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1 Introduction 
 
Changes and modifications in forms, fits, materials, dimensions, functions, etc. of a product or 
part are referred to as product design changes before the design is released, or engineering 
changes (ECs) after the design is released. An EC usually includes a resulting series of 
downstream changes along the product development process. Organisational, technological 
and operational changes are often causes for ECs [1]. ECs are a very significant issue in any 
product development process and especially in any new product development process.    
 
The scope of this paper is to report on the use of a specific business process modelling and 
simulation technique, namely System Dynamics, in order to develop an efficient and effective 
Engineering Change Management System. System Dynamics is a modelling technique that is 
especially suited for modelling, simulating and analysing the behavioural aspects of a system, 
i.e. the way that the system elements interact and influence each other to generate overall 
system behaviour. In terms of the New Product/Service Introduction (NP/SI) process, such an 
analysis can reveal positive or negative feedback loops in the process, thereby allowing 
managers to understand the likely impact of ‘local’ changes on overall process cost, time, and 
perceived quality. 
 
To the best of our knowledge this is the first attempt to use the methodology of System 
Dynamics in order to develop an Engineering Changes Management System. The primary aim 
is to simulate the NP/SI process of two particular companies in Greece and get an indication 
of the relationship between cost, time and quality. Furthermore, by inserting disturbances into 
the models and then simulating the NP/SI processes, it is possible to get an overview of the 
effects of ECs throughout this process. The results of the simulation process together with the 
ECs background, can provide the basis for developing an Engineering Change Management 
System, which when managed effectively can lead to an improved environment for product 
innovation, and provides a favourable opportunity for increased sales and profits. 
 
 
 



2 The NP/SI Process and Engineering Changes 
 
2.1 NP/SI Process 
 
The development and marketing of new products and services are amongst the most powerful 
weapons that organisations can use in order to survive and prosper under turbulent market 
conditions. The successful introduction of a new product or service can assist an organisation 
to remain competitive by being able to address the continuously changing market 
requirements. Therefore, the process of NP/SI constitutes a crucial activity for every 
organisation. 
 
Numerous studies have investigated why some new products and/or services succeed, while 
others fail. These studies have proved extremely valuable in that they have identified a myriad 
of success factors at the project level. What is missing in this analysis, however, is a broader 
or more macro view of the determinants of success. That is, we must move from the micro, or 
project level of analysis, to the company or macro level [2]. 
 
New products and/or services are emerging continuously at an accelerated rate because of 
dynamic forces such as accelerated technology development, greater customer demands, total 
quality management, global competition, reengineering, shared information systems, and 
government regulations, but the processes for developing them are still a series of discrete 
steps. NP/SI needs to be a continuous process as we move into an era of continuous 
innovation [3]. 
 
Despite the importance of the NP/SI process and the subsequent attention it has received by 
researchers and managers alike, relatively little attention has been paid to date on developing 
comprehensive models of the process itself to support understanding, analysis, and decision 
making. Such models can be a useful means of studying the dynamics of the process and 
identifying the factors that influence the overall process effectiveness (measured in terms of 
cost, time, and quality metrics). Prior to any process improvement activity, the NP/SI process, 
and in general any process, need to be understood, described and analysed. Perhaps the 
easiest, fastest and best way for achieving this is by using business process modelling.  
 
Previous work at Cranfield University by Rooney and Peters [4] resulted in the development 
of a model for New Product Design and Development (NPDD). The NPDD model was the 
result of the identification and analysis of industry best practices. None of the models 
presented within the literature seem to be truly generic, that is, applicable to the New Product 
/ Service Introduction process in any company. The aim of a generic model is to give an 
overview of the New Product / Service Introduction process that will be relevant to any 
company. The NPDD model has been derived from experience over a number of years from a 
wide range of businesses and market sectors in the United Kingdom.  
 
The model, resulting from the research, is illustrated diagrammatically in Figure 1. It 
explicitly includes management related facilitation issues, a breakdown of the NPDD process 
and placement of key supporting quality tools and techniques.  
 



 
Figure 1: The NPD Process 
 
 
2.2 Engineering Changes 
 
In an environment of ever shortening product life cycles, increased customer expectation, 
technology advancements and increased market competition, the only factor that remains 
constant within a modern manufacturing operation is change. Such changes are ultimately 
reflected in the products and the manufacturing processes. 
 
