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PREFACE 

This is the final report of my graduation project at Rank Xerox Venray. The project has been carried 
out as the last part of the study Industrial Engineering and Management Science at the Technical 
University of Eindhoven. 
The project is about the design change process. The process is analyzed and conclusions and 
recommendations are given. After identifying problem areas and potential solutions, a solution is 
selected. This solution is worked out completely. 

I will use this page to thank all people involved in my graduation project. Especially my mentor at Rank 
Xerox, Frank Jacobs, and my mentors at the University, Peter Sander and Han Harthoom, for their 
feedback during my graduation project and their comments on my concept report. 
I will also thank Lies Coenen, who provided me with an enormous amount of information on CR's. 
Special thanks also for Colin Saggers in Welwyn Garden City, who introduced me to the right people at 
RXTC and contributed to a nice and useful week in England. 

It has to be mentioned here that this report has to be treated confidentially. This especially concerns the 
information on the performance of the Design Change. Process within Rank Xerox. Therefore, not all 
data are given in this report. In these cases, the data is replaced by a ' -- private data --- ' mark. 

Silvester Snijders, July 1996. 
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ABSTRACT 

This graduation project is focused on the Design Change Process within Rank Xerox. This Change 
Process is analyzed in Venray, where the copiers are build, and in Welwyn Garden City, UK, where 
they are designed. After analyzing the process and its performance, problem areas and potential 
solutions are identified. A solution is worked out ready for implementation and recommendations are 
given for further improvement. 
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EXECUTIVE SUMMARY 

This report describes a research project carried out as the final part of the Masters Program in 
Industrial Engineering an Management Science at the Eindhoven University of Technology. The 
graduation project was conducted at Rank Xerox Venray, a large manufacturer of copiers. 
This executive summary is especially written for people within Rank Xerox who want to be informed 
quickly on the solution described and the implementation possibilities. Therefore it does not 
summarize the whole report, but gives the essentials of the solution to be implemented and all other 
recommendations. 

Starting-point of the research and objectives 
The main question was to investigate the process of analyzing requests for design changes. The 
motivation of this graduation assignment is that the Design Change Process is not functioning 
satisfactory in the opinion of people from different departments within Rank Xerox Venray and 
suppliers. The main problems are: 
• unclear motivation of decisions on CR's; 
• high number of design changes; 
• bending of the change procedure to speed up the p_rocess (e.g. using CRLV's instead ofCR's). 

The Design Change Process is complicated by the fact that most copiers manufactured at Rank Xerox 
Manufacturing in Venray are designed at Rank Xerox Technical Centre (RXTC) in Welwyn Garden 
City, UK. 
Considering the problems stated above as symptoms of elements in the Change Process that need 
improvement, the Change Process is analyzed from CR to BA. The objectives of the research are stated 
in the frame below: 

Objectives Graduation Assignment: 
• Improved design change process 
• Reduced number of design changes 

Analysis 
To reach these objectives, the Design Change Process is analyzed in two ways . 
• First, the process itself is analyzed by drawing the flow of Change Requests, CR's. 
• Second, the performance of this process is measured considering the following parameters: 
l. The number of CR's is raised. 
2. The types of changes or classes 
3. The completeness of information accompanying the request 
4. The money it takes to analyze the change 
5. The time it takes to analyze the change 
6. The number of outstanding CR's 
7. The validation of the decision to change 
8. The effectiveness of the change 
9. The number of implemented changes and rejected requests 
IO.The design stability 

The flow chart is described in chapter 6. The performance is described in the chapters 7 and 8. The ten 
performance elements are pictured in the black box model of the Design Change Process in figure I. 
The numbers of the elements correspond with the numbers in figure l . 
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4. Cost of change 

' 
C_R _________ 1:11llm;rleJ.fl-_________ R_es_u __ 1t 

1. Number of CR's raised 
2. Classes 
3. Completeness of Information 

5. Throughput-time 

7. Validation 
8. Effectiveness 
9. Number of CR's implemented/rejected 
10. Design Stability 

6. Number of CR's outstanding 

Figure I . Change Process performance Model 

Results 
The performance is measured for the Wildfire programme. The most important results on the 
perfonnance elements are given below. 
I. A large number of CR's is raised, 1243 in total, to create a machine with 162 unique parts. 
2. One third of the total number of CR's are Design Revision CR's, to correct Initial Design. 
3. Welwyn Garden City is satisfied with the information from Venray concerning design changes. 

Manufacturing Engineering is less satisfied, as the information given does not always have the 
expected consequences. 

4. Analyzing a CR takes about$ 1000. implementing a change costs about$ 5000. These numbers are 
commonly used estimates, or rules of thumb. Exact numbers are not known. 

5. It takes about seven weeks to analyze a CR, from raise to final disposition. Venray generated CR's 
take a little more than two months. 

6. After the Launch of Wildfire, about 80 CR's were still outstanding. This is more than 6% of the 
total number of CR's. 

7. The idea exists that not all changes are necessary or valid. The past showed that whole new 
machines could not be sold because the changes or modifications were not desired by the customer. 

8. Many parts are changed more than once. The average number of changes is l,23 for PQ parts. 
Taking in account only the changed parts, the average number of changes is even more: 2,25 times. 

9. Of the total number of CR's raised and dispositioned for Wildfire, 80% is finally implemented. 
About 20% is rejected. 

IO.The target for the design stability, the number of parts cut-in per period, is not reached during the 
Launch phase. Overall, it can be concluded that the designs are not as stable as desired. 

Additional conclusions obtained from the analysis of the Design Change Process are listed below: 
l . CR's from Venray are communicated directly to the PDT, without screening the contents on. 

technical aspects. 
2. No priority is indicated on the CR's from Venray 
3. CR's from Welwyn Garden City are communicated to Venray after analysis, so Venray does not 

know what changes are coming and Manufacturing impacts and inputs in design are given relatively 
late in the Change Process. 

4. Documentation, including electronic documentation, is not always controlled completely or 
accurately in Welwyn Garden City. 

5. The information on a CR is not always correct or complete concerning Sub-System numbers, 
problem statement or possible solutions. 

6. Obtaining impacts from suppliers on the change of a part and the cost of changing the tooling takes a 
long time, about seven weeks. 

7. The CCB is represented by Configuration Control and FPP in Venray. Manufacturing Engineering is 
not represented. 

Continuous Manufacturing Involvement V 



Problem areas 
Based on the conclusions of the analyses, problem areas can be indicated. Table I gives these problem 
areas, related to the objectives. The third column gives the characters corresponding to the 
recommendations given in the report. 

Table l . Objectives, problem areas and recommendations. 

::[Hdiat.ffiI[fdt{littntmmmrna:1m;mmtl{{dlfflb.t&KIE.ifltt{lllf{%t!tt=:t1:::1c~a.mmamiUlh? 
I. lmproved Design Change Process l . Information B, C, F 

2. Communication D, G, I, K, L 
3. Welwyn Garden City internal E, J, M 
4. FPP H 
5. Implementation 0 

II. Reduced number of desism changes 6 . Number of changes A, N 

The first problem area is information. This is the information that accompanies the CR, but also the 
specific Manufacturing information that is necessary to change a part with as less problems in 
Manufacturing as possible. Complete and clear information is necessary to determine priorities and find 
a satisfactory solution. Manufacturing information is. needed to prevent manufacturing problems and to 
incorporate manufacturing opportunities in design. 
Communication is the second problem area. Communication between design and Manufacturing often 
takes place late in the change process, when things are already worked out and adapting the change is 
more difficult. Earlier Manufacturing involvement is therefore necessary. 
The third problem area concerns internal processes in Welwyn Garden City, which are not worked out 
further. This can also be said about the fourth problem area FPP, Forward Product Procurement. FPP 
has to obtain the impacts from the suppliers, which often takes a long time. 
The fifth problem area is implementation. It is hard to deal with many changes in implementation. As 
this problem area is outside the defined part of the process, from CR to BA, this is not worked out. 
The last problem area is the number of changes. Many changes are analyzed and implemented. The 
current situation is that Design mainly determines if a change is necessary. Manufacturing can hardly 
prevent changes. Furthermore, changes are not always correct in one time. Often several design 
iterations are carried out, not always necessarily. 

The problem areas l, 2 and 6 are worked out in the solution which is mentioned in the title of this 
report: Continuous Manufacturing Involvement, CMI. These problem areas are chosen for two reasons. 
The first reason is that it has impact on the early stages of the Change Process, the most important 
phases for design. The second reason is that these recommendations can all be worked out for 
Manufacturing Engineering in Venray for a large part. 

