product. ' 

When looking at these definitions an important remark is made by [Goes, 2002). Even when 
the same term is used and defined there are differences in the output of the product 
development process. While De Graaf focuses on product development as a sequence of 
design processes generating product information, Ulrich & Eppinger also include the physical 
creation of the product. 

- 9 -
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According to [Trott, 1998], the design and physical creation of a product are often different, 
separated processes which can make it difficult to measure a product development process. 
This research therefore focuses on product development as a sequence of activities which 
generate product information. 

In the research objective the following phrase is used: "Research the performance 
measurement of multi-company product development processes. " The term product 
development is explained, but what is meant by multi-company product development 
processes? This means that product development involves more than one company. So the 
activities which generate the product information are no longer executed inside one 
company, but external companies can be responsible for the execution of this activities. 

3.2.2 Characteristics of product development processes 

Although different companies use different product development processes in order to 
develop their product, all these development processes have some characteristics in 
common. Some of these characteristics are mentioned below. 

Uncertainty [Helms, 2002] 
At the start of a project assumptions are made about customer requirements, about demand 
etc. Uncertainty comes to the surface when there are changes or unforeseen events, like 
changing customer requirements , lower demand or new materials that become available. 
Changes or events can lead to iterations in the product development process. 

Iterations [Helms, 2002] 
Two types of iterations are identified by Clausing ( 1994 ); creative iteration and dysfunctional 
iteration. Creative iteration implies that several iterations are required to conceive an idea, 
consider it from all perspectives instantaneously, and draw the final design. During the 
iterations the idea slowly evolves to the final design. Dysfunctional iteration involves amongst 
others the stream of changes caused by problems regarding the manufacturability and 
maintainability of the product or by additional customer requirements . Consequently 
designers and engineers have to revise their work and that takes time. 

Interdisciplinary and complex [Ulrich & Eppinger, 2000] 
Product development is an interdisciplinary activity requiring contributions from nearly all 
functions of a firm. The functions that are almost always central to a product development 
project are design, manufacturing, marketing and sales. Because of the many tasks that 
have to be completed and the many disciplines involved , product development is a complex 
process. 

Waiting queues [Helms, 2002] 
During a product development process documents have to be assigned to engineers. If no 
engineer is available when a document arrives, it will be placed in a waiting queue. The 
document waits in the queue till it gets assigned to an engineer. Once the document is 
assigned to an engineer it is once again placed in a waiting queue. In a development process 
engineers are assigned to more projects. This means that engineers divide their efforts 
between the different projects. So they aren 't always able to work on documents in the order 
they arrive. When an engineer finished working on a document, the next document is picked 
out the queue. 

Concurrent engineering [Terwiesch and Loch, 1998] 
Concurrent engineering (CE) is an important trend in product development that arose over 
the last decade. This term essentially refers to the coordination and integration of separate 
development activities arising from the subdivision of complex design problems into smaller 

1 (\ 
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activities. A key operational characteristic of concurrent product development is a high level 
of process parallelism, which is also referred to as simultaneous engineering. 

Stochastic variables [Limam, 2001] 
A product development process is affected by stochastic variables. The duration of executing 
an activity and waiting times are the result of stochastic arrival and service times. Also the 
occurrence of iterations is stochastic. The time that is needed to carry out an activity, the 
waiting time or the occurrence of iterations aren't constant factors, which can be determined 
exactly, but they are variables with a certain distribution of probability. This characteristic 
doesn't apply specifically for development processes, but it is a characteristic which applies 
for most processes and systems. 

These characteristics of product development processes influence the product development 
process. When measuring the performance of a product development process, these 
characteristics have to be taken into account. 

Besides these general characteristics, multi-company product development processes can 
have other characteristics which are specific for product development processes where more 
than one company is involved. The next section describes these characteristics. 

3.2.3 Characteristics of multi-company product development processes 

When multiple companies are involved in the product development process the 
characteristics described in the previous section are likely to be intensified. For instance, 
when dealing with multiple companies the development process is not only affected by the 
waiting queues at one company, but also by the waiting queues that arise at the other 
involved companies. In the previous section it is stated that because of the many tasks and 
disciplines that are involved, the development process is a complex process. One can 
imagine that this process becomes even more complex when also tasks en disciplines of 
other involved companies have taken into account. 

When multiple companies are involved in the development process of a product, the involved 
parties must be able to collaborate on development. According to [ORM Associates, 2001], 
collaboration is the basis for bringing together the knowledge, experiences and skills of 
multiple team members to contribute to the development of a new product more effectively 
than individual team members performing their narrow tasks in support of product 
development. Effective collaboration requires actions on multiple fronts: 

• Early involvement and the availability of resources to effectively collaborate; 
• A culture that encourages teamwork, cooperation and collaboration; 
• Effective teamwork and team member cooperation; 
• A defined product development process based on early sharing of information and 

collaboration; 
• Collaboration technology; 

To support collaboration there are a number of collaboration tools and product data 
exchange standards. 

Collaboration tools 
There is a variety of tools and technologies to facilitate communication and collaboration. 
Collaboration can happen synchronously where all participants view information and/or meet 
at the same time or asynchronously where participants view information and provide 
feedback at different points in time. 

- 11 -
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Tools and technologies which facilitate synchronously collaboration include: 
• Teleconferencing and videoconferencing; 
• CAD collaboration sessions. 

Asynchronously collaboration is facilitated by the following tools and technologies: 
• Email exchange of drawings, models and project information; 
• Project hosting tools to create one pool of all released project documentation, with 

email alerts for updates; 
• Drawing viewing sites (intranet and web-based) with view and mark-up capabilities; 
• Product data management. 

Product data exchange 
When multiple parties collaborate on product development, product data has to be available 
in the right version, on the right location and in the right format. The goal of product data 
exchange is to provide an effective solution for the communication between business 
partners. Literature is full of standards which are developed to make it easier to exchange 
data between partners. For instance, STEP, the Standard for the Exchange of Product Model 
Data, is a comprehensive ISO standard (ISO 10303) that describes how to represent and 
exchange digital product information [Steptools, 2004]. Another standard which is mentioned 
in literature is POX. The POX standardization effort is focused on the problem of 
communicating product content information between OEMs, EMS providers and component 
suppliers. The standard is based on XML, which provides a simple yet powerful and flexible 
way to encode structured data into a format that is both human and machine-readable. The 
POX standard provides a way to describe product content like Bill of Materials (BOMs), 
Approved Manufacturer Lists (AMLs) and drawings [POX Standard Group, 2004]. 

Little analysis however is done on the field of when to exchange product data instead of how 
to exchange it. One can imagine that how often product data is exchanged can affect the 
performance of the product development process. 

3.3 Performance 

3.3.1 Why is it difficult to measure performance? 

Most of the work done on measuring performance has focused on manufacturing 
performance. Despite its central role in competition , there has been little analysis of product 
development. Existing measurement tools focus very much on the macro/strategic level with 
minimal involvement from the designers and developers of the products. The currently 
available tools and techniques to assist in controlling product development activities, such as 
Readiness Assessment for Concurrent Engineering (RACE), Quality Function Deployment 
(QFD) and the balanced scorecard are only used on some parts of the product development 
process [Pawar, Driva, 1999]. They aren't suitable to measure the process performance 
during the development process. During the development process there is a need for a tool 
that is able to visualize the course of the performance during the process. 

Why is it so hard to measure the process performance during the development process? 
This is attributable in part to the absence of information, and in part to the inherent difficulty 
of measuring a complex process [Clark, Fujimoto, 1991]. As mentioned in section 3.2.2, 
product development processes are characterized by iterations, waiting queues, uncertainty, 
concurrent engineering and complexity. These characteristics make the development 
process unique and therefore it is difficult to compare them with each other. So, in order to 
measure the performance of a development process one must be able model the product 
development process, taking these characteristics into consideration. 

- 12 -
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If the product development process is rather simple, analytical models can be used to model 
the product development process. But when dealing with complex product development 
processes with many iterations, waiting queues, complex products and concurrent 
engineering activities, it becomes somewhat impossible to use analytical models. In this case 
simulation can be useful. Section 3.4 is about simulation. 

3.3.2 Performance indicators 

According to [Vrolijk et al., 2003], a performance indicator shows a quantitative 
representation of a certain aspect of a system or environment, which can be used to 
measure performance. The usage of performance indicators can have the following 
advantages: 

• Indicators are of importance to make subjects negotiable. In general, indicators can 
accomplish a discussion between people, which have different backgrounds and 
different views on the object, because it is clear what the definitions of the topic of 
the conversation are; 

• Indicators make it possible to relate and compare definitions; 
• When a indicator is reproducible, thus when it is possible to produce a measurement, 

which expresses the same quantity at different moments in time, it is possible to 
track developments over time. 

To be able to check whether the performance indicators fulfil the task that is desired, criteria 
have been formulated . In order to develop effective performance indicators, they must be 
robust, measurable, simple, valid, relevant, reliable and complete. 

According to [ORM Associates, 2001], indicators are needed to understand the level of 
process performance. They are needed to set goals and measure the trend and rate of 
improvement. Proper indicators need to be selected. Improper indicators can require 
significant effort to collect data and develop without providing meaningful information of any 
real benefit. According to [ORM Associates, 2001], criteria for effective indicators are: 

• Keep them simple; 
• Keep them to a minimum; 
• Base them on business objectives and the business process - avoid those that cause 

dysfunctional behaviour; 
• Keep them practical - avoid metrics that require significant additional data collection 

and effort. 

The choice of performance indicators depends on the type of product development process 
and on the key objectives of this process. It is likely that a software development project 
which focuses on high quality products needs different indicators than a mechanical 
development project which focuses on low product costs, because they have different 
objectives [Reinertsen, 1997]. [Reinertsen, 1997] have divided the performance indicators 
into two levels: 

1. Business level; cross-project indicators on the level of the overall business. These 
indicators measure the functioning of the overall product development process such 
as product development spending as a percentage of revenue and percentage of 
projects that meet or exceed goals. 

2. Project level; project specific indicators measuring the performance of one specific 
project such as time to market and development project costs. 
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[ORM Associates, 2001] distinguishes four basic types of indicators for product development: 

1. Process indicators; short-term indicators that measure the effectiveness of the 
product development process and can be used to predict program and product 
performance. Turnover rate or errors per 1,000 lines of code for instance. 

2. Program/project indicators; medium-term indicators that measure effectiveness in 
executing the development program/project such as the schedule performance or 
program/project cost performance. 

3. Product indicators; medium-term indicators that measure effectiveness in meeting 
product objectives like mean time between failure or unit production costs for 
instance. 

4. Enterprise indicators; longer term indicators that measure the effectiveness of the 
enterprise. For instance, breakeven time or the average engineering change cycle 
time. 

3.4 Simulation 

3.4.1 Definition 

Simulation is the process of designing a model of a real system or process and conducting 
experiments with that model. If the system or process is simple, the model may be 
represented and solved analytically. However, problems of interest in the real world are 
usually much more complex than this. In fact, they may be so complex that a simple 
mathematical model cannot be constructed to represent them. In this case, the behaviour of 
the system or process must be estimated with a simulation. Simulation is used to understand 
the behaviour of the system or process, to improve it and to predict performance / outcomes 
of the system or process. 

3.4.2 Advantages and disadvantages 

Simulation is a flexible analysis technique that can be used to answer all kinds of questions 
and is quite easy to understand. Simulation is a useful tool for answering the "what-if' 
questions in order to (re) design systems or processes. However, when conducting a 
simulation , certain limitations must be acknowledged. Primary among these is the ability to 
create a model that accurately represents the system or process to be simulated. Real world 
systems and processes are extremely complex and a determination must be made about the 
details that will be captured in the model. Some details must be omitted and their effects lost 
or aggregated into other variables that are included in the model. In both cases, an 
inaccuracy has been introduced and the ramifications of this must be evaluated and 
accepted by the model developers. Another limitation is the availability of data for describing 
the behaviour of the system or process. It is common for a model to require input data that is 
scarce or unavailable. This issue must be addressed prior to the design of the model to 
minimize its impact once the model is completed. 