One particular type of change apparent within a manufacturing or assembly environment is 
engineering change. Throughout every stage of a product’s life cycle there may exist a 
requirement to change some parts to an existing product. The changes and modifications in 
forms, fits, materials, dimensions, functions, etc. of a product or component are usually 
referred to as engineering changes (ECs) [5]. 
 
ECs are the method of implementing modifications to a product’s design, documentation, or 
method of manufacture. They arise for a number of reasons: Design Enhancements (to extend 
the product’s life cycle or broaden its range of applications), Manufacturing Process 
Developments (to redesign a component to meet process capability constraints or improve 
productivity), Materials Advancements (materials with superior engineering properties or 
cheaper manufacturing costs may become available), Documentation Errors (the storage of 
product information is susceptible to integrity problems and transposition errors). 
 
An EC can be desirable and add value to a product, such as an enhancement. It can extend the 
life expectancy of a product or enable that product to be more marketable. Engineering 
change can also be undesirable and non-value adding. It can be the result of poor initial 
design, badly selected suppliers or rushed new product introduction as a result of poor project 
management. 
 
An EC can be as simple as a documentary amendment, or as complicated as a complete re-
organisation. If ECs are handled properly and proactively, a company can gain significant 
competitiveness in the market place. This is clearly a move towards agile manufacturing. The 
essence here is the ability to change quickly and easily. Failure to control ECs can lead to lost 
time and money, as well as a loss of control over the configuration of products, leading to a 
situation of low profitability [1] and the damaging of the company’s reputation [6]. Therefore, 
in order to manage such changes, procedures need to be in place to co-ordinate and control 
change in an effective manner. 



3 Engineering Change Management System (ECMS) 
 
Using the methodology of System Dynamics the authors have developed a model for the 
NP/SI process and have managed to simulate it using data and information from two 
companies in Greece [7-8]. The objective of the simulation was to determine the relationships 
between cost, time and quality of the NP/SI process of the companies under examination. By 
inserting disturbances (ECs) into the models and then simulating again the NP/SI processes, it 
is possible to get an overview of the effects of ECs throughout these processes. The results of 
the simulation process can be summarised in the next two figures. 

Figure 2: Maximum cost due to EC (Electronics Manufacturing Sector Case Study) 

Figure 3: Maximum cost due to EC (Service Engineering Sector Case Study) 
 
The above two figures illustrate the cost effect when only one EC occurs in the NP/SI process. 
In particular, for the Electronics Manufacturing Sector organisation, if an EC occurs at the 
concept stage there will be an increase of £30,000 (i.e. 13% of the total NP/SI process cost), 
while an EC that occurs at the concept stage of the Testing Centre organisation will increase 
the cost of the NP/SI process by £6,620 (i.e. 11% of the total NP/SI process cost). The 
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percentage increase of the cost of the NP/SI process when ECs occur at different stages of the 
process is shown in Table 1.     
 

 Electronics Manufacturing 
Sector 

Service Engineering 
Sector 

Idea Stage 1.3% 0.5% 
Concept Stage 13% 11% 
Design Stage 44.4% 57.5% 
Pre-Production Validation 67.3% 84.1% 
Production/ Distribution 96.3% 98.1% 
Post Company 97.3% 99% 

Table 1: Percentage increase of the cost of the NP/SI process (when only one EC occurs) 
 
As already mentioned, the above percentage figures indicate the increase in the cost when 
only one EC occurs during the NP/SI process. It is clear, that the magnitude of the effect 
grows exponentially as the number of ECs during the NP/SI process increases. 
 
In a different study, Machowski and Dale [9] reported that the average administration cost per 
EC, in an organisation involved in the manufacture of telecommunications equipment, was 
£1,000. The yearly cost of ECs was estimated to be between £168,000 to £210,000. It is 
worth noting that the actual cost of making any changes accelerates rapidly as product release 
approaches. The potential impact of ECs can be represented as follows: 
 Concept stage = x 
 Design stage = 10x 
 Pre-Production Validation stage = 100x 
 Production stage = 1,000x 
 Post-release = 10,000x    [10] 
 
It is therefore obvious, that an effective and efficient engineering change management system 
(ECMS) is required to handle ECs and their effects. Engineering Change Management, like 
any other business process, needs to be strictly controlled. The main requirement for any 
manufacturing and/or engineering organisation is to reduce not only the number of ECs but 
also the EC cycle time, defined as the time taken from the EC being raised to its successful 
introduction into the product or service. 
 