Recommendations 
The recommendations mentioned in table l are given in table 2. 
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Table 2. Recommendations 

A. Check the contents of the CR to determine if the change is necessary. 
B. Always use a clear problem statement and if possible suggestions for solving the problem, to speed 

up and 'guide' the process. 
C. Make sure the CR contains a clear description of the priority of the change. 
D. Communicate important CR's from PDT to Manufacturing Engineering so it is known what changes 

are coming. 
E. Improve document control, including electronic documents. 
F. Make sure the right SIS-number is on the CR. 
G. Investigate possibilities of giving manufacturing engineering impacts earlier in the design process . 
H. Investigate possibilities of speeding up the process of obtaining impacts from toolmakers and 

suppliers. 
I. Have a Manufacturing Engineer attend the CCB to take part in the final decision. 
J. Use the classification e.g . for setting priorities, as described in the theory 
K. Communicate more in initial design, e.g. by having a Manufacturing Engineer in Welwyn Garden 

City. 
L. Have a centralized person in Venray for tracking CR's and regulating contact with originators and 

design. 
M. Treat Documentation update CR's faster to have reliable documentation. 
N. Improve the effectiveness of changes by investigating the causes of design iterations. 
0. Investigate oossibilities for Batch cut-in of changed parts to reduce the disturbance of production. 

The selected recommendations are incorporated in the following solution. 

Solution: Continuous Manufacturing Involvement 
Continuous Manufacturing Involvement can be established in two ways. The first way is to filter all 
CR's that are communicated from Venray to Welwyn Garden City. These requests are screened by 
Manufacturing Engineering and information is added to guide the change through the process. The goals 
of the filter are stated in the frame below. 

Goals of the Manufacturing Engineering Filter: 
• Reduce the number of CR's as much as possible 
• Add information necessary to guide the Change Request through the Change Process 

The second way Manufacturing can be more involved in design changes is to filter all CR's raised by 
Design in Welwyn Garden City. Personal communication by Manufacturing Engineering has to achieve 
the goals of this filter, as stated in the frame below. 

Goals of the Manufacturing Engineering Filter in Welwyn Garden City: 
• Reduce the number ofCR's as much as possible 
• Achieve mutual agreed priorities. 
• Give Manufacturing input on the change 
• Give Estimate of Manufacturing Impacts 

This way, priorities are no longer set by Design alone, but by Design and Manufacturing. Very 
important is the manufacturing input on changes. Before a change is being worked on, design will know 
what manufacturing problems to deal with and what possibilities there are for solving problems. 

This filter will add a cost of about 50 guilders to each CR. As implementing a change costs about 8500 
guilders, the filter will break even if one every 170 changes is avoided. 
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The workload of the Manufacturing Engineering department will increase with about 3%. If changes are 
avoided, this decreases the workload. An estimate is made of 2% reduction. Overall, the filter will 
increase the workload for Manufacturing Engineering with about l %. 

Impacts of the solution on the Design Change Process 
The expected impacts of implementing this filter concerning the performance elements described earlier, 
are given below. Where possible, the impacts are quantified. Sometimes an estimate is given, but the 
motivation of most numbers can be found in chapter IO of this report. 
l. The number of CR's raised will decrease with at least a few percent, as duplicate CR's are filtered 

out and some CR's that are now covered can be combined in advance. 
2. The category 'design revision' is likely to become smaller with about 7%. 
3. The information from Rank Xerox Venray to Welwyn Garden City and vice versa will improve. 

More detailed information is shared and mutual agreed priorities are set. Manufacturing impacts are 
given early in the design change process. 

4. The cost of a single change will increase with about F 50,- while total change costs will decrease. 
Money is saved by less changed parts because less tooling has to be adapted, which saves$ 5000,­
for each avoided change. For Wildfire, 7% less changes would have saved more than F 80.000,-. 

5. The throughput-time of a single change will probably be longer because of the filter activities that 
need to be performed on the change. This could take a week at most . As, however, priorities are set 
better, the changes that really need to be done quickly, are done more quickly. If Welwyn Garden 
City has less CR's to work on, this will reduce the throughput-time, eventually, with about a week. 

6. The number of outstanding CR's will reduce because of better priorities and more rejects . A 
reduction of 50% after the Launch seems a reasonable estimate. 

7. The validation of changes will improve, as changes are mutually agreed upon. As the validation is 
not quantified, the effect of the filter cannot be quantified either. 

8. The effectiveness will improve, as more changes are performed in less times . As about 7% of the 
changes can be avoided, the effectiveness will improve with 7% as well . 

9. The number of CR's implemented will be reduced with about 7%. The number ofCR's rejected will 
possibly increase, but at a very early stage where minimal resources are spent. If, however, CR's 
that are likely to be rejected are filtered out for a large part, they will not even be formally raised, 
which reduces the number of rejects with a few percent. 

IO.Last, but not least, the design stability will improve as less changes have to be implemented in 
production. Here, the same number of 7% can be used as an estimate. 

Other recommendations 
The remaining recommendations are listed in table 3. The second column gives the name of the 
department or site that has to work out the recommendation. For recommendation 0 , more departments 
are involved. A team can be formed, but it can also be investigated by BPR, Business Process 
Reengineering. 

Table 3. Remaining recommendations and responsibilities 

/Rtt-8iti6~!ft]? r:rr = :::n;t?FlI@t%W@rt@%M1%WKli}ttfllltf::t:tr:tt:JlH~b.l ii••~Tlt:fMti:M 
E. Improve document control, including electronic documents . WGC - printroom/CM 
H. Investigate possibilities of speeding up the process of obtaining impacts FPP 

from toolmakers and suppliers. 
J. Use the classification e.g . for setting priorities, as described in the theory. 
M. Treat Documentation update CR's faster to have reliable documentation. 
0 . Investigate possibilities for Batch cut-in of changed parts to reduce the 

disturbance of production. 

WGC - Design 
WGC - Design 
ME, FPP, Production 
or BPR 

This executive summary closes with two additional recommendations for further investigation. 

lnvestigate the consequences of changes in detail with respect to Life-Time costs . Costdown changes 
can reduce the cost of a producing the machine in Venray, but increase the life-time cost. Changed parts 
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affect the possibilities for remanufacturing, which has consequences for the cost of production of other 
machines. A Team with representatives from Design, Costdown, Remanufacturing, Production, Field 
and Spares has to be fonned to investigate this . 

To continue improving the process of design and changing design, it is recommended to adapt the 
performance model described in this report to be able to measure the perfonnance of the change process 
quickly. Corrective actions can be taken based on this perfonnance. This recommendation has to be 
carried out by Quality Management in Welwyn Garden City. 
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CHAPTER 1. INTRODUCTION 

This report describes my graduation project at Rank Xerox Venray. The project has been carried out 
as the last part of the study Industrial Engineering and Management &ience, Eindhoven University of 
Technology. This chapter will explain the background of the project.first. The second paragraph 
describes the investigation carried out at Rank Xerox Venray before the start of this graduation 
project. The last paragraph will explain the contents of this report. 

1.1 Background: The KISS-project 

This graduation project is part of the second phase of the KISS-project. Kiss is short for 'Kwaliteit in 
lnnovatie door Samenwerking en Synergie', which is Dutch for 'Quality in Innovation through 
Cooperation and Synergy'. The KISS-project is carried out by thirteen students, including the author of 
this report, and eight staff-members from the study 'Industrial Engineering and Management Science' of 
the Technical University at Eindhoven and the 'Frits Philips Institute for Quality Management', 
FPIQM. 
In the first phase, the students visited 25 companies. Seven of them are large outsourcing companies. 
The other eighteen companies are suppliers. Recent outsourcing-projects have been investigated. Every 
company taking part in the KISS-project has been given a report about their project. The report gives an 
objective reflection of the project in terms of innovation-process, cooperation-process and results . The 
report for Rank Xerox Venray is listed in the literature-overview [I]. The recommendation in this report 
that was the reason to start my graduation project is explained in paragraph 1.2. 
After that, the eighteen projects have been compared to have a view of the way companies cooperate in 
innovation. This is described in the KISS interim report [2], where some conclusions are already 
included. 

The second phase of the KISS-project consists of thirteen individual graduation-projects. This is one of 
them. Together, the projects will give a detailed description of some aspects of cooperation in 
innovation. These insights will be used in the final KISS-report, to be presented in November 1996. 

1.2 KISS-investigation at Rank Xerox Venray 

In the KISS-investigation, six suppliers took part: Amkor Zeefdruk BV, Cetra Metaal BV, Dru lP&S 
BV, Hengelose Verenfabriek Bakker BV, Van Niftrik BV and Reell Precision Manufacturing BV 
In describing the cooperation of these companies with Rank Xerox Venray, we came upon some 
bottlenecks. One of them was the Design Change Process. For the other ones, I refer to the KISS-report 
for Rank Xerox Venray [l] . 
Changing design takes a lot of time and money, and delays the innovation process. Large numbers of 
changes disturb the production process and have a negative impact on the quality and cost of the copier. 
In short, the change process does not function satisfactorily, especially through the eyes of the suppliers. 
It was recommended to map the whole process in detail, to determine the bottlenecks and to find 
solutions. This recommendation is the starting-point of this graduation-project. 