3.4.3 Two main strategies: continuous and discrete modelling 

According to [Andersson et al. , 2002, Martin & Raffo] there are two main strategies in the 
simulation domain: continuous and discrete modelling . The continuous simulation technique 
is based on system dynamics and is mostly used to model the project environment 
[Andersson et al, 2002]. Continuous simulation concerns the modelling over time of a system 
by a representation in which the state variable changes continuously with respect to time 
[Liman, 2001]. Continuous modelling can be valuable in finding the levels where a model can 
become unstable, or in predicting the unanticipated side effects of a change in a system 
variable [Martin & Raffo]. 
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Discrete models refer to the group of models in which time advances because a discrete 
event occurs. Since nothing of importance happens between the events, the model can 
advance the simulation clock from event to event with no loss of information. This type of 
model is efficient and particularly appealing when the process is viewed as a sequence of 
activities. A discrete model is also able to represent the interdependence that occurs 
between activities in a project. 

3.5 RapidPDM simulation model 

Because little research has been done on the performance measurement of product 
development processes (§ 3.3.1) there aren't much existing simulation models available 
which are able to measure the performance of a product development process. The only 
model found in literature that is capable of measuring development process performance is 
the RapidPDM simulation model. 

3.5.1 Principles of the RapidPDM simulation model 

The simulation model that was developed for the RapidPDM project [Coolen, 2000] is based 
on the concept that the product development processes can be described as a flow of 
documents. In comparison with manufacturing processes, which produce physical products, 
product development processes create documents. These documents contain information 
about the product development process, and can be collected and analysed in a structured 
way. 

The documents, for example drawings, text files or CAD files, describe (physical) products. 
On each document different operations have to be performed. During these operations 
documents are in a certain phase, which are called document life cycle phases. When an 
operation on a document is completed it will enable the next operation on this document. The 
applied operations and document life cycle phases can differ between firms. 

The documents created during a product development process can be related to each other. 
The precedence rules [Coolen, 2000] define these relations between documents. A 
document is said to precede another document, if it serves as input for the creation of this 
document. If design activities are carried out in parallel ( design activities on a document start 
before the design activities on its preceding documents are completely finished), design 
concurrent engineering is used. 

Besides the operations, life cycle phases, and precedence rules, other attributes can be 
connected to documents. For example the design time needed to complete the document, 
the release date, and the amount of re-used components. Using this approach the product 
development process and its most important characteristics are described by the flow of 
documents and its attributes. This flow of documents can be used for measuring the 
performance of the product development process. 

3.5.2 Simulation model 

This section discusses the most important characteristics of the RapidPDM simulation model. 
For complete and detailed information about the simulation model see the graduation report 
of Coolen (2000). 

Three types of variables related to the simulation model can be distinguished: 
• Environmental variables 
• Control variables 
• Output variables 
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Environmental variables are constants that have to be set before running different simulation 
runs. These variables have to be known to determine the behaviour of the model and stay 
constant when simulating a certain process at a certain firm. 

Control variables are the variables that can be chosen freely before executing a simulation 
run. The objective of the simulation model is to show the effects of these variables on the 
performance of a product development process. 

Output variables are the variables of which the value is computed by simulation. These are 
the performance indicators of the model. With these results several graphs can be produced 
that show the performance of the project. 

The simulation model can be used to measure the performance of the product development 
process and to show possible improvements. The simulation model determines the 
performance of a product development process in terms of time, costs and quality. 

Time 
The lead-time of a product development process is calculated by the simulation model. The 
lead-time of an individual document can be split in actual design time and waiting time. 

Costs 
The costs of a product development process are measured by calculating the used design 
capacity per engineer. In other words, the costs of the work-hours necessary to complete a 
project. 

Quality 
The number of remaining errors in the documents after complete specification, expresses the 
quality of the product development process. 

As mentioned in section 3.5.1, the simulation model is based upon the concept that product 
development can be described as a flow of documents. The simulation model generates the 
flow of documents from the product structure. For each element in the product structure a 
document is created. However it is also possible for users of the simulation model to 
manually define the flow of documents or change the generated flow of documents. For each 
document important characteristics are defined, like the lifecycle phases, the document 
complexity (design time needed to complete the document), the division of the document's 
complexity over the life cycle phases and the precedence relations that exist between the 
different documents. After the flow of documents is generated by the simulation model or 
defined by the user, it is used as input for the simulation model. The flow of documents (with 
their characteristics) together with information about the available engineers are the 
environmental variables which stay constant during the simulation of a process. 

The 'minimum phase difference' describes the degree of concurrent engineering, which is 
used during the development process. Every precedence relation between documents is 
given a 'minimum phase difference'. If for example the product development process 
consists of four documents where document one precedes document two and three and 
document three precedes document four, the effect of the minimum phase difference is 
described in figure 4. 

A high level of concurrent engineering leads to a reduction of total lead-time, but it might also 
lead to more rework. If at a certain moment changes need to be made to a document; it may 
trigger descending documents that need to be changed as well. This is called propagation. 
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With propagation one can describe whether or not changes made to a predecessor 
document influence the descending document. 

Minimum phase difference = 0 

D Phase1 

D Phase2 

1 '-----'--' 
2 ~1-~ 
3 '---~~ 
4 ~ -~ 

Minimum phase difference = 1 

~ ~I __ _,_I ~ I 

4 

Figure 4: Minimum phase difference 

The simulation model offers five control variables; search time, post time, re-use level , re-use 
percentage and minimum phase difference. The level of this control variables can be 
adapted freely by the user before executing a simulation run. 

Flow of 
Documents 

... Simulation 
odel 

D 
Level of control variables 

• Search time 
• Post time 
• Re-use 
• Re-use percentage 
• Minimum phase difference 

... 
Performance 

graphs 

Figure 5: Product development simulation and performance measuring [Goes, 2002] 

The simulation model simulates a product development process using the flow of documents 
and the levels of these control variables. The simulation model visualises the performance of 
the simulated product development process using performance graphs (see figure 5). 
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4 PILOT PROJECT 

4. 1 Introduction 

The pilot project that was held at Philips Medical Systems (PMS), to improve the exchange of 
product data between PMS and their Electronics Contract Manufacturer (ECM), has been 
used as case to develop the process model. Section 4.2 describes the product that is 
developed and manufactured by PMS and their ECM. The data that has to be created during 
the product creation process is discussed in section 4.3. Section 4.4 describes the different 
phases of the product creation process of the product. Section 4.5 describes in what way 
changes are handled. Finally, the reasons for executing this pilot project are discussed in 
section 4.6. 

4.2 The product 

As mentioned in section 1.4, Philips Medical Systems delivers one of the world's most robust 
portfolios of medical devices for faster and more accurate diagnosis and treatment. One can 
imagine that a lot of different parts are used to construct these medical systems. These 
parts, in turn, consist of many components. One of the components of such a system is a 
printed circuit board. An example of a printed circuit board is depicted in figure 6. 

Figure 6: A printed circuit board 

Philips Medical System has selected an Electronics Contract Manufacturer for the production 
and assembly of its printed circuit boards for medical devices. The next section discusses the 
set of data that is required to manufacture such a printed circuit board (PCB). 

4.3 Data structure of printed circuit board assembly 

Before a printed circuit board can be manufactured, a set of data has to be created which 
contains all important information regarding the printed circuit board. Figure 7 depicts this set 
of data. This set of data is created during the product creation process that is described in 
section 4.4. 
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Figure 7: Data structure of printed circuit board assembly 

The design of a printed circuit board assembly (PCBA) consists of a number of documents. 
The most important are mentioned in figure 7. These documents are explained here. 

1305 
The 1305 document is the Design TPD Document. It consists of the following files: 

• Schematic drawing; a file depicting the components that are used and the electrical 
circuits that have to be build . See appendix 2 for a fictional example; 

• Layout drawing; a file which depicts the physical layout of the printed circuit board 
describing the components and the connections between them. It also describes the 
dimensions of the board. A fictional example if given in appendix 3; 

• ODB++ file; this file contains the data that is required by the ECM to adjust their 
machines; 

• Netlist; the netlist indicates the connections between the components; 
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• Boundary scan; this file is needed to be able to perform visual checks during the 
production of the board. 

Audit file 
The audit file contains information which is needed by the ECM. Information about the 
printed circuit board assembly like; the identification-number of the PCBA, the name of the 
assembly, the identification-number of the bare board, the dimensions of this bare board, the 
number of prototypes that have to be made and which tests have to be performed on the 
board. Furthermore it contains information about the project itself like; the members of the 
project team and the overall planning of the project. 

1101 
The 1101 is the Mechanical TPD Document. It contains a drawing displaying the mechanical 
components that are on the printed circuit board assembly. For every mechanical part on the 
printed circuit board assembly, a mechanical drawing is made. See appendix 4 for an 
fictional example of an mechanical drawing. 

1610 
This is the Electrical Requirement TPD Document. It contains an electrical requirements 
sheet (demand sheet), which describes the requirements to which the PCBA must comply. 
Requirements such as the required input voltage of the connection and adjustments of the 
temperature. 

Bill of Materials (BOM) 
In figure 7, the bill of materials is depicted as a document, but actually a BOM isn't a 
document, but a structure in the PDM system which indicates the components that are 
needed to manufacture the PCBA. Besides the electrical components ( catalogue 
components) and the mechanical components, it contains information about the bare board, 
the wiring and the programmed IC's that have been used in the schematic and mechanical 
drawings. In figure 7 is depicted, for instance, that a mechanical component itself can be 
described by a mechanical drawing (1101) and can have a own BOM, describing which 
components the mechanical component consist of. 

Approved Manufacturer List (AML) 
In order to guarantee the quality of the components, PMS sends an AML to their ECM. This 
is a list which contains the manufacturers that have been approved by PMS to supply the 
components or products to the ECM. 

Change proposals 
From the early stages of development until the end of production of a product, changes will 
occur. The change proposals are reflecting all the changes that occurred during this period. 
When changes occur, new versions of articles and the accompanying documents will appear. 
The occurrence of changes and versions is discussed in section 4.5 

4.4 Product creation process 

When new printed circuit board are created the creation process goes trough the following 
five phases: net phase, placement phase, prototype phase, release phase and maintenance 
phase. During the different phases, several activities have to be performed in order to 
acquire the data set that is discussed in the previous section. This section describes these 
different phases and the activities that have to be performed. 
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Net phase 
In the net phase, the schematic design and when needed, the mechanical designs are 
prepared. During this phase key components are selected. This selection is based on the 
availability (quantity and timing) on the short term and on the long term (obsolescence). 
Furthermore cost aspects and component policy are taken in consideration. 

During this phase input from the Electronics Contract Manufacturer (ECM) is required on the 
components. The ECM gives information about the availability and cost price of the different 
components. When the availability of the components can't be granted, the ECM can come 
with proposals for alternative components. The input from the ECM can cause changes with 
respect to the Bill of Material (BOM) and the design drawings. So, when needed, these are 
updated. See appendix 5 for a detailed overview of the activities that are performed during 
this phase. 

Placement phase 
During the placement phase, the design of the physical board is started. First, the 
components will be placed on the board. After placement, the routing will be made. 

In this placement phase, input form the manufacturer is required regarding the manufacturing 
aspects (placement and testing requirements for example) of the physical board. For this 
purpose, a design-for-manufacturability analysis (DFM analysis) is performed. This analysis 
can be used to update the physical design. See appendix 6 for a detailed overview of this 
phase. 

Prototype phase 
During this phase, the first prototypes are build by the ECM. The ECM will build these 
prototypes based on a formally approved data set of PCB manufacturing data. Philips 
Medical System uses these prototypes to perform tests. They perform tests, regarding the 
software that is on the PCB, for example. Furthermore, PMS writes down the requirements 
on which the PCBA has to comply. Based on the results obtained during the prototype 
phase, change requests may be proposed. The requests are leading to new revisions of the 
PCB and/or PCBA design. A more detailed overview of this phase is depicted in appendix 7. 

Release phase 
The goal of the release phase is finalising the design and distributing released product data 
for manufacturing to the ECM. After receiving the released product data, the ECM processes 
this information and acknowledges Medical Systems that it is ready to receive orders. Issues, 
that occurred while processing the data are reported, potentially resulting in new released 
product data being distributed. Appendix 8 depicts the activities that are performed during 
this phase. 