Previous research has identified a number of strategies a development organisation can adopt 
to reduce the negative consequences of ECs. Terwiesch and Loch have classified this prior 
work into four groups and summarise the major findings in the form of “Four Principles of 
EC Management”. 
 
Principle 1: Avoid unnecessary changes 
Many ECs are not necessary and can be avoided if the engineer responsible spends more time 
on the first release of the component. Since, on average, every component has to be changed 
once [11], many engineers feel no reason to provide good information to other parties in their 
“first shot”, as they know they will have to rework the component anyway [12]. 
 
Principle 2: Reduce the negative impacts of an EC   
The second principle takes the occurrence of an EC as given, and focuses on minimising the 
negative impact of the change. This impact is a function of the magnitude of the change, its 
timing, and the number of components and tools that are affected by the change [12]. 
 



Principle 3: Detect ECs early 
The third principle is based on the observation that ECs become more expensive and harder to 
include the later they are implemented, thus making it desirable to detect the need for changes 
as early as possible in the process. Recent advances in computer aided design, rapid 
prototyping, and computer simulation have allowed development organisations to detect ECs 
far earlier in the process, at substantially lower cost [12]. 
 
Principle 4: Speed up the EC process 
The fourth principle refers to the complex decision and support process, which manages and 
co-ordinates the ECs. Like any other administrative or production process, the EC process 
often suffers the symptoms of long response times [12]. 
 
The first three principles all have their roots in the engineering domain and are related to the 
technical problem solving characteristics of the change, while the last one is process-driven 
and thus a subject of management within the organisation. 
 
There are two extreme approaches to managing ECs. One is formal and the other ad hoc [1]. 
Some organisations use a formal ECMS , with well-structured procedure to handle ECs, well-
defined documentation (EC Requests, EC Notices, etc.) and clearly stated authorities and 
responsibilities ( EC Board, or EC Committee). On the other hand, some organisations deal 
with ECs in a very informal approach, with no specific procedure to handle ECs. To 
emphasise the difference between these two approaches, the ad hoc approach is similar to 
leading an army into battle without having any well-planned strategy, while the ECMS 
approach is leading an army into battle having a well-planned strategy. The great generals of 
the past have proved that victory is a not a matter of arms and numbers of soldiers alone, but 
also of tactics and well-planned strategy as well. 
 
There is a noticeable lack of literature on the subject of ECs and ECMSs. Some of the main 
reasons for this might be: 
 The strong interest in concurrent engineering to eliminate, or reduce, the need for ECs 
 The stigma attached to ECs, which are perceived to be patching-up solutions 
 The belief that there is not much to understand about the subject [13], e.g. it is relatively 

straightforward and hence of little academic interest 
 The growing popularity of Engineering Data Management systems which are perceived to 

have considered all the difficulties associated with EC and thus to have ‘solved’ the 
problem. 

 
Despite the fact that the literature on ECs and ECMSs is very limited (only about 25 papers 
have been found by searching over major databases) it was possible to get an overview of 
current ECMS practice. What seems to be common in all formal ECMSs are: a well-
structured EC procedure, an EC board, an EC co-ordinator, proposal of ECs, approval of ECs, 
notification of ECs, recording of ECs and implementation of ECs. 
 
The authors of this paper, using all available knowledge and information from the literature, 
together with the experience gained by studying the two organisations that participated in the 
study, have developed a comprehensive ECMS. This ECMS, which is illustrated in Figure 4, 
is considered to be both generic and specific enough to be applicable to any kind of 
organisation.     
 
 
 



 
Figure 4: Engineering Change Management System   
 
The ECMS procedure starts when a problem has been determined. The person who detects the 
problem or his/her supervisor, becomes the EC initiator and has to investigate the EC and 
understand the reasons why it should happen. Once the change initiator has been assured that 
a change is necessary he/she raises an EC Request which should include a description of the 
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proposed change, the reason for change, and all known functional areas affected by the 
change. The EC Request needs to be transmitted to the program manager.  
 
The program manager, together with the organisation’s top management should convene an 
EC Board and an EC Co-ordinator. The EC Board and EC Co-ordinator will then review the 
EC Request and decide whether the EC Request is to be rejected, in which case they need to 
inform the change initiator of the reason(s) for its rejection, or whether the EC Request is be 
accepted and therefore proceed to approval by the affected functions of the organisation. 
 