1.3 Reading this report 

This report describes the investigation of the design change process. The process is analyzed, problem 
areas are identified and potential solutions generated. A solution is worked out and final 
recommendations are given. The report is divided in the following chapters: 
Chapter 2 gives a description of Rank Xerox Venray, where this graduation-project has been carried 
out. The chapter also explains the part the change process plays in the Product Delivery Process and 
gives a brief description of the functioning of the change process . Anyone from (Rank) Xerox or people 
who know the company and the procedures well, can skip this chapter. 
The problem statement of this graduation-project will be given in chapter 3, as well as the objectives . 
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A summary of infonnation on design and design changes from appropriate literature is given in chapter 
4. These theoretical insights are used to develop the investigation plan described in chapter 5. 
The whole change process will be described in detail and analyzed in chapter 6. Chapter 7 constructs a 
perfonnance model to measure the perfonnance of the Change Process. This perfonnance is analyzed in 
chapter 8. Conclusions and recommendations are given directly after the analyses as much as possible. 
Chapter 9 summarizes all recommendations and identifies problem areas and potential solutions. A 
solution is selected, which is worked out in chapter 10. 
Chapter 11 gives final conclusions and recommendations. A paragraph 'discussion', which mentions the 
restrictions of this investigation, closes the report. 
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CHAPTER 2. THE DOCUMENT COMPANY 

This chapter describes the company where this project has been carried out. The structure of the 
entire Document Company is given, as well as the place Rank Xerox Venray has in the organization. 
After that, the process of delivering design is described in the Product Delivery Process. The last 
paragraph explains briefly the design change process. 

2.1 History 

Xerography was invented in 1938 by Chester Carlson, an American physician. Xerography is derived 
from the Greek words for 'dry' and 'writing'. This technique enables us to make a copy of an original 
on paper by means of static electricity. 
The Haloid Xerox company was established in 194 7. In 1949, the first commercial copier was put on 
the market. 

In 1956, Haloid Xerox formed a joint venture with The Rank Organization PLC, Rank Xerox Ltd. 
Because of the extensive distribution network of the Rank Organization PLC, active in the film­
industry, Haloid Xerox could penetrate the European·rnarket with little investment. 
In 1962 Haloid Xerox continued under the name 'Xerox Corporation'. 

To be able to serve the market in Japan and India, Rank Xerox formed joint ventures with Fuji Photo & 
Film and the Modi Corporation, respectively. This resulted in Fuji Xerox in Japan and Modi Xerox in 
India. Besides Japan, Fuji Xerox serves also a large part of the other Asian Markets and Australia. 
The place of Rank Xerox Venray in the whole Xerox organization is pictured in figure 2.1, where the 
other joint ventures are pictured as well. 

Europe 

figure 2.1. Rank Xerox Venray as part of The Document Company 

2.2 Rank Xerox Venray 

Rank Xerox Manufacturing (The Netherlands) BV Venray was established in 1965, as the first 
manufacturing-unit on the European continent. Venray was chosen because Rank Xerox was looking for 
a better market-share on the European market. Initially, only the production of toners was carried out 
here, but later on the activities of the plant were extended by manufacturing copiers. In thirty years, 

Continuous Manufacturing Involvement 6 



Rank Xerox Venray became Xerox' largest except one manufacturing-unit, world-wide. Rank Xerox 
Venray has considerably contributed in the evolution of Rank Xerox to a leading quality organization. 

Other important activities in Venray are the manufacturing of CRU's, Customer Replaceable Units, 
which can be replaced by the customer, and recycling of copiers. ARO, Asset Recovery Operations, 
prepares copiers and parts to be re-used. Rank Xerox Venray also acts as European Logistics Centre, 
ELC. All these activities are classed under Business Centres (BC's) or Focused Factories (FoFa's). The 
BC Systems Manufacturing is responsible for the manufacturing of copiers. 

2.2.l Goals of the document company 

From the start of Rank Xerox Venray, the goals of the organization have been shifted from volume 
oriented business in the seventies to growth in the second half of the nineties. This is pictured in figure 
2.2., which is taken from (3). After mainly producing larger volumes the accent shifted to the quality of 
the products and the processes. After that, the accent was on costs, for competitive reasons. Nowadays 
growth is the main goal of the document company. 

'70 '80 '90 2000 

Figure 2. 2. Organization goals 

These goals are also reflected by the addition that can be found on The Document Company: 'in every 
document, there is a part of us'. Every document reflects growth. Part reflects adding value in many 
ways, where us means ownership by everyone within (Rank) Xerox. 

2.3 Product Delivery Process 

The Product Delivery Process (PDP) is the guideline by which Development and Manufacturing plan, 
develop, manage and evaluate the product programmes. Using PDP helps Product Delivery Teams and 
senior management to track the design process step by step, focus on results and reach benchmark 
QCD&S commibnents. The Product Delivery Team (PDT) is a team of functional representatives who 
design, develop, launch and maintain a product programme. The Product Delivery Process can be 
defined as: 

'The cycle of integrated Planning, Engineering, Manufacturing, Marketing, Launch and Management 
review activities which enables delivery of world class Xerox products to end-user Customers. ' 

Achieving Xerox' business objectives of customer satisfaction and return on assets requires constant 
attention on the customer/supplier relationship. The PDP identifies and builds these relationships 
throughout a product programme life cycle organized in seven phases. Although the process is 
continuous, its phase structure allows timing of programme activities and establishes logical decision­
points at which management review, PDT self-assessments and approval control are exercised. 
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The PDP is made up of the following key components: 
• Management Decision Process 
• Process Elements 
• Process Enablers 
These components will be described in the following paragraphs. 

2.3.1 Management Decision Process 

The management Decision Process is a procedure that guides product programme management and 
control through all phases of the product life cycle. This guidance consists of applying disciplined 
review and assessment. Each of these reviews provide opportunities for both the PDT and management 
to inspect programme progress to date and to plan for the next phase. The seven PDP-phases and the 
decision reviews are pictured in figure 2.3. Before starting each phase, the PDT establishes PDP-phase 
transfer criteria as part of its programme plan. These criteria are tasks and outputs to be completed by 
the end of a particular phase. As the programme moves towards the phase gate, the decision point 
between phases, the transfer criteria become the basis for management reviews and PDT self­
assessments to determine programme progress and readiness to proceeding to the next PDP-phase. From 
the build of the first machine, the Parameter Maturity level grows till the Launch Baseline is reached 
finally. These parameters concern the performance of the machine. 
The seven phases of the PDP product life cycle are explained below. 

1. 2. 3. • 5. 
Pre-Concept Concept Design Demonstration Production 

+ + + + 
Pre-Concept Concept Product Demonstration QCO- Production 
Initiation Initiation Initiation Initiation Commtrnent 

.. .. %Ä� .. �-�-�-�i�i %º%º� %Ä� .. �-�-�- %º%º� 

Pl -block BO -block 

Parameter Maturity Level 

X 

Figure 2. 3. Product Delivery Process Phases 

l. Pre-Concept Phase 

81-block 

e. 7. 
Launch Maintenance 

+ + 
Launch Product End of 
Go/Wait Validation Lae 

Production 

X 

Pre-Concept is the first phase of the PDP. During this phase, the customer requirements of the identified 
market opportunity are validated consistent with business requirements. Prime architecture and 
technology sets are selected to meet end-user requirements. 

2. Concept Phase 
In this phase the technology readiness is demonstrated for hardware, software and supplies. The 
production intent design plan is reviewed and detailed design is initiated. Programme QCD&CS 
(Customer Satisfaction) targets are established. 

3. Design Phase 
During this phase, programme specifications are completed with resolution of all open specification 
issues. The production intent is completed incorporating full feature/function set of the total product 
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offering. The first machines are build, the so called Pl-block. For Welwyn Garden City, these machines 
are built in Venray and shipped to WGC for testing. A score-test is performed against QCD success 
criteria to demonstrate the design stability and configuration control. The world-wide programme 
quality launch strategy is developed and approved. 

4. Demonstration Phase 
This phase usually contains two parts, BOA and BOB. The first part includes the demonstration of 
product design stability and production readiness through the pilot build and score-test. The second part 
verifies product design stability and manufacturing readiness for production scale-up through build and 
score test of the Launch Readiness Baseline Model (a kind of prototype which represents the Launch 
intent of configuration). 