Maintenance phase 
When product development has finished its activities, the product enters the maintenance 
phase. This phase comprises regular production activities for active products on the market 
and for service (spare parts). The maintenance phase of a PCB ends when it becomes 
obsolete. This means that it is no longer being produced for incorporation in new built 
products or for spare parts. 
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4.5 Change control 

During the different stages of the development process, changes occur. This includes the 
stage where no regular production takes place anymore, but only spare parts for service 
have to be produced. This section describes the changes that can occur and the way new 
versions are created as a result of these changes. 

4.5.1 Changes 

A change can take several forms; each form is communicated and handled in a different 
way. One can distinguish an Approved Manufacturer List (AML) change and a Engineering 
Change Request (ECR). 

AML change 
At any time PMS may decide to adapt the AML. This can be the case if a supplier withdraws 
a component from the market. Such information is received by the ECM and communicated 
to PMS. It is also possible that the information is directly received by PMS from the suppler. 

Engineering Change Request 
An ECR starts with an impact analysis by the ECM. Based on the result of this analysis one 
of the following options will be chosen: 

• Change on PCB(A) level: If the change concerns a single board, the design of 
only that board is affected. The problem will be addressed as if it were a design 
change, i.e. by selecting another component. 

• Overall component change: All occurrences of a component on different 
assembled boards will be changed by a single "overall replacement" decision. 

• End-of-life stock: Components are being bought and stored in stock to last the 
entire lifecycle of the boards in which these components are being used. 

Because most changes that appear during a development process concern only a single 
board, the ECR with regard to a change on PCB(A) level is discussed in more detail. 
In figure 8 the activities that have to be executed for a change on a PCB(A) level are 
depicted. 

Start 
PMS ECM 

Request for impact analysis Perform impact 
1--- -----+--+---+------- -+--+--__, analysis 

Design change 

Generate new 
POX package 

Result of impact analysis 

Complete PDX + change info 

Confirmation 

Figure 8: Change on PCB(A) level 

Change internal 
documentation 
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4.5.2 Versions 

At Philips Medical Systems articles, like the PCBA for instance, and documents are identified 
by a 12-digit code number and a revision. The last digit of this 12-digit code number and the 
revision are used to indicate the version of the article and documents. When a change 
occurs, the impact of this change has to be determined. 

The impact of the change can be divided in: 
• Clerical change: This change implies that small errors are removed from a document, 

the old version of the document isn't retained. The 12-digit code number and the 
revision .don't change; 

• Low-level change: The change doesn't cause changes regarding form, function and 
fit of the product. So the user isn't conscious of the change. The 12-digit code number 
doesn't change, but to indicate that something has changed, the revision is changed. 

• High-level change: When the user has to be conscious of the change, there a two 
options: 

■ The article that has been changed, replaces the previous version in all 
applications. In this case, the last digit of the 12-digit code number of the 
article and accompanying documents is raised by one. 

■ In case, the article that has been changed exists next to the previous 
version, the article is assigned a new 12-digit code number, with number 
one as last digit. 

4. 6 Why the pilot project? 

The product creation process described in section 4.4 and the way changes are handled, as 
described in section 4.5, are the result of the improvements that Philips CFT has 
implemented. Before the process had been improved, different problems, with respect to the 
exchange of product data, were encountered by PMS and their ECM (§ 4.6.1 ). The goals that 
were formulated for the pilot project are mentioned in section 4.6.2. Section 4.6.3 describes 
POX as solution for the problems. Finally the results of the pilot project are discussed in 
section 4.6.4. 

4.6.1 Problems with product data exchange 

The problem areas that were identified were: 
• Product package content was inconsistent in failing to meet the ECM requirements / 

deliverables; 
• Data was supplied in formats that were not compatible to be directly imported to the 

PDM system of the ECM; 
• Changes were not communicated accurately; 
• Component sourcing data was not communicated consistently with product data. 

4.6.2 Goals of the pilot project 

The goal that Philips Medical Systems wanted to achieve was the following : 

"Many hours were spent on data exchange and suppliers regularly complained about 
incomplete or inconsistent sets of data provided to them. A professional interface to the 
supplier was required that allowed efficient interaction between PMS and their ECM." 

The Electronics Contract Manufacturer wanted to achieve the following goal: 

'The ECM is working for multiple customers. There were customers that offered their product 
data trough one single channel , following one single way of working, while other customers 
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transferred their data in multiple different ways. For the ECM, it would be much easier if at 
least each customer would have a standard way of providing the product data, since for each 
transfer method different working methods and tools had to be maintained." 

To be able to solve the problems mentioned in the previous section, Philips CFT formulated 
the following pilot goals: 

• 

• 

• 

• 

4.6.3 

Minimize disturbances due to transfer problems by improving the quality of 
exchanged product data and an agreed way of working; 
Save time and reduce errors by easy creation and transferring product data packages 
from the existing product data management systems and transferring product data 
that can be directly imported in the systems of the receiving party; 
Include AML, so that the supplier is not required to manually look-up component 
information in the component database of PMS; 
Limited costs and throughput time for implementation . 

PDX as solution 

As mentioned in section 3.2.3, POX is of standard which is developed to make it easier to 
exchange data between partners. POX is the Product Data eXchange standard for the e
supply chain [POX Standard Group, 2004]. The POX standardization effort is focussed on the 
problem of communicating product content information between OEMs, EMS providers and 
component suppliers [POX Standard Group, 2004]. The possible advantages that POX could 
have for PMS and ECM were the following: 

• Improvement of efficiency: 
■ Reduced data processing time; 
■ Reduction in resources used to import incoming product data to in-house 

systems; 
■ Minimized manual processing, eliminating the opportunity for errors; 
■ Repeatable and measurable processes using standardised data set. 

• Consistency: 
■ Common data language, interchangeable between any organization; 
■ One standard package containing all data related to the product; 
■ System synchronization. 

4.6.4 Results of the pilot project 

By using POX as standard for exchanging product related data the following results were 
achieved: 

• Time was saved for data import using POX package; 
• Product data was synchronized; 
• AML integrity and availability; 
• Standardised TPD content resulted in reduction in missing data; 
• Reduction in disturbances caused by missing or mis-interpreted data. 
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5 PROCESS MODEL 

5. 1 Introduction 

This chapter describes the process model; a way one can look at the multi-company product 
development process. This process model has been derived from experiences gained during 
the analysis of the pilot project and findings of the literature study. Section 5,2 gives a 
description of the process model. The input variables of the process model are described in 
section 5.3. The output of the process model is discussed in section 5.4. The process model 
will be used as foundation for the simulation model described in Chapter 6. 

5.2 Process model 

5.2.1 Deliverables 

As mentioned earlier, this research focuses on product development as a sequence of 
activities which generate product information. This product information can be described in 
documents, like CAD files of text files. Activities however, can also generate physical 
products, like prototypes. A prototype, for example, is used to perform tests during 
development. So, when an activity has been carried out, the result is either a document 
containing information that describes the product, or a physical product that is used during 
the development process and contains information about the product that has to be 
developed. Instead of speaking of documents and physical products, the term deliverable is 
used. 

5.2.2 Lifecycle of deliverables 

On each deliverable, different tasks will have to be performed. During these tasks, 
deliverables are in a certain phase, which are called deliverable lifecycle phases. When a 
task on a deliverable is completed this will enable the execution of the next task on this 
deliverable. The applied tasks and deliverable lifecycle phases can differ between 
companies. An example of a deliverable lifecycle phase is depicted in figure 9. 

Tasks Lifecycle phases 
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Figure 9: Deliverable lifecycle phase 
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5.2.3 Roles 

Inside companies, different roles can be distinguished. Each role is responsible for a part of 
the product development process. A role has to be fulfilled by engineers who are capable of 
fulfilling this role . The tasks that have to be executed on a deliverable are assigned to a 
certain role . An engineer, who is capable of carrying out this role is assigned to the task. 
Executing a task causes a certain time delay. 

5.2.4 Availability of engineers 

When engineers are assigned to execute certain tasks, one can imagine that they are not 
assigned to only one task. A engineer can be assigned to multiple tasks, which can even 
belong to multiple projects. When more projects are developed at the same time, engineers 
are investing their time in more than one project. So their availability for one project will 
reduce. So when one project is considered, there has to be determined to what extend an 
engineer is available to execute tasks that belong to that project. 

5.2.5 Distinction between companies 

As mentioned in section 5.2.2, every deliverable has a specific lifecycle in which the 
deliverable is created by executing a number of sequential tasks. 

When multiple companies are involved in the development process of a product, tasks can 
be executed by engineers that belong to different companies. For instance, an engineer of 
company A can be assigned to create and edit a deliverable, subsequently, the deliverable 
can be send to an engineer of company B, who reviews the deliverable. The engineer of 
company A can be informed by the engineer of company B, that either the deliverable is 
accepted and can be released by the engineer of company A, or the deliverable is rejected 
and have to be changed by the engineer of company A. So a new version of the deliverable 
is created. A graphical interpretation of an example of the tasks that can be executed on a 
deliverable is depicted in figure 10. 

Initiate 

D CompanyA 

D CompanyB 

~-- - - - Nl J--- - - - ~ 

Edit Review 

Figure 10: Tasks executed on a deliverable 
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Each company employs a number of engineers who are involved in the development 
process. Tasks that are performed on the different deliverables can be appointed to an 
appropriate engineer of the company which is responsible for executing the task. 

Normally, when a new version is created , this new version goes through the entire lifecycle 
phases again . So new versions are once again reviewed . However, this is not the case in all 
development processes. The next section discusses this. 
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5.2.6 Skipping phases 

In theory, every new version has to go through all the lifecycle phases once again. In practice 
however, it occurs that new versions of a deliverable skip some of the phases in the 
deliverable lifecycle. A company can decide to skip deliverable lifecycle phases to save time 
and money. In figure 11 an example is given. Deliverable A has been edited, approved 
during review and released. Whereas, deliverable B has been edited and rejected during 
review. The second version of deliverable B has been edited and released, thus reviewing 
has been skipped. 
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Figure 11: Skipping the review phase 

For each version the consideration can be made to skip some phases. However, there is one 
constraint. The first phase and the last phase can't be skipped. This has to do with the fact 
that once a new version is created, this version always goes through some sort of 'in work' 
phase, else the new version would be useless, and every deliverable has a last phase 
'released' in which no task can be performed. 

5.2.7 Exchanging data 

Tasks that have to be performed on a deliverable can be executed by different engineers. So 
the deliverable has to be exchanged between engineers. The time that expires before the 
next engineer starts executing the task on a deliverable mainly depends on the amount of 
work that has to be done to execute the task. When this amount of work is rather small, the 
engineer will sooner be inclined to execute this task. When the execution of a task demands 
a great amount of work, the engineer will not be inclined to execute this task soon. So, the 
amount of work that has to be done to execute a task determines the time that expires before 
this task will be executed. Thus, for each point in time where product data is exchanged, a 
certain amount of time will have to be taken as slack for transporting a deliverable from one 
engineer, that performed a task on the deliverable, to another engineer that is responsible for 
executing the next task on the same deliverable. 
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5.2.8 Minimum required phase 

Deliverables created during a product development process can be related to each other. 
Situations can occur where a task on a deliverable is only allowed to be executed when other 
deliverables have reached a minimum deliverable lifecycle phase. In figure 12 an example is 
depicted where this situation occurs. 
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Figure 12: Minimum required phase 

In figure 12, two deliverables are depicted. In this example, the task "initiate" of deliverable B 
can only be executed when deliverable A has at least reached the status "for review". 
Deliverable A can be released when deliverable B has at least reached the status "released". 

5.2.9 Input adjustment 

During a product development process it can occur that prototypes have to be manufactured 
to perform tests on . When the results of these test do not comply with the requirements that 
are formulated beforehand, this actually means that the data that was used to manufacture 
these prototypes did not comply with the requirements . So changes have to be made to the 
deliverables which have been used as input for this prototype. So, a relationship must exist 
between a deliverable (a prototype for example) and the deliverables that are used as input 
for that deliverable. An example is depicted in figure 13. 