Once the EC Board has accepted the EC Request, the functional areas of the organisation 
affected need to give authorisation for the EC. Such authorisations include Technical 
Authorisation, Design Authorisation, Quality Authorisation, Service Authorisation, Marketing 
Authorisation and Buying Authorisation. The authorised EC Request is then investigated and 
tested to assess its effectiveness. Among the various techniques, which can be used for testing 
an EC, are manufacturing and process simulation. The EC Board needs once again to review 
the progress of the EC and decide on its rejection or continuation. 
 
If it is decided that the EC should be implemented then the EC Co-ordinator, together with the 
EC Board, need to formulate any further actions to be taken for EC implementation and then 
to initiate EC implementation. At this point all appropriate personnel need to be notified about 
the EC and the product information needs to be modified. The EC is then implemented and 
the implementation monitored to gain maximum effectiveness. 

 
4 ECMS using System Dynamics 
 
The System Dynamics modelling technique was used to transform the generic ECMS  
illustrated in Figure 4 into a computer-based model that could be run dynamically and 
analysed. The main aims of this modelling were to gain additional insight into the dynamics 
of the generic ECMS process, and to identify ‘hidden’ or difficult to establish inter-
relationships between the various activities which constitute the whole process. The ultimate 
objective is to use customised versions of this model in order to measure the effectiveness of 
the ECMS process in particular organisations, and to guide (in an informed manner) 
managerial decision-making with reference to the optimal arrangement of activities and use of 
quality tools and techniques within the NP/SI process. 
 
For the purposes of the modelling of ECMS, an extensive study was carried out, evaluating 
the available software packages for simulation modelling. The selection process was based on 
three criteria: the capability of the s/w package to perform the activities decided to be 
necessary for the research, the cost of the s/w package and the user friendliness of the 
package. Among the identified software packages, iThink of Cognitus was chosen. iThink is a 
powerful simulation tool, designed to improve performance, profitability and organisational 
learning. iThink gives the ability to quickly build sophisticated dynamic models of a business 
process and also to simulate these processes using a simple 3-step progression (process 
mapping, process modelling, and process simulation) [8]. 
 
Figure 5 illustrates the overall ECMS model developed using iThink software.  
 
 
 



Figure 5: ECMS model using System Dynamics methodology (iThink s/w) 
 
By quantifying the relationships implied by the links in the System Dynamics model, it is 
possible to simulate the model and gain quantitative information on model dynamics. For 
example, modellers and decision-makers can experiment with different options for arranging 
activities or for using different quality tools and techniques, and assess (in real-time) the 
effects of their decisions on the overall ECMS process. The Key Performance Indicators that 
can be measured through this process are Time (the duration of the whole ECMS process or 
of the individual stages it consists of), and Cost (depending on the cost drivers as determined 
by each particular company). 
 
For example, one can experiment with different options regarding the number of man hours 
spent on authorising ECs (to use the example of Figure 5), and evaluate the best balance 
between additional costs (due to time and manpower spent in authorising ECs) and time. It 
should, however, be noted that in order for the System Dynamics model to be used in such a 
quantitative fashion, a significant amount of data must be collected, analysed, and used within 
the model. Since these data have to come from particular organisational settings, it is not 
possible to quantitatively simulate the model in a generic case (i.e. for every company). The 
generic model can be used for qualitative evaluation of the ECMS process, as well as a 
baseline for the development of ‘customised’ models for individual organisations. 
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5 Conclusions 
 
Modeling and simulation are powerful tools for process improvement. In terms of the NP/SI 
process, modelling and simulation give the opportunity for organisations to identify the 
specific stage(s) of their NPD process that need to be improved [8]. Furthermore, new process 
designs can be tested prior to implementation, providing managers with a ‘laboratory’ 
situation where they can generate and experiment with ideas for process improvement without 
bearing the cost of applying them in the organisational workplace. Modelling and simulation 
also allow managers to understand the likely impact of ‘local’ changes on overall process 
cost, time, and perceived quality. 
 
ECs are a very significant issue in any product development process and especially those 
concerned with new products. It is obvious, that an effective and efficient ECMS is required 
to handle ECs and their effects. Using the methodology of System Dynamics a generic model 
of the ECMS has been developed in such a way that it is possible to simulate it and identify 
the relationship between cost and time to allow improvement. Future work in this area will 
focus on testing the ECMS model using real data from a variety of commercial organisations. 
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