5. Production Phase 
Manufacturing scale-up to full production capability is completed and product acceptability is verified 
through formal acceptance testing. Field readiness for world-wide product introduction and market 
engagement is confirmed through tests and assessments. Production quantities grow in this phase till the 
nominal amount. 

6. Launch Phase 
Product performance is verified against QCD&CS commitments, Field and Market performance is 
assessed and customer acceptance is confirmed in support of asset management and end-of-life strategic 
objectives. The product is introduced to the end-user. 

7. Maintenance Phase 
Production continues to meet world-wide customer demands. Product revenue and profit performance 
are optimized through product improvement and maintenance activities. Product End-of-Life strategies 
are coordinated and translated into defined implementation plans for ongoing support, and ultimately, 
for service discontinuance and final product withdrawal. 

2.3.2 Process Elements and Process Enablers 

Where the Management Decision Process helps the PDT to understand where they need to go, Process 
Elements identify what needs to be done to get there, and in time. Process Elements are detailed 
descriptions of what needs to be done on a programme in a particular area of specialization from Pre­
Concept through Maintenance. Each element defines work-steps, inputs and process outputs required to 
meet the phase deliverables. To facilitate planning, the process elements are grouped in five functional 
areas of activity: 
• Marketing 
• Planning 
• Engineering 
• Manufacturing 
• Launch 
These five areas are also identified as primary process elements. The Materials Quality Assurance 
(MQA) Process and the Forward Product Procurement (FPP) Process are examples of process elements 
of Manufacturing. 
In order to successfully implement any process there are enablers that facilitate the use of the process, 
like information, skills and tools. The process enablers for PDP include documentation, organization 
effectiveness, training and a network of computer systems. 

2.3.3 Planning and Production 

The PDT determines the A-level schedule, the planning of the seven PDP-phases for a new programme. 
The Manufacturing Resource Team (MRT) develops the MRT A-level schedule, where important 
decision points and activities are planned. This team consists of the Manager New Products and 
Manufacturing Engineering. The MRT A-level schedule shows the first building blocks of the new 
machines. These blocks are pictured in figure 2.3. The first machines will be built just after the 
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Production Initiation Review. Most of the parts for this pilot block Pl are Soft Tooled (Sff parts). 
Contrary to hard-tooled parts (H/f parts), Sff parts are 'handmade'. H/f parts are produced by the 
final tooling. 
After the Demonstration Initiation Review, the BO-block is build. lbis block is build at the 
manufacturing site. The BI-block that succeeds the BO-block contains some configuration changes. One 
target for the start of this block is to use 80% H/f parts. The Bl-block will be concluded by the Field 
Readiness Demonstration Test (FRDn. Passing this test enlarges the production quantities and 
transfers the responsibility for the manufacturing process from MRT to Production. 

2.4 Design Change Process 

Anyone at Rank Xerox Venray who thinks the design of a product has to or can be modified, can raise a 
CR, a Change Request. This form starts a complex process that leads to a changed design or a rejected 
request. A CR document can be found in appendix I . It is raised for different purposes. Sometimes a 
design change is the only solution to problems in production or at the customer. It can also be necessary 
or desirable to achieve cost reduction or improve the quality of the product. The request can contain a 
specific change description, but it can also just state a problem which has to be solved by changing the 
design. Design changes start in an early phase of the PDP and continue to the maintenance phase. In the 
first phases design changes can be implemented relatively easy, where design changes in a later PDP 
phase has much more impact which has to be dealt with. The different locations of sites involved in the 
Design Change Process on the globe complicates this process concerning communication and decision 
making. A copier can be manufactured e.g. in Webster, USA, and in Venray while it is designed in 
England. In this case, Design changes have to be discussed by these three sites. 
Figure 2.4. gives a brief picture of the change process. 

PDT POT RXV PDT RXV / Supplier 

Figure 2. 4. Design change process, normal business 

The requested change has to be analyzed by the PDT, the Product Delivery Team. For every product 
family, there is one centralized PDT, responsible for the design. The PDT for most of the families 
manufactured at Rank Xerox Venray, is located at Welwyn Garden City (WGC) in Great Britain. 
When a solution is found for the problem, it can be necessary to test the changed part first. When the 
solution appears to be a good fix for the problem, the CR is accepted. 
The next step is to see if the changed part can be assembled at Rank Xerox Venray, RXV. To analyze 
this, Manufacturing impacts are investigated. lbis information is communicated to the PDT, where the 
final solution is documented. As the changed parts have to be produced, the impacts of the supplier 
are investigated. This is mainly done in terms of cost impacts to change the tooling for production of the 
parts. The final decision on the change is taken by the Change Control Board, CCB. The change is 
discussed briefly, mainly concerning costs, and is approved (or not, but this rarely happens). A BA, a 
Build Authorization is written. The money to change the tooling can be released and the changed parts 
can be implemented in production as soon as available. 
When the change is not necessary or there are no resources to work on the CR, the request is rejected 
somewhere in the process. 

This description of the change process is normal business. In case of urgent changes, the money to adapt 
the tooling can be released before the CR is approved in the CCB. The impacts are discussed later, so 
the change is approved afterwards. 
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2.4.1 Change Request Life Variance, CRL V 

The Change Request Life Variance (CRL V) is an allowance for a part to deviate from the design. It is, 
however, not a design change. It is mainly used for parts that are produced by a tool that deviates 
slightly from specification. Changing the tool is expensive, while it is not always necessary. If the part 
from this tool is functioning correctly, an allowance is given for this part to deviate from the design, for 
the life of the tool. 
A CRLV can be analyzed in a few days. The process resembles the change process, apart from the 
testing, which usually is not necessary for CRLV's. Impacts for CRLV's mostly do not exist, because 
the part is functioning well and does not need a change. A CRL V can be rejected or accepted. 
CRLV's are mentioned in this report, as they follow a part of the change process. As design is not 
changed by this document, CRLV's are only described in the appendices. 

2.4.2 Specification Change note, SCN 

A lot of CR's are raised because the design needs modification to meet Product Specifications. These 
Product Specifications describe in detail the performance the copier has to meet. If the actual 
performance does not meet specifications, it is also possible to 'lower spec'. This is only done when 
changing design is not possible or very money-consuming. To change the specification, a Specification 
Change Note, SCN, is written. Figure 2.5. visualizes the gap between actual performance and Product 
Specification. This gap must be closed, either by a CR or by a SCN. 

Implement change to 
Product Spec 

Actual Performance 

--;-r----------.><,.,-,,-,-, ----::::ar-,-C-,,-R ___ meet specification 
Gap ' 

---'-------~~-'_,_'~S_C_N ___ Change Product Spec in line 
with actual perfonnance 

Figure 2.5. Gap between Product Spec and actual performance 

Now that the environment of the graduation project is described, the problem statement and 
objectives are given in the next chapter. 
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CHAPTER 3. PROBLEM STATEMENT AND OBJECTIVES 

This chapter starts with a description of the problems that are the starting-point of this graduation 
project. These problems will be worked out following the approach of [4}. The problems are turned 
into a problem description from which a problem statement is derived. Nert, a question statement is 
formulated, which forms the basis of the research design described later. The second paragraph turns 
the problem statement in objectives for this research. 

3.1 Problem statement 

The problems that are described in [I] will be repeated here, to clarify the starting-point of this research: 
• The Change Request Procedure is often bended to speed up the process, e.g. using CRL V's instead 

ofCR's. 
• Feedback on rejected CR's or CRL V 's is not always clear 
• Criteria for selecting or accepting CR's or CRLV's are indistinct 
• Requested changes are often not clearly motivated 
• The benefit of a change is often not specified 
• Suppliers involvement is limited because of the limited design change possibilities ( cost reduction 

e.g. is only possible by process changes. Product changes are rarely admitted). 
• Design is changed many times, which causes extra cost for suppliers and delays the delivery of the 

design 
• Analyzing CR's take a long time 

It is generally believed that the problems stated are symptoms of elements in the change process that 
need improvement. Many elements of the process are correlated. Changing one would affect the others 
in a way that it is unsure what the eventual effect will be. To verify this, the whole process needs 
investigation. The problem description can therefore be stated as follows: 

The process of changing design is functioning unsatisfactory 

Investigating the whole change process in depth would take too much time because of its complexity. 
Therefore, only the first part will be investigated in this graduation project. This part is the process from 
raising a CR until a BA is issued. This part is chosen for the following reason. If this part is performed 
well, the right decisions are made and the design is changed in a way that it functions correctly and 
causes no problems in manufacturing. Most problems can be prevented in this part. The remaining part 
is, ideally, only carrying out what is prepared in the first stage. 
The expression 'Change Process' will be used in the rest of this report to indicate the first phas~ from 
CR to BA. To make a clear distinction between the whole change process and the first phase, the 
implementation phase will be named separately. 