Before a prototype can be manufactured, the data that has to be used for manufacturing 
should be released (input data). After the prototype has been manufactured, tests can be 
performed on this prototype. These tests can either be approved or rejected . When the tests 
are approved, the prototype can be released. When the tests are rejected, a new version of 
the input data is generated. 



Input data 

Version 
1 

Q) In work 0 Cl) 

co 

• .r::. 
c.. 
Q) 

For review 0 u 
>, 
u 

• ~ 
:.::i 

Released 0 

• 5l For manufacturing Q 
-§_ • 
Q) 

u For testing 0- -
i:j' 

:S • 
Released Q 

Figure 13: Input adjustment 

5.2.10 Propagating effect 
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When deliverables are related to each other as described in section 5.2.8, it is likely that 
unforeseen errors in deliverables can have effects on related deliverables. When 
deliverables A, Band C in the example in figure 14 are considered, this effect can be 
explained. As discussed in section 5.2.8, deliverables can have tasks which are only allowed 
to be executed when another deliverable has at least reached a certain phase. 
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Figure 14: Propagating effect 
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In the example of figure 14, deliverable Band C can only be initiated when deliverable A has 
reached the status "for review" . When the review of deliverable A is rejected , a new version 
of deliverable A is made. Because deliverable B is still in the "in work" phase, there is no 
need for a new version of deliverable B. However, extra time needs to be invested in the "in 
work" phase because changes have to be made. Based on the fact that there is a 
relationship between deliverable A and deliverable C, a new version of deliverable C is 
created also. After all, deliverable Chas already reached the "for review" phase. This 
principle is called the propagating effect. 
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5.2.11 Stochastic influence 

As mentioned in section 3.2.2, a product development process is affected by stochastic 
variables. For example, the time that is needed to carry out an activity, the waiting time or the 
occurrence of iterations aren't constant factors which can be determined exactly, but they are 
variables with a certain distribution of probability. To be able to model a product development 
process as realistic as possible, these stochastic variables have to be taken into account. For 
example, the probability that a deliverable is rejected during the review phase. An example is 
depicted in figure 15. 
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Figure 15: Rejection of deliverables 

In the example of figure 15 is depicted what the probabilities are that deliverables are 
rejected during the different review phases. In this example, the first version of a deliverable 
is rejected in 80% of the cases. The second version is rejected in 20% of the cases. Finally 
the third version is never rejected and thus accepted for 100% of the cases. 

5.3 Process model inputs 

Process model inputs are defined as settings of the variables of the process model. The 
identified input variables of the process model are: 

• 
• 
• 
• 
• 
• 
• 
• 

• 
• 
• 

• 

• 

The deliverables which are created during the development process; 
The different lifecycle phases of the deliverables; 
The tasks, that have to be executed during the different lifecycle phases; 
The roles which are responsible for executing the different tasks; 
The companies which are involved in the product development process; 
The engineers which fulfil the different roles ; 
The work time that is spent on the different tasks; 
The reduction of the work time when the tasks are executed on the second version 
and all versions the are created afterwards; 
The fact that a task is executed only once, despite the existence of versions; 
The number of times a deliverable is rejected during a task (number of cycles); 
The fact that a task can be executed by the same engineer who was responsible for 
executing the previous task; 
The amount of time that will have to be taken as slack for transporting a deliverable 
from one engineer, that performed a task on the deliverable, to another engineer that 
is responsible for executing the next task on the same deliverable; 
The relationships between the deliverables (min imum required phase); 
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• The propagating effect of the deliverables; 
• Which input deliverables are influenced when an deliverable contains errors (input 

adjustment). 

5.4 Process model outputs 

The outputs of the model will be generated by a simulation tool, 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 of the performance of the product development 
process for the different input settings. 

Performance indicators 
Sections 4.6.2 and 4.6.4 respectively describe which goals were defined for the pilot project 
and which results were achieved. From these goals and results , performance indicators can 
be derived, which can be used to visualize the effects of product data exchange between 
partners on the product development process. 

When multiple parties collaborate on product development, the exchange of product .data is a 
fundamental part of the entire product development process. Product data has to be 
available in the right version, on the right location and in the right format. When product data 
is exchanged in the wrong format, extra manual effort has to be made in adapting the data to 
make it suitable for its purpose. When throughput time is defined as the time it takes to 
develop one single product, this extra effort increases the throughput time. Furthermore, 
when costs are defined as the amount of man hours spent on the development of one single 
product, the costs increase because extra manual actions are needed. 

Because not only the format in which the product data is exchanged is of importance, the 
performance indicators must also be able to give insight in the effects of when product data 
is going to be exchanged. One can imagine that the point of time where product data is 
exchanged has influence on the throughput time of a development process. When product 
data is exchanged to late for instance, this can cause delay in the development project. 
Furthermore, when product data is only exchanged at the end of a project, unforeseen errors 
can be detected and changes have to be made to correct these errors. The costs increase 
because extra man hours are needed to correct these errors. 

So, the following performance indicators are used to measure the performance of a multi
company product development process: 

Time: The throughput time of a development process is defined as the time it takes to 
develop one single product. 

Costs: The costs of a product development process project will be measured by calculating 
the used engineering capacity per engineer. In other words, the costs of the man-hours 
necessary to develop one single product. 

The simulation model will calculate the performance of the product development process for 
the different settings in terms of time and costs. These outputs visualise the effects of 
product data exchange on the performance of a multi-company product development 
process. 
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6 SIMULATION MODEL 

6. 1 Introduction 

This chapter describes the simulation model. The first section discusses why a simulation 
model is needed to analyse the behaviour of a multi-company product development process. 
Section 6.3 describes the reasons to use the RapidPDM simulation model as basis for the 
simulation model. Furthermore, this section discusses the shortcomings and redundancies of 
the RapidPDM simulation model. This section finally ends up with some remarks about the 
simulation model. The data model of the simulation model is described in section 6.4. 
Section 6.5 describes the simulation model itself. Section 6.6 describes an alternative 
simulation model. Finally, section 6.7 discusses techniques which can be used to increase 
the validity of a simulation model. 

6.2 Why a simulation model? 

Because product development processes can , among others, be characterized by iterations, 
waiting queues, uncertainty and complexity(§ 3.2.2), development processes are complex. 
In this case, analytical models cannot be constructed to represent them. Therefore, the 
behaviour of the product development process must be estimated with a simulation (§ 3.4.1 ). 

Section 3.2.1 describes that a product development process can be seen as a sequence of 
activities between which interdependence occurs. This way of thinking is reflected in the pilot 
project mentioned in chapter 4. Several activities have to be performed in order to develop a 
printed circuit board . Because some activities can only be executed when other activities 
have already been executed, these activities depend on each other. 

According to the literature (§ 3.4.3) there are two main strategies in the simulation domain: 
continuous and discrete modelling. The discrete modelling strategy is efficient and 
particularly appealing when the process is viewed as a sequence of activities. This type of 
model is also able to represent the interdependence that occurs between activities in a 
project. So according to the literature, a discrete simulation model can be used to model the 
(multi-company) product development process. 

6.3 Basis for the simulation model 

Due to the time span of the graduation assignment, it was not possible to develop a complete 
new simulation model based on the process model which has been described in sections 
5.2, 5.3 and 5.4. So the decision was made to change the existing RapidPDM simulation 
model (as described in section 3.5) in order to make it suitable for modelling the process 
model. The changes have been made by Maikel van de Pol, a graduate student at the 
Department of Mathematics and Computer Science of the Eindhoven University of 
Technology. 

Section 6.3.1 describes why the RapidPDM simulation model was used as basis for the 
simulation model. The changes that have been made concern the shortcomings and 
redundancies of the RapidPDM model which are discussed in sections 6.3.2 and 6.3.3. 
Finally, in section 6.3.4 some remarks about the simulation model are mentioned. 
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6.3.1 RapidPDM simulation model 

The reasons to use the RapidPDM simulation model as a basis for developing a simulation 
model that is able to visualize the effects of product data exchange on the performance of a 
product development process that is spread out over multiple companies are: 

• As seen in section 3.3.1 little research has been found on the performance 
measurement of product development processes. So alternative simulation models 
with which the performance of a product development process can be measured are 
hardly available at the moment; 

• The RapidPDM simulation model is a generic model, which means that it is relatively 
easy to model and change the (multi-company) product development process; 

• It is a discrete event model in which time advances because a discrete event occurs. 
Since nothing of importance happens between the events, the model can advance 
the simulation clock from event to event with no loss of information; 

• As stated in section 3.2.1, the product development process can be seen as a 
sequence of activities which generate product information. The RapidPDM simulation 
model is based on the concept that a product development process can be described 
as a flow of documents which describe (physical) products. 

6.3.2 Shortcomings 

This section discusses in what way the process model (see chapter 5) differs from the 
existing RapidPDM simulation model. In other words; what are the shortcomings of the 
RapidPDM simulation model? 

Availability of engineers 
Engineers can invest their time in more than one project. The RapidPDM simulation model 
assumes that engineers are involved in only one project at the same time. So the model is 
not capable of dealing with multiple projects which are executed simultaneously. This is the 
first shortcoming of the RapidPDM simulation model. 

Distinction between companies 
The second shortcoming has to do with the fact that when multiple companies are involved in 
the product development process, the distinction between the different companies has to be 
made. Because the RapidPDM simulation model was originally designed for a development 
process where only one company is involved in, it is not possible to make this distinction. 

Skipping phases 
In the RapidPDM simulation model it is not possible to skip phases. It is assumed that when 
a new version of a document is created, it has to progress through all the lifecycle phases 
once again. In practise however, this is often not the case. In practise, certain phases are 
skipped because of time savings for instance. This is also a shortcoming of the RapidPDM 
simulation model. 

Data exchange 
In the existing RapidPDM simulation model, the post time is a parameter that can be set 
before running a simulation (§ 3.5.2). The post time is the time that will be taken as slack for 
transporting a document from one engineer, that performed a task on a document, to another 
engineer that is responsible for executing the next task on the same document. In the 
existing simulation model a value for this parameter can be set and this value holds for all the 
documents that are transported during the development project. When modelling it this way, 
one can not distinguish between differences in slack time. As mentioned in section 5.2. 7, it 
must be able to make this distinction. The RapidPDM model is not capable of doing this. 
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Minimum required phase 
To be able to define relationships between deliverables in detail, precedence relations 
between tasks and phases have to be made (see section 5.2.8). For instance, a task on a 
deliverable can only be performed when another deliverable has reached a certain phase. 
In the RapidPDM simulation model only relationships between documents can exist. When 
modelling relationships this way, detailed relations can not be modelled. So this is a 
shortcoming of the simulation model. 

Input adjustment 
The existing RapidPDM simulation model is not capable of defining relationships between a 
deliverable and its input deliverables in such a way that when an error is found in the 
deliverable, new versions of its input deliverables are created . 

Stochastic influence 
Finally, the RapidPDM model, models the product development process as a process which 
isn't affected by stochastic variables. The time that is needed to carry out an activity, the 
waiting time and the occurrence of iterations, for example, are supposed to be constant 
factors. As described in the process model, stochastic variables have to be used to be able 
to model the product development process as realistic as possible. 

6.3.3 Redundancies 

Besides the shortcomings, the RapidPDM simulation model also has some redundancies. 
When this model was developed, some assumptions have been made which appear to be 
impractical. This section shortly describes these redundancies. 

Product structure 
When the simulation model was developed, the assumption was made that the flow of 
documents can directly be generated from the product structure of the product. In other 
words, the 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. However, it seems that when 
companies have a PDM system to manage all their product related data and they use this 
system as the system is meant to be used, all the product data (documents) can be extracted 
from this PDM system. Instead of entering the product structure of a product into the 
simulation model in order to generate the documents, the product data that has been 
extracted from the PDM system can directly be entered into the simulation model. 

Minimum phase difference 
The 'minimum phase difference' describes the degree of concurrent engineering, which is 
used during the development process. Every precedence relation between documents is 
given a 'minimum phase difference'. A detailed description of the 'minimum phase difference' 
is defined in section 3.5.2. The principle of 'minimum phase difference' has become 
superfluous due to the fact that when relationships are defined using the principle of 
'minimum required phase' described in section 5.2.8, the degree of concurrent engineering 
can be set directly. 