As the change process is performed by selecting and analyzing Change Requests, the problem 
statement can be formulated as: 

How can the change process for selecting and analyzing Change Requests be improved. 

As this problem statement is not directly useful to handle the problem, a question statement will be 
made. The function of this question statement is that it clarifies what information is needed to solve the 
problem. The question statement is given below: 

What is the performance of the change process and what are the improvement possibilities? 
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The next paragraph will give the objectives for this graduation assignment, based on the problem 
statement. The question statement will mainly be used for composing the research design. 

3.2 Objectives graduation assignment 

If design would be performed right the first time, design changes would not be necessary. As this is 
obviously never the case, design changes are not totally avoidable. A good change process is therefore 
necessary. Changes need to be analyzed thoroughly to change parts correctly in one time, or as less 
times as possible. However, design changes are still not desired, as they disturb the normal 
manufacturing and production processes. Considering this, the objective of this graduation assignment, 
describing what has to be achieved at the end of this graduation project, is twofold: 

Objectives Graduation Assignment: 
• Improved design change process 
• Reduced number of design changes 

Using these objectives, the restriction has to be formulated that the copier has to meet the specifications 
with this reduced number of design changes. This number will be considered as part of the performance 
of the change process. This way, the objectives are covered by the question statement. 

A design change is initiated by raising a CR, a Change Request. This document contains all information 
on the change. The way this document is treated reflects the change process. 
The need for design changes is originally created in the design phase by not taking everything into 
account while designing. Designing is a process where new technologies and features have to be dealt 
with. Improvement possibilities can therefore mainly be found in learning from previous projects. This 
indicates that feedback from production or manufacturing to design is extremely important. 

Considering this, more specific objectives for this graduation assignment can be added: 
• Improved process of treating Change Requests. 
• Improved feedback on design problems from manufacturing to design 

Before examining this problem, the library is visited to see if any research has already been done on 
this subject. Use.fol information is summarized in the next chapter. The research design will be 
composed after this theory, as this information can be used to design the research. 
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CHAPTER 4. THEORY 

This chapter gives an overview of the information derived from literature about design and design 
changes. As a lot is written on these subjects, only useful information and recommendations are 
described to keep this chapter brief and clear. The literature used is given in the bibliography at the 
end of this report. 

4.1 About design 

To give an indication of the importance of design for the company, the following definition is quoted 
from [5) : 

'Design is the company's competitive future, represented by the new products' 

It is important to develop new products on time, according to budget, specifications and customer 
demands. 
Design is defined by the University of California (6) as 'giving the best solutions to satisfy a need by 
available resources and within the boundaries of physical and societal conditions·. lt is concluded 
that design is definitely an optimiz.ation process. This means that there have to be certain criteria against 
which the best solution can be chosen. The importance of four major elements in design influencing 
profit is given in figure 4.1., derived from (7). For a certain number of design cases, the influence of 
delay, product costs, development costs and sales volume on the profit over life is investigated. The 
picture shows that delay of introduction is the most important item, followed closely by increase in 
development cost. This seems reasonable, as the delay mentioned is a six month delay. The loss of sales 
in half a year can be enonnous. This cannot be made up, as the end-of-life time of the product is finn in 
most cases. The increase in development cost is 50%. This is the total development cost, which is fixed 
cost that can be spread over all products. Higher product cost concerns the cost to produce each single 
product, which is variable cost. 
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Figure 4. J. Sensitivity of Pro.fits over Product life 

Where the figure pictured above is about the result of the design, the following picture is about the 
process of designing. This characteristic graph, pictured in figure 4.2., is well known and published 
many times. This particular one is taken from (7). It says that in the earlier phases of the design process 
the major part of the quality and cost of a product is determined. In this stage, only few resources are 
already invested as there are mainly ideas and few real products or expensive prototypes. Most of the 
resources are invested in later stages, when they are fixed and cannot be reduced, for they are 
detennined in the early stages. It is therefore important that all aspects of the design, like production of 
parts and assembly of the product, are taken into account in this early stage. Adapting design later to 
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solve production or assembly problems is more time- and money -consuming, as a lot of aspects are 
already fixed and hard to change. 
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Figure 4.2. impact of early investment on product 

4.2 Changing design 

A clear description of design changes is given by [5]: 

'Even when the engineering change has a net positive value, the cost element is still a penalty for 'not 
doing it right the first lime ·· 

This is an important principle that will be used as a starting-point for looking at the design change 
process. 

To understand better the different type of changes, a classification of design changes [5) will be given, 
in literature also called Engineering Changes, EC's: 
• Initial design: development and release: These changes should be encouraged and processed 

rapidly. Business evaluations/plans are not needed~ little cost should be attached to these EC's since 
they only involve records. Technically, this class should only cover the first time a part is released. 
However, it is often extended up to the time the actual fabrication of parts for the Design Evaluation 
units (prototypes in more common words). Up to this time, while not free, the cost of implementing 
an EC is relatively inexpensive compared to later when parts must be scrapped or reworked. 

• Design revision: defined as EC's, after the start of fabrication for Design Evaluation (DE) 1UUts, 
which are required to make the product functional or safe. These changes should be evaluated to 
ensure they are really required. When required, they normally must be processed quickly both to 
correct the deficiency and to avoid additional costs such as more parts to be reworked or scrapped 
or more field inventory to be corrected. Emergency processing methods may be required to solve 
potentially costly line stoppages or missed deliveries. 

• Design improvement: any changes after the start of fabrication for DE that have the objective of 
improving the function or quality of the product or reducing cost are termed design improvement 
EC's. The value of the improved performance or quality is very hard to estimate and the 
measurement of actual benefits is even more difficult. Therefore, it is necessary to develop methods 
to accurately forecast the benefits and to challenge these with a business evaluation that accounts 
for the total costs incurred throughout the business. 

• Documentation: These EC's are required to correct the documentation, either basis records or 
technical data. To match the actual process. They should be encouraged and rapidly processed with 
minimal cost adders. The costs of processing are minimal yet the benefits are substantial since 
accurate documentation is essential to an optimal Product Delivery Process. 
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With incremental changes, the process is continually affected and manual intervention is continually 
needed. The learning curve in production is never reached. As tasks and parts change, no activities are 
performed in the same way for a long time. People do not have the chance to think of smarter or faster 
ways to perform their tasks more efficiently. 

4.2.1 Priorities 

In prioritizing the different changes, a classification of (8] is given: 
• Priority A: Highest priority, requiring immediate action. The reasons for the change involve health, 

safety or a serious product malfunction. 
• Priority B: This is less serious but still requires urgent action, for example if a supplier goes out of 

business and a different part from another supplier has to be used. Existing stock can be used up if 
sufficient. 

• Priority C: This priority is important but not crucial. The reason for the change will be mainly 
financial (cost reduction). Delay can be accepted to run out existing stocks and existing orders. 

• Priority D: This is the lowest priority. The proposed change is mainly cosmetic and can be delayed 
until a convenient time in the future. Several 'priority D' changes can be implemented together. 

These theoretical priority setting can be kept in mind and compared to the actual method used within 
Rank Xerox. 

4.2.2 Requirements on the change process 

In order to treat changes well, the process must, according to [5], meet the following requirements: 
• Clear definitions of responsibilities and activities 
• Methods for evaluating net benefits and costs of changes: financial rules, techniques for estimating 

benefits and developing and applying costs, criteria for acceptance or rejection 
• Analysis in order to: speed both release and processing of release in manufacturing and distribution, 

reduce exposure to errors that would require a second EC for correction 
• Feedback in order to: prevent errors of the same kind from repeating in other designs 

A thorough pre-analysis should contain the following activities: 
• Technical review: is the design correct, can it be implemented, does it meet good manufacturability 

and distribution criteria, are the supporting documents correct, do they represent design, are all 
necessary data documented 

• Review of basic records: do records represent the technical data, are the data loaded in the records 
system, is usage, structure and assembly linkage correct, as previously planned 

4.2.3 Measuring the performance of the change process 

To find out how the change process is performing, [5] gives some measurements that can be done on the 
process: 
• Actual EC-process: information complete, preanalyses on time, break-in on schedule 
• Actual benefits and costs 
• EC activity: actual number of parts on change, EC by time versus forecast 
• Quality of the EC: did it fix the problem or did it cause other problems, was it rejected in pre-

analysis 

To be useful, these measurements have to be divided into really measurable parameters. For the change 
process used within Rank Xerox, this will be done in chapter 6. 