Control variables 
For the RapidPDM simulation model certain control variables have been defined which can 
be adapted freely by the user before executing a simulation run. These variables influence 
the performance of the modelled process among different circumstances. For the purpose of 
th is research these control variables aren't needed. 
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6.3.4 Remarks about the simulation model 

It was the intention to change the existing RapidPDM simulation model in such a way that all 
the above mentioned shortcomings were implemented and the redundancies were removed. 
Due to the time span of the graduation assignment, it wasn't possible to implement all the 
shortcomings. 
The two shortcomings that have not been implemented yet are: 

• Availability of engineers; 
• Stochastic influence. 

So the simulation model models the product development process as a process which isn't 
affected by stochastic variables. Furthermore, engineers are involved in only one project at 
the same time. 

6.4 Data model of the simulation model 

Data modelling is a solid method for defining and structuring data. A data model says what 
information is to be contained in a database, how the information will be used, and how the 
items in the database will be related to each other. 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 customer or a product, or it can be an abstract object like a 
job or an order. For example, a data model might specify that a customer is represented by a 
customer name and credit card number and a product as a product code and price, and that 
there is a one-to-many relation between a customer and a product. 

6.4.1 The data model 

A data model of the simulation model has been developed which structures the main data 
classes required in simulation . The Unified Modelling Language (UML) has been used to 
represent this data model. A short description of UML can be found on [OMG, 2004]. This 
data model is depicted in figure 16. The distinguished data classes and their relationships 
are explained in section 6.4.2. 
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Figure 16: The data model 
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6.4.2 Data classes and their relationships 

The main classes used by the simulation model are shown in figure 16. This section 
describes these classes and the relationships between them . 
A Deliverable is identified by a unique name. It can have multiple versions. A version belongs 
to one deliverable and has a version number and is in a certain phase. A deliverable has 
multiple phases. A phase belongs to one deliverable and is characterized by a deliverable 
and a phase number. A phase also has a name. A task can be executed in a phase. A task 
has a work time, work time reduction and cycles. Furthermore each task can be executed for 
the first version of the deliverable only or for all versions. A task can be executed by the 
same engineer as the previous task or not by the same engineer as the previous task. The 
'required phase' defines the relationship that can exist between a task that is executed on a 
deliverable and a phase of a deliverable. For each task and 'required phase' relationship an 
exchange method can be defined. An exchange method has a name and a certain duration. 
A role is assigned to each task. A role has a name and a description. A role belongs to one 
company and can be fulfilled by multiple engineers. Each company has a _name and multiple 
roles can be distinguished inside the company. An engineer has an ID and a name and can 
fu lfil one role . An engineer can be responsible for executing multiple jobs. A job is executed 
by one engineer and is executed on one version of a deliverable. For every job the required 
time stamps are stored for statistical purposes and to calculate the overall performance of 
the process. The class input adjustment is related to one task and one deliverable. A 
deliverable and task can be subject of multiple input adjustments. 

6.5 The simulation model 

Before performing a simulation run, input variables need to be gathered to serve as input for 
the ExSpect simulation tool. These input variables are put in a Microsoft Access file. This file 
consists of various tables which are related according to the data model described in section 
6.4. An example of such a table is depicted in figure 17. 

ID Name Ref company Ref role 
1 EnQineer 1 Philips Medical System Layouter 
2 Engineer 2 Electronics Contract Manufacturer Data manager 

Figure 17: Example of Access table 

In the example of figure 17 a table is depicted in which two engineers are filled in. 
Engineer 1 works at Philips Medical Systems and fulfils the role of layouter. Engineer 2 
works at the Electronics Contract Manufacturer and fulfils the role of data manager. 

With the Access tables serving as input, the simulation in ExSpect can take place. After the 
simulation has finished, the output is exported to an Microsoft Excel file. In Excel more 
graphs can be produced and the output can be analyzed. 

In Excel information can be retrieved from the spreadsheet and graphs can be produced to 
visualize the effects of product data exchange on the performance of a product development 
process in terms of time, costs and content. An example of such a graph is depicted in figure 
18. 
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Figure 18: Example of output graph 

6.6 Alternative simulation model 

Instead of focusing on product development as a sequence of activities, which emphasizes 
the generation of product information, one can emphasize on the activities itself. A short 
description is given in this section. 

The simulation is executed in a simulation tool where Petri-nets are used to model the 
product development process. Examples of such simulation tools are Expect, CPN tools and 
Yasper. For this assignment Yasper has been used to model the product development 
process. A part of the product development process of PMS and their ECM is depicted as 
example in figure 19. 

Figure 19: A part of the product development process 
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In this example, the activities which have to be performed are displayed by rectangles. 
Between this activities relationships can exist. Executing an activity costs a certain amount of 
time and expenses. To each activity a role can be assigned which is responsible for 
executing the activity. For each role , a number of engineers who are capable of fulfilling this 
roles can be appointed. Furthermore for each activity the probability that certain actions are 
made can be determined. 

Because for each activity the work time and costs are determined, the output of this 
simulation model will be in terms of throughput time and total costs. 

An advantage of modelling a product development process this way is the fact that the 
development process is visualized using a Petri-net. Changes in the product development 
process can immediately be made visible by adding or deleting activities. 

6. 7 Validation of a simulation model 

One of the most difficult problems regarding a simulation model is trying to determine 
whether or not a simulation model is an accurate representation of the process. In other 
words, whether the model is valid . A simulation model and its results have credibility if the 
people involved accept them as "correct". [Law & Kelton , 2000] discusses a number of 
techniques for increasing the validity and credibility of a simulation model. 

Some techniques which can be applied to increase the validity of a simulation model are 
discussed below. 

Collect high quality information and data 
When developing a simulation model, all the existing information must be used, including the 
following : 

• Conversations with subject-matter experts; the modeller must work closely with 
people who are familiar with the process. 

• Observations of the process; if the process exists in the real world, then data should 
be obtained from it for use in building the model. 

• Existing theory; 
• Relevant results from similar simulation studies; 
• Experience and intuition; often it is necessary to use one's experience or intuition to 

hypothesize how certain components operate. 

Validate the output from the overall simulation model 
When a simulation model of a real world process has been developed, its output data has to 
be compared to those from the real world process. If the two sets of data compare "closely", 
then the model of the real world process is considered "valid". If the above comparison is 
successful , then it has the additional benefit of providing credibility for the use of simulation. 

Animation 
An animation can be an effective way to find invalid model assumptions and to enhance 
credibility of a simulation model. 

Some of above mentioned techniques are applied during this graduation assignment. Due to 
the time span of this assignment it was not possible to validate the developed simulation 
model in detail. In order to develop the simulation model, conversations with experts which 
were involved in the process have been held. Furthermore, available documentation of the 
process was analysed in order to model the real process as detailed as possible. 
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In the future the output from the overall simulation model should be compared with data from 
the real world process in order to validate the output of the simulation model. This can be 
done by monitoring the creation process of one single board from start to end. During this 
monitoring, all relevant data which is needed during the simulation is registered. data about 
work times, number of roles which are responsible for executing the tasks and available 
engineers for instance. When the whole process is monitored and registered, a simulation, 
based on the collected data, is executed and the outcomes are compared with the data that 
have been collected in reality. When the output data from the simulation model significantly 
differs from that of the real process, the simulation model should be improved and new 
simulations have to be executed . When the output of the simulation model closely compares 
the output of the real process, then the simulation model can be considered valid. 

Besides above mentioned approach, animation can also be used to validate and enhance 
the credibility of the alternative simulation model. Because this alternative simulation model 
makes use of Petri-nets to visualise the product development process, one can find invalid 
model assumptions when discussing the model with experts. 



7 EXECUTING DIFFERENT SCENARIOS 

7. 1 Introduction 

To be able to visualize the effects of product data exchange on multi-company product 
development processes, different scenarios have been executed. The data that has been 
collected to execute the scenarios, the restriction of this data and the assumptions that have 
been made are mentioned in section 7.2. These scenarios have been executed for three 
different situations, which are discussed in section 7.3. An overview of the executed 
scenarios is given in section 7.4. Finally, section 7.5 discusses the outcomes of the 
scenarios. 

7.2 Collection of data 

Before the scenarios described in section 7.4 can be executed, data has to be collected and 
assumptions about the product creation process have to be made. This section describes the 
data that has been collected, the restrictions of the data and the assumptions that have been 
made in order to execute the scenarios. 

7.2.1 Data 

In order to collect the data which is needed to execute the scenarios, several experts were 
interviewed. The data collected regarding the creation of one PCBA consists of the following 
information: 

• The created deliverables; 
• The lifecycle phases of the deliverables; 
• The work time that is spent on the deliverables, distributed over the tasks; 
• The work time that is spent on changing errors; 
• The roles that can be distinguished inside PCM and their ECM; 
• The number of engineers which fulfil the different roles; 
• Which role is responsible for executing a certain task; 
• The work time that is spent on processing data using the POX standard and without 

using the POX standard; 
• The relationships between the deliverables (minimum required phase). 

The collected data can be found in appendix 9. In this appendix the distinction is made 
between data that applies in general and data that applies for the three situations which are 
discussed in section 7.3. 

7.2.2 Restrictions of the collected data 

The data that has been collected is subject to some restrictions. It was relatively easy to 
collect information about the deliverables which have to be created, the relationships which 
exist between deliverables, the roles which can be distinguished and the filling-in of these 
roles by engineers, because the creation process of a new PCBA is rather unambiguous. 

Regarding the time it takes to execute certain tasks, it was not possible to collect actual 
information. Information regarding work times that were spent on the creation of one single 
PCBA was not available. Due to the time span of the assignment it was not feasible to 
monitor the creation process of one single board from start to end and thus obtain actual 
work times. Therefore, it was decided to estimate the work times. 
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7 .2.3 Assumptions 

In order to execute the different scenarios, the following assumptions have been made: 

7.3 

• 

• 

• 

• 

Although most of the time is spent on re-layouting existing boards which are already 
in production, the choice was made to focus on the creation process of a new PCBA. 
This choice has been made because when a board is re-layouted, it depends on the 
impact of the change which activities are executed. When a new PCBA is developed 
all the activities are executed. 
When a PCBA is developed, prototypes are manufactured. The assumption is made 
that only one series of prototypes is manufactured. 
As mentioned in section 4.5.2, when an error is found in one of the deliverables, this 
deliverable has to change. The impact of the change can be divided in a number of 
categories. The assumption is made, that when during the development process 
changes to deliverables have to be made, it concerns high-level changes. Changing a 
component is an example of such a high-level change. When an high-level change is 
made, this causes the creation of a new version of the schematic drawing and its 
related deliverables. 
When PMS sends data to their ECM they have no clue when ECM really starts 
processing this data. Therefore the assumption is made that when data is sent to the 
ECM using the POX standard, they start processing it after one day. When no POX 
standard is used, processing the data starts after one week. 

Overview of situations 

7 .3.1 Situation 1: current amount of exchange 

In the first situation, the product data is exchanged between Philips Medical Systems and 
their Electronics Contract Manufacturer at points of time which are described in section 4.4. 
So, when the schematic drawing and the Bill of Materials (BOM) have been created, 
interaction takes place (arrows 1 and 2 in figure 20). During the creation of the layout 
drawing, the drawing is communicated with the ECM (arrows 3 and 4). When the prototype 
has to be created, data is exchanged (arrows 5 and 6). Finally, interaction takes place when 
the PCBA has to be released, This situation is depicted in figure 20. 

PMS 

IBOM2CAD I G 
B 

ECM 

Figure 20: Current amount of product data exchange 
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7.3.2 Situation 2: less exchange 

The second situation is depicted is figure 21. When data is exchanged less, the schematic 
drawing, the BOM and the layout aren't communicated with the ECM at an early stage of the 
development process anymore. The first time interaction takes place is when the ECM is 
ordered to manufacture the prototypes (arrows 1 and 2). 
So at this point, the ECM is able to check the drawings and the BOM. At the end, interaction 
takes place when the PCBA has to be released (arrows 3 and 4). 

PMS 

ECM 

Figure 21 : Less exchange of product data 

7.3.3 Situation 3: more exchange 

2 
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Instead of less exchange of product data, the third situation is about more exchange of 
product data. This situation resembles the first situation, with the exception of one extra 
interaction point. Instead of completely finishing the schematic drawing first, the drawing 
accompanied with a preliminary BOM are already being exchanged during development. So, 
during the design of the schematic drawing, the drawing is send to the ECM for an extra 
review (arrows 1 and 2). Furthermore, the ECM is already able to check their stock. In figure 
22 is depicted on what points of time product data is exchanged between PMS and their 
ECM. 
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PMS 
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Figure 22: More exchange of product data 

7.4 Overview of the scenarios 
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To be able to show the effects of product data exchange on the performance of a product 
development process, different scenarios have been executed. Each scenario has been 
executed for each of the above mentioned situations. The scenario that have been executed 
are displayed in table 1. 

Table 1: Scenarios 

Factor / +m 
POX No POX Chanqe No chanqe Stock No stock 

1 X X X 

2 X X X 

3 X X X 

4 X X X 

5 X X X 

6 X X X 

7 X X X 

8 X X X 

As displayed in table 1, each scenario is related to a combination of factors. These factors 
are explained below. 

7 .4.1 POX standard vs. no POX standard 

Before POX was used as standard to exchange the product data, the data wasn't exchanged 
in a standard format. So, the product data that was sent from PMS to their ECM had to be 
converted by an engineer of the ECM before the data could be imported in their PDM 
system. Furthermore, the component sourcing data was not communicated consistently with 
the product data. So additional manual actions were needed to find the component sourcing 
data. 

Situation 1 represents the current way of working between PMS and their ECM. The product 
data is exchanged at the points of time which are depicted in figure 20. 
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To show the effects of POX on the product development process, product data that that is 
send from PMS to their ECM, displayed by arrows 1,5 and 7, is exchanged using the POX 
standard and without using a standard format. When situation 2 is considered, product data 
is exchanged less. To show the effects of POX when there is less exchange between 
companies, product data that that is send from PMS to their ECM, displayed by arrows 1 and 
3 (see figure 21 ), is exchanged using the POX standard and without using a standard format. 
Instead of exchanging product data less, data can be exchanged more often, as described in 
situation 3. To show the effects of POX, when product data is exchanged more often, data 
that that is send from PMS to their ECM, displayed by arrows 3, 7 and 9 (see figure 22), is 
exchanged using the POX standard and without using a standard format. 

7.4.2 Change vs. no change 

During the development process high-level changes can be made. An example of such a 
change is the replacement of components for example. Because of these changes, new 
versions of the schematic drawing and its related deliverables have to be created. 

When modelling the product creation process as described in situation 1, the Bill of Materials 
is exchanged together with the schematic drawing. The SOM and the schematic drawing are 
checked by the ECM. When changes have to be made, new version of the schematic 
drawing and its related deliverables are made in which the changes are processed. When 
situation 2 is considered, the first time interaction takes places is when PMS orders their 
ECM to manufacture prototypes. Before start manufacturing, the drawings and SOM are 
checked. When changes have to be made, new versions of the schematic drawing and its 
related deliverables are created in which these changes are processed. In situation 3, the 
schematic drawing and a preliminary SOM are already communicated during the design 
phase of the schematic drawing. An engineer of ECM reviews the drawing and checks the 
SOM. When changes have to be made, a new version of the schematic drawing is created in 
which these changes are processed. 

7 .4.3 Stock vs. no stock 

Before the ECM can build a prototype, all the components which are needed to build it, have 
to be in stock. When components aren't in stock, the ECM has to order these components by 
their component suppliers. 

To be able to check whether or not the components are on stock, the ECM needs to know 
which components are going to be used. In situation 1, the SOM is exchanged as soon as 
the schematic drawing has been designed, whereas in situation 2 the SOM is exchanged just 
before the prototype has to be manufactured. So at different points in time the ECM is able to 
check this SOM and order the components which are not in stock. In situation 3, a estimation 
of the components that are going to be used is communicated to the ECM during the 
development of the schematic drawing. 

7.5 Outcomes of the scenarios 

7.5.1 Introduction 

The eight scenarios which have been described in table 1 in the previous section have been 
executed. Because the outputs of these scenarios have to be compared to each other, the 
outputs of the different scenarios have been combined . In section 7.5.2 a graph is depicted in 
which the throughput times for each of the scenarios and situations (amount of exchange) 
are displayed. Furthermore, the graph is explained. 
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In section 7.5.3 a graph is depicted in which the costs are displayed for each of the scenarios 
and situations (amount of exchange). In this section, an explanation is given as well. The 
outputs of each of the different scenarios separately can be found in appendices 10 through 
17. The overall conclusions are discussed in section 7.5.4. Finally, section 7.5.5 discusses 
the outcomes which have been generated using the alternative simulation model. 

7 .5.2 Time graph 
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When analysing the graph which is depicted in figure 23, the attention is directly attracted to 
the enormous differences in throughput times between the two lines which are depicted at 
the top and the four lines which are depicted at the bottom. These differences are the result 
of the fact whether or not the components are on stock. Because the delivery time of these 
components is 26 weeks, the differences in throughput times are that big between the lines 
at the top (no stock) and the lines at the bottom (stock). 

When looking at the two lines at the top, downwards lines can be noticed. This can be 
explained by the amount of exchange. When product data is exchanged more often, the 
ECM is involved at an earlier stage of the product development process. So, the ECM is able 
to order the components which are not on stock at an earlier point in time. Because the 
prototypes can only be manufactured when all the components are available, the 
manufacturing can only starts when the ordered components are delivered. The amount of 
time which expires (delay) before the prototypes can be manufactured depends on which 
point in time the missing components are ordered. So, when product data is exchanged more 
often, the components can be ordered at an earlier stage of the development process. This 
causes less time delay, which leads to shorter throughput times. Furthermore can be 
concluded that when the components are not on stock, it does not matter whether or not 
changes have to be made. This has to do with the fact that the extra amount of time which is 
needed to change the deliverables is nullified by the time which expires when components 
have to be ordered. That explains the fact that there are only two lines at the top instead of 
four. 
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When looking at the four lines at the bottom, the conclusion can be drawn that when changes 
have to be made, exchanging data more often has a slightly positive effect on the throughput 
time. This has to do with the fact that when product data is exchanged more often (earlier 
involvement of the ECM), a change can be carried out at an earlier point in time. The earlier 
a change can be carried out, the fewer related deliverables have to be changed. This saves 
time. Moreover can be concluded that when product data is exchanged more often, the 
difference in throughput time between whether or not changes have to be made is 
decreasing. This has to do with the fact that when no changes have to be made, more 
exchange of product data (earlier involvement of the ECM) has a negative effect on the total 
throughput time. 

Finally it can be concluded that the throughput times in the scenarios which used the POX 
format as standard to exchange product data are shorter than the throughput times in the 
scenarios which did not use the POX standard. 

7.5.3 Costs graph 
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Figure 24: Costs graph 
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When analysing this costs graph, one can notice four couples of lines. Within each couple 
the difference in costs is caused by whether or not the components are in stock. Because the 
delivery time of components only affects the total throughput time of a product development 
process and not the costs, the difference between the lines of a couple is assigned to the 
costs which have to be made when placing an order. Because ordering components is not a 
time-consuming task, the costs which concerns this task are low. Therefore the difference 
between the lines within a couple is very small. 



Moreover can be concluded that when no changes have to be made, the costs increase 
when product data is exchanged more often. This can be explained by the costs which are 
made when product data is exchanged. 
When product data is send from PMS to their ECM, tasks, like review, are executed by the 
ECM. The execution of these tasks cost a certain amount of man-hours. Because no 
changes have to be made, the execution of such tasks, which are aimed at finding errors, is 
pointless. 

When changes have to be made, the costs decrease when product data is exchanged more 
often. This has to do with the fact that when product data is exchanged more often, a change 
can be carried out at an earlier point in time. The earlier a change can be carried out, the 
fewer related deliverables have to be changed. 
This saves man-hours, thus costs. The extra costs that have to be made to exchange 
product data more often, can not balance the costs that are saved when changes are made 
at an earlier point in time. 

Finally, there can be concluded that the impact of the POX standard on the costs of a product 
development process is rather small. By using the POX standard, a small amount of costs 
can be saved. The impact of the POX standard is mainly related to time savings. 

7.5.4 Overall conclusions 

From the graphs above, some conclusions can be drawn. 

When the product development process is subject to a lot of changes and when components 
have a high risk to be out of stock, then it is recommended to involve the Electronics 
Contract Manufacturer at an early stage of the product development process. In other words: 
more exchange of product data. Earlier involvement of the ECM, as described in situation 3 
saves time and costs. 

However, when the product development process is a process in which hardly any changes 
have to be made and in which the components are at stock most of the time, it is 
recommended to exchange product data less. In other words: involvement of the ECM at an 
later stage of the development process. 

Finally, the conclusions can be drawn that the usage of the POX standard has a positive 
effect on the throughput time and the costs in all of the situations which were considered 
during the execution of the scenarios. 

The remark has to be made that the scenarios that have been executed are based on certain 
assumptions which only apply for this assignment (section 7.2). Therefore it can not be 
assumed that these conclusions hold in general. More research is needed in order to check 
whether or not above mentioned conclusions apply in general. 

7 .5.5 Alternative simulation model 

Section 6.6 describes an alternative simulation model which can be used to model the 
product development process. The simulation tool Yasper was used to model the three 
situations described in section 7.3. The visual models of these situations are depicted in 
appendix 18. Due to the time span of the graduation assignment it was not possible to 
execute all the scenarios displayed in table 1 using this alternative simulation model. 
Therefore, the decision was made to execute scenario 4 for each of the three described 
situations. The outcomes are displayed in appendix 19. 
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When comparing these outcomes with the outcomes generated by the other simulation 
model (see appendix 13) one can conclude that both simulation models calculate the same 
throughput times and costs. 
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8 CONCLUSIONS AND RECOMMENDATIONS 

8. 1 Introduction 

In this chapter the conclusions and recommendations, that are the result of the research 
carried out for this graduation assignment, will be discussed. The next section focuses on the 
conclusions and section 8.3 discusses the recommendations. 

8.2 Conclusions 

During the graduation assignment an existing simulation model has been adapted to the 
needs of this assignment. The existing simulation model was a generic model which has 
been developed with the objective to visualize the effects a PDM system can have on the 
performance of a product development process. By changing a couple of parameters, 
predictions about the effect of a PDM system on the performance of the development 
process can be made. However, this was not the objective of this assignment. 

The adapted simulation model is more generic. The user has more freedom to adapt the 
parameters to be able to model the product development process as detailed as possible. 
The disadvantage of this freedom is that much more effort has to be put in the adaptation of 
these parameters. This adapted simulation model is able to visualize the effects of product 
data exchange on the performance of multi-company product development processes. This 
simulation model is based on the concept that a product development process can be seen 
as a flow of deliverables on which tasks have to be performed by engineers. A deliverable 
can be a document or a physical product that is used during the development process and 
contains information about the product that has to be developed. Deliverables created during 
a product development process can be related to each other. On each deliverable, different 
tasks will have to be performed by engineers. During these tasks, deliverables are in a 
certain phase, which are called deliverable lifecycle phases. 

The simulation model has been applied to the product development process of a printed 
circuit board between Philips Medical Systems and their Electronics Contract Manufacturer. 
The conclusions that can be drawn are: 

• When the product development process is subject to a lot of changes and when 
components have a high risk to be out of stock, then it is recommended to involve the 
Electronics Contract Manufacturer at a early stage of the product development 
process. 

• When the product development process is a process in which hardly any changes 
have to be made and in which the components are at stock most of the time, it is 
recommended to involve the ECM at a later stage of the development process. 

• The usage of the POX standard has a positive effect on the throughput time and the 
costs in all of the situations which were considered during the execution of the 
scenarios. 