The theory summarized in this chapter will be referred to in the rest of this report. It will be the basis 
for the research design that is composed in the next chapter. Together with the question statement in 
the previous chapter. it will be the starting-point of the investigation of the change process. 
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CHAPTER 5. RESEARCH DESIGN 

Now the situation is described, the problem is defined and the useful theoretical insight are collected, 
the research of this graduation can be designed. The first paragraph will explain the problem solving 
process, a Xerox tool to handle problems in a structured way. The second paragraph will use this 
Problem Solving Process to construct the research design, based on the question statement and the 
literature. It will describe how the theoretical requirements and suggestions can be useful in looking 
at the change process used within Rank Xerox. The last paragraph will explain how the results of this 
research are described in this report. 

5.1 Problem Solving Process 

The Problem Solving Process is a Xerox tool used to solve problems in a structured way. It consists of 
six phases, pictured in a circle, as in figure 5.1. 

Figure 5.1. The Problem Solving Process 

The Problem Solving Process, also called Problem Solving Wheel, starts with the identification and 
selection of a problem. Important items in this stage are the what-is and what should be situation, a 
clear problem statement and the control over the problem. 
The second phase is the analysis of the problem. There are many techniques that can be used, like 
histograms, fishbone diagrams, who, what, when, where, how why and how much questions and so on. 
At phase three, the problem is understood. Potential solutions can be generated by using e.g. 
brainstorming, experience and specialists. The first three phases are called RED phases, because the 
problem is not solved yet. 
Phase four defines and verifies the solution. This can be done in terms of risks, money, quality, quantity, 
people, time, cost, benefit and so on. This phase is a yellow phase. A solution is in sight, but the 
problem is still not solved yet. 
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The fifth phase implements the solution. It is tried out or tested in practice. Important aspects in this 
phase are communication of the solution and commitment. This, too, is a yellow phase as only after 
implementation the problem is really solved. 
Phase six is the evaluation phase. The situation is compared to the expectations and things learned are 
identified. If the problem is not completely or unsatisfactory solved, the process can be restarted. The 
sixth phase is the green phase, as the problem is solved now. 

The research design will be composed following this PSP structure. 

5.2 Research design 

Looking at the PSP in figure 5.1., it can be seen that the problem is already selected in chapter 3. Phase 
two, analysis, is described on the basis of the question statement and the theory from the previous 
chapter. 
The analysis has to answer the question statement in chapter 3. The terms in this question statement are: 
• Performance of the change process 
• Improvement possibilities 

A logical first step is to look in detail at the change process. What are the activities that take place, who 
is responsible and how are things done. Only when it is known what activities are carried out on a 
change, the performance of these activities can be analyzed. The change process has therefore to be 
analyzed completely, from CR to BA, Venray activities as well as RXTC activities in Welwyn Garden 
City. Implementation is considered a separate part of the change process. There are, however, 
difficulties in implementing a change that have to be taken in account during analysis of the change. 
These difficulties or important aspects will be described, but considered as firm. 
The Change Process activities can be compared to the requirements on the change process stated in the 
previous chapter. 

The theory gives a lot of parameters in the change process that can be measured in order to have an idea 
of the performance of the process. After analyzing the change process in detail, these theoretical 
parameters can be fit to the Rank Xerox Change process. Parameters can be added if necessary, 
dependent on the results of the first analysis. 

When the performance criteria are known, the performance can be measured. This performance 
indication can show the 'weak areas' in the process. 

Considering the Design Change Process, there are therefore two different analyses to be performed: 
• The analysis of the process itself. 
• The analysis of the performance of the process. 

After these analyses, phase 3, generate potential solutions, can start. The information from the previous 
chapter can be compared to the actual situation to generate potential solutions, indicate problem areas 
or recommendations. 

At this stage, a solution has to be defined in phase 4 of the Problem Solving Process. The theory can be 
used again to choose the most important solution or problem area to work out. This solution can be 
defined in activities, people, financial aspects, barriers and enablers and the quality of the solution. This 
way, all information necessary to transfer to the implementation phase, phase 5, is available. 

Actually implementing the solution is a time-consuming and complex activity in a large, multinational 
organization like Rank Xerox. Therefore, this graduation project will terminate at phase 4, which is a 
yellow phase. 
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The complete research design is given in table 5.1. where the activities to be carried out in this 
graduation project are listed. 

Table 5.1. Research desi211 
::'Re.ieirdhadiiides.:f::::f:,,=:,tM~:::,,,,,,1=;:::;t,,,:,:t:,:::,::'::'''::',,::;:,;:~:,:,:,:,:,::::'::,:i=:::::,:,:,:,:,:=::::::=r::,:,:,:,:,:,:::::::::,:,:::':,:::,:i:}:,:,:, 

I . Analyze the Change Process 
2. Construct a perfonnance model for the Change Process 
3. Measure the perfonnance of the Change Process 
4. Investigate possibilities for improving the Change Process 
5. Select and work out a solution 
6. Give final conclusions and recommendations 

A more detailed overview is given in appendix 2, where the planning is given as well. 

5.3 Further reading 

As this graduation report is based on the research design, the chapters of this report reflect the research 
activities. Chapter 6 analyzes the Change Process and constructs a complete flow chart of a CR from 
raise to the final decision. As this Change Process is rather complex, the conclusions of the analyses are 
given in the same chapter as the analyses. This way, the link between the results of the analyses and the 
conclusions can easily be seen. 
Chapter 7 constructs the perfonnance model, which is used to picture the perfonnance of the change 
process, the second analysis. This perfonnance is described in chapter 8. In this chapter, the conclusions 
are also given right after the results. 
Chapter 9 generates potential solutions, based on the problem areas found in the analyses of the 
previous chapter. To identify the problem areas, an overview of all recommendations will be given. A 
solution is selected based on criteria from the theory. Chapter 10 will work out this solution. 
Chapter 11 will close this report by giving final conclusions and recommendations. This chapter will 
also contain a paragraph 'discussion' which gives the restrictions of this research. 
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CHAPTER 6. CHANGE PROCESS ANALYSIS 

This chapter will give a detailed overview of the change process and the different people and sites 
involved. The first paragraph will divide the change process in different phases. These phases are 
worked out in the rest of the paragraphs. Each paragraph will end with conclusions and 
recommendations based on that phase of the process. Some recommendations are repeated, but this 
can be seen on the character each recommendation has. The recommendations will only be stated in 
this chapter and worked out in chapter 9. The numbers of the paragraphs correspond with the 
numbers used in the flowchart in appendix 4. This is the reason that this chapter starts with 
paragraph 6.0. The chapter will end with a paragraph about the process for treating CRLV's. 

6.0 Design Change Process overview 

To have a complete overview of the entire change process, all activities on a change from raising a CR 
to issuing a BA are given in a flow-chart in appendix 4, after an explanation of the flow chart symbols 
in appendix 3. The flow clearly shows that most activities take place sequentially. To make the change 
process easier to describe, it is divided in nine phases. Each box in the flow chart has a number that 
corresponds with its phase. Figure 6.1. gives a brief flow of these phases. This is explained in the text 
below, where the numbers correspond with the numbers in the flow . The figure is made up of three 
levels. The first level is the supplier. Every activity performed at that level belongs to the supplier. The 
second level is Rank Xerox Venray, while the third level is Welwyn Garden City. Not every activity 
belongs to only one level, but that is explained further in detail in the paragraphs corresponding with the 
numbers in figure 6.1. Not every box in the complete flow chart will be discussed, but the important 
findings will be given, followed by the conclusions on that part of the process. Where possible, 
recommendations will be given immediately after the conclusions. 
The information for the flow chart and the description of the activities is achieved by interviewing task 
leaders of the Sub-System teams in Welwyn Garden City, during a one week visit. Some CR's that took 
a long time from raise to BA were picked out of the Wildfire programme to discuss what activities took 
place on that CR. This gave a good view of the process and the time the handling of CR' s take. The 
CR's discussed are listed and explained further in appendix 5. 

Supplier 

RXV 

WGC 

Figure 6.1. Design Change Process Flow: nine phases 

FPP 

BA 

9 

A CR raised in Venray is communicated to Welwyn Garden City ( l) for analysis (2). If a change is 
worked out, an estimate of the impacts of this change on the assembly of the copier has to be given by 
Manufacturing Engineering in Venray (3). These impacts are incorporated in design. The change is 
documented in Welwyn Garden City (4) and the drawings are changed. Manufacturing Engineering in 
Venray checks the change and gives detailed impacts the change has on production (5). If the changed 
part is not to be produced by the old supplier, CCM, Centralized Commodity Management, selects a 
new supplier (6). The impacts the change has on the production process of the supplier are obtained by 
FPP, Forward Product Procurement, using the CSI-process, Continuous Supplier Involvement (7). The 
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impacts are discussed by Design, FPP and CM in the CCB, Change Control Board, where the final 
decision on the change is taken by the TPM, Technical Programme Manager (8). If the change is 
approved, a BA, Build Authorization, is written (9). The change can be implemented. 
CR's generated in Welwyn Garden City follow the same process, starting with the analysis (2). 