The alternative simulation model which makes use of Petri-nets to model the product 
development process can be used to make a visual model of the development process in 
relatively less time. With this simulation model is it possible to measure the performance of a 
product development process in terms of throughput time and total costs by changing a 
couple of parameters. 
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An disadvantage of this model is the fact that the execution of simulations can take a lot of 
time when the development process is rather complex and the work times which have to be 
defined for the different activities are large. Due to the time span of the assignment, only one 
scenario has been executed for each situation. The outcomes in terms of throughput times 
and costs of this scenario are the same as generated by the other simulation model. 

8.3 Recommendations 

Validation of the model 
During the development of the simulation model, parts of the simulation model which were 
ready, were verified. But due to the time span of the graduation assignment it was not 
possible to validate the developed simulation model in detail. The outcomes of the different 
scenarios which have been executed are explained , but they are not checked with the reality 
at the company. So in future research this validation part should be looked at in more detail. 
For more information see section 6. 7. 

Stochastic influence 
In the future, the simulation model will have to change to be able to deal with stochastic 
variables. As mentioned in chapter 3, a product development process is affected by 
stochastic variables. The duration of executing an activity and waiting times are the result of 
stochastic arrival and service times. Also the occurrence of iterations is stochastic. The time 
that is needed to carry out an activity, the waiting time or the occurrence of iterations aren't 
constant factors, which can be determined exactly, but they are variables with a certain 
distribution of probability. 

Availability of engineers 
In the future, the simulation model will have to change from a single project to a multi project 
orientation. More projects are developed at the same time. Engineers invest their time in 
more than one project, so their availability for one project will reduce. More research is 
needed for investigation of the effect it has on product development processes. 

Multiple roles per engineer 
In the current simulation model, an engineer is only capable of performing one role. In 
practice however, an engineer can be capable of performing multiple roles. An engineer can 
be skilful at performing a role as layouter, besides the fact that he is capable of being a 
schematic developer for instance. So the simulation model has to change in order to deal 
with this. 

Multiple tasks per lifecycle phase 
During a (multi-company) product development process it can occur that within one 
deliverable lifecycle phase multiple tasks have to be executed. For instance, during the 
lifecycle phase "for review" two review tasks have to be executed in parallel. One inside 
company A and one inside company B. The next task that has to be executed during the 
lifecycle of this deliverable can only start when both review tasks have been finished. In the 
current simulation model it is only possible to execute one task within a lifecycle phase. So in 
the future this aspect has to be researched in more detail. 

Applicability in practice 
When in the future there is a need at Philips CFT to use a simulation model in order to model 
a product development process, it is recommended to use the alternative simulation model, 
like Yasper. Together with potential customers, Philips CFT can model the development 
process of their customers with relative ease. Because this alternative simulation model 
makes use of Petri-nets to visualise the process, it makes discussion possible. 
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Steptools; http://www. steptools. com/ 
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APPENDIX 1 

Approved Manufacturer 
List (AML): 
[Shera, 2004] 

Bill of Materials (BOM): 
[Micro Dynamics , 2004] 

Concurrent Engineering: 

Electronics Contract 
Manufacturer (ECM): 
[Micro Dynamics, 2004] 

Electronic Manufacturing 
Services (EMS): 
[Micro Dynamics , 2004] 

Product Data Management 
(PDM): 
[Pels, 2004] 

Product Data Management 
system (PDM system): 
[Goes, 2002] 

Product Data eXchange 
(PDX): 
[POX Standard Group, 2004) 

Product development: 
[De Graaf, 1996] 

Appendix i G!ossary 
- ------------- -----------

GLOSSARY 

A list of manufacturers specific to individual components or 
products that have been approved by the contracted manufacturer 
and/or customer. 

A comprehensive listing of all subassemblies, components, and 
raw materials that go into a parent assembly, showing the quantity 
of each required to make the assembly. 

Concurrent engineering is a strategy in which tasks are done in 
parallel and there is an early consideration for every aspect of a 
product's development process. 

Producer of electronic equipment, on behalf of an original 
equipment manufacturer (OEM) customer in which the design and 
brand name belongs to the OEM. Often refers to the industry 
based on providing contract design, manufacturing, and related 
product support services for electronics OEMs. Also referred to as 
electronics manufacturing services (EMS). 

The industry based on providing contract design, manufacturing, 
and related product support services on behalf of electronics 
OEMs, in which the design and brand name belongs to the OEM 
making electronic products or subassemblies to be sold under the 
OEM brand name. Often referred to as "Contract Manufacturing" 
or Electronics Contract Manufacturing (ECM). 

PDM is the discipline of managing product data through its life 
cycle making it available and accessible, in the right format 
depending on person, task, place and time, to all parties involved 
in the product lifecycle with the aim to support and enhance all 
business processes that create or use product data. 

A PDM system keeps track of the masses of product- and process 
related data and makes the right data in the right view available 
and accessible to all disciplines involved during the whole life 
cycle of the product. 

POX is the Product Data eXchange standard for the supply chain. 
The POX standardization effort is focussed on the problem of 
communicating product content information between OEMs, EMS 
providers and component suppliers. 

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. 
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Standard for the Exchange 
of Product Model Data 
(STEP): 
[Steptools, 2004) 

Unified Modelling 
Language (UML): 
[OMG, 2004) 

Extensible Mark-up Language 
(XML): 
[XML, 2004) 

/'.\ppendix I Glossary 
----------- --------------

A comprehensive ISO standard (ISO 10303) that describes how to 
represent and exchange digital product information. 

UML helps specifying, visualizing , and documenting models of 
software systems, including their structure and design. 

XML is a mark-up language for documents containing structured 
information. A mark-up language is a mechanism to identify 
structures in a document. The XML specification defines a 
standard way to add mark-up to documents. 
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APPENDIX 2 SCHEMATIC DESIGN 
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Appendix 3 Layout Drawing 
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APPENDIX 5 NET PHASE 

Development of PCB design (Net phase) 

PMS 

Start 

Create BOM 

Generate AML 

Check BOM + 
Schematic drawing 

NO--·· · 

Update schematic 
drawing 

Update BOM 

BOM 

Create 
programmable IC 

PDX contents: 
- BOM 
-AML 
- Audit file 

ECM 

Check BOM 

Test ability schematic 
design 

- Schematic drawing 
• Mechanical drawings (optional) 

I 

i 
i 
i 
i 
i 
I 

___ __ ___ __ __ __ ___ J 

Document: 
--- ----------- - -- ------ -- -- -- -- --------- -- --- ------Test ability report 

• BOM info 
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APPENDIX 6 PLACEMENT PHASE 

Development of PCB design (Placement phase) 

Replace 
components 

PMS 

Place 
components 

Check layout 
drawing 

YES 

Routing 

ECM 

- ---- ------------ -------------- -, 
i 

Contents: i 
• Layout drawing j 
-ODB++file j 

i 

Perform DFM analysis 

I 

i 
i 
i 

Document· I 
--- ----- ----_ DFM re~rt ---- ----------------' 
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APPENDIX 7 PROTOTYPE PHASE 

Development of PCB design (Prototype phase) 

1610 Elec. Req. 
sheet 

Update schematic 
drawing 

Update BOM 

Update AML 

Update layout 

Generate files 

Create change 
proposal 

---, 

NO 

PMS 

Generate files 

Authorize 
prototype 

Create Elec. 
Req. sheet 

Perform tests 

YES 

ECM 

,- ·-·-·-· - ·-·-·-·-·-·- · -·1 
I ' 
' I 
! • 
! 

PDX Contents : 
- Elec. Req. sheet (optional) 
- Schematic drawing (incl. Net list) 
-BOM 
-AML 
- Mechanical drawings (optional) 
- Boundary scan (optional) 
- Layout 
- Assembly design 
-0DB++file 
- Change request 

Document: 

BOM2CA0 
comparison 

[:] 
i ... 

Programming machine 

8 
i ... 

Test programming 

-- ------------- - --- ---------- -• Build report 
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APPENDIX 8 RELEASE PHASE 

Development of PCB design (Release phase) 

PMS ECM 

PDX Contents: 
- Elec. Req. sheet 
- Schematic drawing (incl. Net list) 
- BOM 
- AML 
- Mechanical drawings 
- Boundary scan 
- Layout 
- Assembly design 
- ODB++ file 
- Programmed IC 
- Change request! 

' 
1- -- -------------- - ---- -- - ! 

1········ ··········• Release PCBA 
i.----- -- -- ------ - ------ ---- ----, 

l 
NO 

' Update BOM 

··· -- ------------------ - Approved? 
i • 

Update ERP 

YES ! 
I • 

Document: 

' 
- Release produ t confirmed or: 

Programming machine - Report issues 

i 
Place order ! ! 

! I 

! 

8 ! 
I 

i 

! 
I 
i 

• i i 
i .. 

( End i 
i 
i Test programming 

i 
i 
i ______ ___ ______________ _____ i 



ii i CFT 
Centre fry Industrial Technology /\ppendix 9 CoHected D2ta ----- ---- --------- ---- - --

APPENDIX 9 COLLECTED DATA 

General 

Number Company ... Role Number of engineers 
1 Philips Medical System Layouter 1 
2 Philips Medical System Electrical enqineer 1 
3 Philips Medical System Mechanical enqineer 1 
4 Philips Medical System Software developer 1 
5 Electronics Contract Manufacturer DFM engineer 1 
6 Electronics Contract Manufacturer Prototype manufacturer 1 
7 Electronics Contract Manufacturer Component purchaser 1 
8 Electronics Contract Manufacturer Data manaqer 1 

Exlhange standard Processing time ECM (hours) 
No standard 5 

POX 1 

... 
Delay (hours) 

No standard 40 
POX standard 8 

Delivery time 1040 

Deliverable Averag~ quantity (pieces) 
Software modules 4 

Mechanical components 10 

Deliverable · .. · Rework chan 
6 

18 
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Specifically for situation 1 

Deliverables and their rough relationships 

Audit file 

Data package 

Boundary 
scan Net list 
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Data package 

Component 

Data package 
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Minimum required phase 

• :;; 
• • > 
'ii 
"O 
L • a. 
• • .. • .c 
a. 
• u 
~ 
:?. 
:::i 

** 

Tasks per deliverable 

] 1 
~ ! i " e ·i l C, i ; 
~ l ~ I, .. !! :le :I .. ., 

J, 

I ~ ·1 = i ~ :;: < -s 0 i ~ ,! ! ! i .. .x -~ < 

I I 

\'. ! ? ~ i ii 1 "l! ~ ~ j 
! ;ll ~ ! .. ;ll • ;ll ~ w 0 0 0 0 0 

Work t ime (hows) 640 40 B 1 60 B 0 0 0 0 2 0 0 

Role number 2 3 3 1 1 5 1 2 1 1 1 1 1 

Schemattc drawing 
nwc,k 

Released . . . • . 
Mecha\ic.al drawing nwo,t 

(boa,d) 
Released . • 

Mechenical drlwing nwo,t 
(componenO 

Released 

Auditflle 
lnwork 

Released 

lnwork 

Layout drawing f et"DFManatysts 

Released • • 
ooo- Fa- geoer81:1on ......... .. .. 

Released 

Boundary-sun nwo<k 

Released 

Assembly design 
Ftt generetion 

Released 

Net l.t 
for generllUOl'l 

Released 

DOM n wro 
Re¼eased . . 

AML 
For genermion .. 

Released • 
hwortnelphase 

1305 Design TPO Document 
In work prototype phase 

In wort release phMe 

Released 

Form~1acturing 

Prototype For testing 

Released 

To order 

Component To receive ... 
Rece,vea 

Bee. Req. Sheet "-' 
Released 

Software ""'°"' 
Released 

h won: nelphese 

For processi,g 

Ftt review netphase 

In wor1r.: prototype phase • 
01111 PKk-oe, For processng 

In wort( release phase 

f'?'"processing 

FD!" review releese ph:ase ..... 
Released 

Value 0 when all the components are in stock. 
Value 1 when the components have to be ordered. 
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• 
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• 

Value 1 when the POX format is used as format to exchange data. 
Value 5 when no standard format is used to exchange the data. 
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Specifically for situation 2 

Deliverables and their rough relationships 
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Mechanical 
drawing 
(board) 

Assembly 
design 

Mechanical 
drawing 

(component) 

Data package 

Data package 
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Minimum required phase 

"' C -~ 
e 
'C 

i 
£ 
"' 

•• 

Work time (hOtKs) 640 40 8 

Role oomber 2 3 3 

Schematic drawing 
In work 

Released 

Mechanical drawing In work 
(board) Released • 

Mechanical drawing In work 
(component) Released 

Audit file 
In work 

Released 

Layout drawing 
In work 

,,.:: Released 

008++ ~_or gener~ic:ir:t 

ii llii: 
Released 

Boundary scan 
In work 

''''''' 

Released 
/' 

For_gene~~_i_c:ll'l ., Assembty design 
:c Released 
,a ... For_ g_eneration ., Net list .:: Released 
'ii ,, 

BOM 
In work ... ., R~ased 

Q; 

Ill AML In work 

,. 