6.1 Communication from Rank Xerox Venray to the PDT 

A design change can be requested to solve a problem or to incorporate a good idea in design. A Change 
Request is raised by filling in a CR-document (appendix 1), also called 'the blue form' because of the 
color of the original. Besides fonnal data like name, address and telephone-number, the programme 
name, part number, part name and Sub-System number have to be filled in. This number refers to the 
Sub-System Team that is responsible for the part to be changed. For the reader interested in the kind of 
Sub-systems a copier is divided in, a list of these numbers and accompanying names is given in 
appendix 6. The originator has to explain the general reason for raising the CR by using a change type 
code. These codes are listed in appendix 7. If possible, an estimate has to be given of the value of the 
change in terms of money or reduction of defective machines (DPHM: Defects Per Hundred Machines). 
After completing the form by explaining the problem and the request, the originator hands the form to 
ECA, Engineering Central Agency. ECA checks the contents of the CR and communicates the 
information to the PDT. This communication is done electronically by updating the database PCS 
(Product Control System) and by sending the original form. No technical check is performed on the CR. 

6.1.1 Conclusions phase 1 

1.1. The change type for a CR is not always filled in. It is not clear what this code is used for. The 
different change types for a CRLV are never used and not even known by everyone within RXV. 

1.2. The Sub-System number (SIS-number) is not always filled in correctly. This does not occur often, 
but if it occurs, it can last about two weeks more before the CR is completed, as the CR turns up 
on the wrong desk. 

1.3. CR's are only checked on fonnal items. The information itself is not checked before 
communicating to the PDT. The SIS-number has to be filled in, but it cannot be checked if the 
number is correct. The same can be said about the Change Type code. 

1.4. Every CR is communicated to PDT, without looking at the need for the change in Venray. 

The recommendations based on these conclusions are given in the frame below. 

Recommendation A: Check the contents of the CR to determine if the change is necessary. 
Recommendation B: Always use a clear problem statement and if possible suggestions for solving the 

problem, to speed up and 'guide' the process. 

6.2 Analysis of the change by the PDT 

ECA in Welwyn Garden City distributes the CR's to the Sub-System-Team mentioned on the CR. If the 
CR does not contain this number, it takes time to find out where the CR has to go to. If a wrong number 
is filled in, the CR goes to the wrong Sub-System. This does not occur often, but it takes two weeks 
extra time if it does. 
The request, with status 'undispositioned' (Und) is studied to understand the problem or idea. The 
information on the CR therefore has to be complete and accurate. If necessary, drawings or sketches 
have to be included to clarify the request. The drawings of the parts involved are taken from the 
printroom in Welwyn Garden City. Unfortunately, these drawings are not always available but are 
somewhere in the building without the printroom knowing where. 
Based on the understanding of the problem, the CR is assigned a certain priority or is rejected, in which 
case it is assigned status 'reject' (Rej). Other possibilities are status 'Monitoring' (Mon) in which case 
nothing is done on the CR except for monitoring the part or problem. This prioritizing does not follow 
strict rules, but depends on the view-point of the Task-Leader (the chairman of the Sub-System) or 
TPM, Technical Programme Manager. 
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Basically, the following guidelines are used: 
• Urgent changes that affect the Time To Market (ITM) are done first to keep the PDP going. 
• Major Changes need to be done before a specific cut-in-block (implementation period). They are 

done second. 
• Priorities of other changes depend on the priority of the programme (e.g. reliability can be more 

important than cost for certain machines). Some task-leaders used the ABCD-categories. These are 
clarified in figure 6.2. 

Important Not Important 

Figure 6. 2. ABCD Priorities 

Urgent 

Not Urgent 

Category A changes are done 
first, followed by B, C and D, 
respectively. 
If a request has low priority, this 
priority remains low and the 
request is not worked on for a 
long time. lbis is due to the high 
workload of the design 
engineers. Often, the originator 
has to contact the design­
engineers to remind them of the 
CR and to have it worked on. 
CR's of different priorities in 

principle follow the same process. For urgent changes, the money to adapt the tooling is released before 
the process is finished, to keep production going. All activities, however, have to be performed, but in a 
different order. 

Based on the control of the problem, an outlook is given when the problem is expected to be solved, the 
Team Issue Date (TIO). An outlook is given for when the change is expected to become effective in 
production, the cut-in date. As soon as the CR is being worked on, it is assigned status 'Pending' (Pen). 
Next, the number of parts that are affected by the change is detennined. lbis depends on the complexity 
of the change and the kind of parts. Changing parts produced in the far east e.g. is very difficult and 
time-consuming. This is therefore avoided as much as possible. 
MUST changes are identified. These changes cannot be rejected, but must be issued. In other words, 
these changes are necessary because the product is not functioning conform to specification. They are 
not necessarily assigned a high priority as this depends on the period or date the change has to be 
completed. 
All this information, basically the TIO, has to be communicated by updating Probtrack, a part of ECO 
where actions on CR's are recorded. Important actions concerning the change or the progress of the 
change are filled in as well. ECO is the Engineering Change Document database, where all data on 
CR's are recorded. 
Incorporating the request in design is done in the 'engineering evaluation'-activity. Data from tne field, 
Test data and Manufacturing data are used to develop a right solution. lbis is done by following the 
Problem Solving Process. This is a Xerox tool which describes the steps to be taken to solve a problem. 
lbis PSP is already described in chapter 5 and pictured in figure 5 .1. 
Depending on the kind of solution, the expected cost of the change, and the available engineering 
resources, it is decided to go on with the change or not. It is also possible that a few changes are taken 
together. All this CR's are closed but one, which incorporates the others, which are assigned status 
'closed' (Clo). 
The solution is worked out and a soft tooled part is produced, which can be tested in the test labs if 
necessary. The task leader determines if the solution fixes the problem. If so, the change is assigned 
status 'Accept' (Ace). If not, an other solution has to be worked out. 
The soft tooled part is then sent to Manufacturing Engineering in Venray, together with the drawing, to 
see if there are any problems in production concerning the change. 
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6.2.1 Conclusions phase 2 
2.1. Welwyn Garden City Printroom procedures need improvement on the tracking of part drawings. 

The location of these drawings has to be known to have them available to everyone who needs 
them. 

2.2. There are no fixed rules for setting priorities. The task leader has to allocate a priority based on 
his understanding of the problem. There are no priority-related inputs, while the overall priority 
depends on the interest of the different departments involved. This means that the PDT determines 
the priority, while manufacturing interests cannot be fully valued. 

2.3. Once a CR has low priority, the priority remains low. There is no rule for when to work on the 
CR in this case. The originator has to remind the SIS-team of his CR in most of the cases. 

2.4. Probtrack is not always updated. This depends largely on the task-leader. As updating the system 
does not take much time and valuable information about what is being done on a particular CR is 
available in RXV, this should always be done. 

2.5. Engineering evaluation does not follow a firm process. This is desired in case of unclear 
responsibilities, e.g. when different S/S's interfere (e.g. Electrical & Safety or Mechanical & 
Reliability) 

2.6. Working out a solution is officially done without manufacturing engineering involvement. There 
is informal communication if necessary, but then again, PDT determines if it is necessary. 

2.7. The processes that take place in WGC are not fully known in Venray. 
2.8. Getting things done takes about 50% of the time, as stated in WGC. The other 50% is pure 

technical time. Guiding a CR through the process is necessary as the process is too complex to 
function without. Clear priorities could help guiding the CR. 

The recommendations based on these conclusions are given in the frame below. 

Recommendation A: Check the contents of the CR to determine if the change is necessary. 
Recommendation C: Make sure the CR contains a clear description of the priority of the change. 
Recommendation D: Communicate important CR's from PDT to Manufacturing Engineering so it is 

known what changes are coming. 
Recommendation E: Improve the document control, including electronic documents. 
Recommendation F: Make sure the right Sub-System number is on the CR. 

6.3 Manufacturing Impact Analysis RXV 

In Venray, the configuration is checked by the coordinator of the Manufacturing Engineering Team. If 
the information is complete and correct, the soft-tooled part is tried out. Impacts on assembly, service 
and recycling are investigated. The check is finished by signing the manufacturing impact checklist. The 
change can be accepted, rejected (with explanation) or accepted under certain conditions. As PDT has 
design responsibility, the change cannot formally be rejected by manufacturing engineering in this stage. 
This disposition is therefore in fact a very strong advice. If the change is rejected, PDT can work on a 
better solution or continue with the change anyway. 
The drawing checksheet is sent back to PDT. 