.!! 
i;:: 

"' 'C 
~ 

"' 
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"' C 
1 + 
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• • • 

• 
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C 

"' ·m 
'C 
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"' 

• 
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Taskspel"deiiverable' 
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"' 

' 

• 

I a 
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C 
C 
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C 
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"' ., 
M 

I 
' 

• 
• 

• 
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1 

~ 

i e 
0.. 

~ 
'C 

0 
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6 2 

·····1···· 

1l 
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0 
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u 

1l 
,: 

"' 
~ 
"" .ll 
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'O 
w 

!! 
I 
'5 
"' 

'C 
w 
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1 
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1 
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• 

• 

• 

• 

" " ~ g 
a. 

40 

8 6 

~ 

"' i 
0. 

i 
C 

200 

8 6 

: ~-~ . ,u>----------<-= =~------1--->--<---!---..J--'--1--1--+----+- -i---..J---1---l---_,__,._ ....... _ ___ _ ___ _j 

t., 1i, __ ~ork pr~ot.YP..~_p_ht'.lse _. 1 ........... , .. . 

• a> \ 1305 Design TPD Document In work ~~l~~~.f:.P~a~_e_ 1 ...... .. . f ,.. 1......... 1........ .. .. L ........ L. . ..... 1 ..... .... .. • 

' 

:U Released • ~1---------+:-===----- --+--l---+-----,1---+--,--+---+-+---+- +---+---+- ~ . -+---+-I---+-----------< 
.!, For manutaduring 

:::;, Prototype For testing 
... ... ····· ··· ··· ' ········· 1····· ·· I .. . ~ 1 ..... . .. . 

Released 

To order 

Component To receive 

Received ' . 
Elec. Req. Sheet In work •·····'·· ...... . 

+i 1-----------+'-'R;:::el;:::eo::,sc,e;:_d _ ____ -+-+---+---+--l----l--+--1--+----1--1--1----•--1---' -+--- +---+---+------------1 

Software 

Data package 

lnwork 1 . . . . . .... ......... , ......... ! 

Released 

I':' ~ork prot.~YP.~. p~~~~ ... 
For proc~?1~ 

For Review prototype phasi 

In work release phase 

For processing 

For review release phase . 

Released 

' 

• I ' I ' ' 

... 1 ......... , ............ ... 1 

• • 

** Value O when all the components are in stock. 
Value 1 when the components have to be ordered. 

Value 1 when the POX format is used as format to exchange data. 
Value 5 when no standard format is used to exchange the data. 
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Mec.h;mkal dUll\,'ing 
(bOAl"d t 

Mechanical dr aw ing 
(com1>0nent} 

Au d tl: file 

L.11y,out di awing 

0 06++ 

Assembly de$ign 

Work 1ime 4hom s l 640 8 40 8 1 60 8 0 0 

Rote m 1mhe1 2 6 3 3 1 2 1 

In work 

For review 

Reletised 

In work 
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For generation 
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• 
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! !! ltet li51 
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· ········ • I 

• 

' 
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! 

1
~ !------ - - -1'-'Ree:lee:•::cs•:::d:__ _ ___ + --+ --+-+--+--+-1- + --+-+--+-+-----+- -+---+--+ ---1----- ---
4) BOM In w ork 

,:,l--- --- - ----1'-'Ree:lee,•::c•ed::,:__ _ _ _ _ -11--- -f- +--+- +--- -l--+-f- +--+-+---+- ---f- --+- - +-11--+- - - - ----• • , I 
! AML 

In work 

=: l-- - - - - ---1"Rele=•:,:se,:,d:__ _ ___ + --'- +--+-+--+- -+-1- +---+- +--+- +--- - - + - - +--- l--+ -f- --- -'----
• 

i • 
o, In work netphase ., 
~ 1.ltS Oe sign TPO docume nt In work protolype phase 
«> In work release phase 

~ Released 
<.> 

~ 
...J Protofyl>e 

Con11)onent 

Elec. Req. Sh eet 

O.rta Package 

For manu!aduring 

For testing 

Released 

To order 

To receive 

Received 

In work 

Released 

In work 

Released 

lnwork netptltlse 

For processing 

For review netphase 

In work prototype phese 

For processing 

In w ork release phase 

For processing 

~or review. release phase 

Released 

• , .. 

.. 

** Value 0 when all the components are in stock. 
Value 1 when the components have to be ordered. 

.. .... . ... ... 

' 

i 

...... , 
• 

• 
• 

, .... 

• .. 

Value 1 when the POX format is used as format to exchange data. 
Value 5 when no standard format is used to exchange the data. 
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APPENDIX 10 OUTPUT SCENARIO 1 

Time 

1 ~ POX, no change, stock I 

2600 
2500 
2400 
2300 
2200 

~ 2100 
~ 2000 
.c 1900 
G) 1800 _§ 

1700 I-
1600 
1500 
1400 
1300 

Less Current More 

Amount of Exchange 

Costs 

I~ POX, no change , stock I 
2190 

2185 

2180 

~ 2175 
::I 

~ 2170 
; 2165 
.§.. 2160 
"' -:;; 2155 
0 
(.) 2150 

2145 

2140 
Less Current More 

Amount of Exchange 
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APPENDIX 11 OUTPUT SCENARIO 2 

Time 

I--+- POX, no change , no stock I 
2600 ~-----------------------~ 
2500 -t---··- ·~·········-······-·· · 
2400 2444 t--:;;::::;:;-:---,,,---::-:::-::--:---+---

2300 - --~-~---2200 
F 2100 
i5 2000 ~------------
:=. 1900 
.§ 1800 
1- 1700 

1600 ++++·················· 
1500 
1400 
1300 +----------,-- --------,---------

Less Current 

Amount of Exchange 

Costs 

I--+- POX, no change, no stock I 

More 

2190 ~-------------------------, 
2185 
2180 

~ 2175 
:::, 

~ 2170 

i ~l~! ++c+••···········•·~·•_ .. _~_~_~~~=- ·~~ ·~==¼.~ 
2140 +-------------------------~ 

Less Current 

Amount of Exchange 

More 
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APPENDIX 12 OUTPUT SCENARIO 3 

Time 

1---.- POX, change , stock I 
2600 
2500 
2400 
2300 
2200 

~ 2100 
i5 2000 
.c: 1900 
Q) 1800 
.§ 1700 I-

1600 
1500 
1400 
1300 

Less Current More 

Amount of Exchange 

Costs 

I___,._ POX, change , stock I 

2190 

2185 

2180 

~ 2175 
:J 

~ 2170 
:; 2165 

21 
.§.. 2160 
"' ui 2155 
0 
u 2150 

2145 
2140 

Less Current More 

Amount of Exchange 
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APPENDIX 13 OUTPUT SCENARIO 4 

Time 

I-er- POX, change, no stock I 
2600 
2500 
2400 
2300 
2200 

~ 2100 
i5 2000 

.t:: 1900 
C1) 1800 
.§ 1700 I-

1600 
1500 
1400 
1300 

Less Current More 

Amount of Exchange 

Costs 

I-er- POX, change , no stock I 
2190 

2185 

2180 
"iii" 2175 ... 
::, 

~ 2170 
:; 2165 
.S 2160 
"' -:;:; 2155 
0 

(..) 2150 

2145 
2140 

Less Current More 

Amount of Exchange 
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APPENDIX 14 OUTPUT SCENARIO 5 

Time 

I--- No POX, no change, stock \ 

2600 .,.----------------------------, 
2500 
2400 
2300 
2200 

~ 2100 
g 2000 
~ 1900 ~------ -- -----
.§ 1800 
~ 1700 -------

1600 +---~ 

1500 + · -· ···· ·"•"·· 
1400 
1300 ---------------------------

Less Current 

Amount of Exchange 

Costs 

1---No POX, no change, stock \ 

More 

2190 .,.--------------------------~ 
2185 

2180 

~ 2175 +------------
:::, 

~ 2170 
; 2165 
.S 2160 
en 
-:;; 2155 
0 

u 2150 - ----

2145 +--------
2140 ----------------------------

Less Current 

Amount of Exchange 
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APPENDIX 15 

2600 -,-----
2500 
2400 
2300 
2200 

~ 2100 
~ 2000 

OUTPUT SCENARIO 6 

Time 

I-a- No POX, no change , no stock I 

.c: 1900 - ------~---- ~ E 1800 +----

i= 1700 - --- - .... .... . 
1600 ------- -~-------------------~ 
1500 -------- --
1400 
1300 -----------,----------,-------------1 

Less 

2190 ~-----
21 8 5 +··"'·"1'····•~+@%\ 

2180 ~+··•·······•·1•,i• 1,i\i# 

~ 2175 
::, 
_g 2170 

; 2165 

Current 

Amount of Exchange 

Costs 

1--a- No POX, no change, no stock I 

More 

E.. 2160 +------~~ 7±±0±±0±±0±±7""---~-,-----~------1 

; 2155 ---~~ft·r., ~ ~·····• •·•• •hhh'l08'-----~-~ ---•·---···•·····•d 
8 2150 

2145 

2140 +---- ------,------ - -----------~ 
Less Current 

Amount of Exchange 

More 
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Time 

I---+- No POX, change, stock I 
2600 ~-------------------------~ 

2500 ~----~--------- - -------,---2400 
2300 
2200 

~ 2100 
~ 2000 

.c: 1900 

.§ 1800 
1- 1700 +--------------------~-------! 

1600 +-----------....... ------"'------~-------i 
1500 
1400 
1300 +-====----'--" 

Less 

2190 
2185 

2180 

~ 2175 
::::, 

_g 2170 

~ 2165 
.§. 2160 
!? 2155 
"' 0 

2150 u 
2145 

2140 
Less 

Current 

Amount of Exchange 

Costs 

j---+- No POX, change, stock I 

Current 

Amount of Exchange 

- 77 -

More 

More 

7 
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APPENDIX 17 OUTPUT SCENARIO 8 

Time 

1 ~ No POX, change , no stock I 

2600 .,....,--------,,,----....,,,..------------,,,,--------, 
2500 
2400 
2300 ++---------,.--~--+----,------,=;;;;-- s::,----,.----i 
2200 

~ 2100 
~ 2000 
.c 1900 
.§ 1800 
1- 1700 

1600 
1500 
1400 
1300 +--------- --,------------------ ~ 

Less Current 

Amount of Exchange 

Costs 

I~ No POX, change , no stock I 

More 

2190 .,--------:::~:1n1:------,,,,,,---------------------, 
2185 

2180 

~ 2175 
::::, 

_g 2170 

~ 2165 
.S 2160 

~ 2155 

8 2150 
2145 

--- -·-----
----------- 2178,4 ______ _....178 --- -· 

2140 +-----------,----------------------1 
Less Current 

Amount of Exchange 

- 78 -

More 
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2600 
2500 
2400 
2300 
2200 

-;;;- 2100 ... 
::, 

2000 0 
.s:::. 

Cl> 
1900 

E 1800 
j:: 1700 

1600 
1500 
1400 
1300 

2190 

2185 

2180 

~ 2175 

i5 2170 
.c 

~ 2165 

.S 2160 
"' iii 2155 
0 
u 2150 

2145 

2140 

Time 

1--es- POX, change, no stock I 

++----------- - ---------------~---i 
Less 

2176,4 

Less 

Current 

Amount of Exchange 

Costs 

!--es- POX, change , no stock I 

2166,4 

Current 

Amount of Exchange 

2166 

More 