6.3.1 Conclusions phase 3 
3.1. It is not clear what the influence of the Manufacturing Engineering Team is, as PDT has design 

responsibility. Formally, the team cannot reject a change, while it has to make sure the machines 
are build correctly with the changed parts. The team can give a strong advice, but design 
responsibility remains with the PDT. 

3.2. The CR's raised in WGC are not forwarded to Venray until it is accepted and worked on in WGC. 
RXV does not know what is coming from WGC and what is being worked on. Earlier impact 
from Manufacturing Engineering is desired, both on the aspect of the need of the change and on 
the problem or idea that is being worked out. 
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The recommendations based on these conclusions are given in the frame below. 

Recommendation G: Investigate possibilities of giving manufacturing engineering impacts earlier in 
the design process. 

6.4 Documentation Welwyn Garden City 

When manufacturing impacts are known in Welwyn Garden City, the solution is formally documented. 
The Change Impact Analysis (CIA, see appendix 8), which can be filled in on the back of the CR, is 
completed as far as possible. Drawings, prints and supporting data as well as the CR's that are closed 
by this fix are included. The package is checked on completeness and configuration integrity by a 
planner analyst. She also updates ECD. 
The whole package is then distributed to Spares and Manufacturing Engineering. Investigating impacts 
on spares is not done in Venray but in Welwyn Garden City. This process is not worked out in detail, 
being mainly a process within Welwyn Garden City. The organization responsible for the spares checks 
whether the change affects any spare parts and in what way. 

6.5 Manufacturing Consolidation 

The CIA-package is received from ECA by the coordinator of the Manufacturing Engineering Team. He 
checks if the package is complete and if the configuration is correct. 
The change is now analyzed in detail. Impacts on FMEA, assembly tooling and standard-time are 
investigated. Standard-time is the time an operator is working on the assembly of a part, which can be 
increased or decreased by the change. The results are filled in on the CIA. 
The drawing checklist is filled in. An example of this list is incorporated in appendix 9. If any of the 
items to be checked is affected, this has to be explained. 
If assembly-tooling is affected, the costs to change the tool have to be calculated. Tius is done by the 
tool-engineer from the department CWO, Centralized Workshop Operations. 
Based on these impacts, manufacturing engineering accepts or rejects the change, or accepts the change 
under certain conditions. In case of a reject, negotiation with PDT is necessary and a new solution may 
be worked out. 
In case of an accepted change, the Manufacturing Engineering Team initiates the CSI process by 
handing the CIA-package to FPP. 

6.6 Supplier selection 

Usually the changed part is produced by the same supplier as the old part. In case it is more sensible to 
procure the part from another supplier, a new supplier is selected by CCM, Centralized Commodity 
Management. Tius does not occur often, as the policy of Rank Xerox is to do business with as little 
suppliers as possible. 
FPP Requests a quote from the supplier and an estimate of the price from PCE, Product Cost 
Evaluation. PCE calculates an estimate based on a database with production data from the suppliers 
themselves. 
FPP compares the supplier's quote to PCE's estimate. In case of a significant difference (more than 5%) 
FPP negotiates with the supplier. If the prices is satisfactory to both parties, the CSI process 
(Continuous Supplier Involvement) can start. This process uses the knowledge of the supplier and 
achieves that other impacts or ideas can be incorporated in the design. 

6. 7 CS I-process 

This process is guided by FPP and facilitated by SQA, Supplier Quality Assurance. The CSl-process is 
too complex to describe in detail. Broadly, it prescribes the steps that need to be taken to make use of 
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the knowledge of the supplier on his production process. It makes sure that the parts can be produced 
according to Xerox quality standards. This process stops when the impacts on the part are known in 
tenns of money, at least, from the view-point of the change process. CSI is a continuous process, but as 
soon as the impacts are known, the change process can go on. 
It usually takes a couple of weeks before the impacts of the change on a part are given by the supplier. 
The change has to be looked at by the vendor, who has to send it to the tool-maker for determining the 
tooling-costs. A problem with this is that the vendor does not like changes. New products have more 
priority because the change does not benefit the supplier. The impact of all parts (a change can affect 
more than one part) have to be awaited, normally, before the change can be approved. 

6.7.1 Conclusions phase 7 

7.1. Waiting for impacts is a bottleneck in the process. During this activity nothing is done besides 
waiting for the impacts. 

The recommendations based on these conclusions are given in the frame below. 

Recommendation H: Investigate possibilities of speeding up the process of obtaining impacts from 
toolmakers and suppliers. 

6.8 Change Control Board 

The Change Control Board (CCB) is a meeting in which all impacts are discussed. The chairman of the 
meeting is the Technical Programme Manager, TPM of the programme to be discussed. PDT, FPP and 
CM (Configuration Management) are represented in the meeting. Manufacturing Engineering does not 
take part now. 
All changes that are accepted or issued are on the agenda. The available impacts are discussed. Most 
important in the meeting are the cost aspects. Tooling costs, cost of old parts to be scrapped and UMC 
(Unit Manufacturing Cost) are compared. If the change is approved, the money to change the part tool 
can be released. If the change is too expensive, the CR is rejected. This is in fact a last possibility to 
filter out CR's, but that does not occur often. 

6.8.1 Conclusions phase 8 

8.1. Manufacturing Engineering is not represented in the CCB. This way, only the production of the 
parts and the costs can be discussed, while the assembly of the parts is neglected. 

The recommendations based on these conclusions are given in the frame below. 

I Recommendation I: Have a Manufacturing Engineer attend the CCB to take part in the final decision. I 
6.9 Build Authorization 

If the change is approved, the CR can be issued. Some CR's, however, are already issued to release the 
money for the tool-order. In this case the change is approved in CCB as soon as the impacts are 
available. This process is followed for urgent changes. It needs to be said here that most changes are 
treated as urgent changes. The status of the CR, 'Issued' (lss) is updated in PCS by the planner analyst. 
She produces a BA, which is the Build Authorization. 

In this stage, the actual design change process is finished. If the analyses have been correct, the new part 
can be ordered and purchased. Old parts are used until they are out of stock, or until the new parts have 
arrived, depending on the cost to use all parts or to scrap the remaining ones. The new parts have to be 
in house at that time to be build in at the line, after a final Parts Try Out (PTO) if necessary. 
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6.10 Treating CRLV's 

CRL V's are communicated to the PDT in the same way as CR 's. In most cases, it can easily be 
determined if the variance is tolerable. Parts are only tested if necessary, which is not often the case. 
After the decision to accept the CRLV, it is assigned the status LOT, Life Of Tool. This means that the 
supplier is allowed to produce the part with the accepted deviation from drawing for the rest of the life 
of the tool the part is produced with. If a new tool has to be made, the original design has to be used. If, 
however, the drawing of the part is changed, the CRLV's attached to it are incorporated in the design. 
This process of analyzing CRL V's is much easier than the CR process, as impacts do not have to be 
obtained. Soft Tooled parts do not have to be made, as parts are already Hard Tooled. There is no 
implementation process, as the parts are usually already coming in the way they are. 

This chapter analyzed the activities and the flow of the CR 'sin the Change Process. The 
recommendations stated in this chapter will be worked out in chapter 9. First, the analysis on the 
performance of the Design Change Process is described. The next chapter will construct a model that 
can measure this performance. 
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CHAPTER 7. PERFORMANCE MODEL 

This chapter describes how the performance of the change process can be measured. The first 
paragraph explains the model that is used as starting-point for the measurements. The second 
paragraph explains how the data are collected to fill in the model. The next three paragraphs explain 
what specific data can be collected, considering inputs, process characteristics and outputs. The 
elements of this performance model that are applicable for CRLV's are described in appendix l 4. 

7.1 Change Process Performance Model 

The Change Process is already pictured in paragraph 2.4. To measure the performance, the process is 
pictured as a black box in figure 7 .1. The inputs and outputs are given in the terms used in the theory 
described in chapter 4. The black box is used as starting-point for measuring the Change Process and is 
described below. The numbers used in the description refer to the numbers in the model. 

4. Cost of change 

Result 

1. Number of CR's raised 7. Validation 
2. Classes 8. Effectiveness 
3. Completeness of information 9. Number of CR's implemented/rejected 

1 O. Design Stability 

5. Throughput-time 
6. Number of CR's outstanding 

Figure 7. J. Measuring the performance of the change process 

The change process is initiated by a CR that is raised ( l ). This CR is of a certain type. According to 
theory, four different types or classes (2) can be distinguished: 
• Initial design: parts for new programmes are developed and ordered by using the change process. 
• Design revision: Once the programme is developed, changes are necessary to fix design problems. 
• Design improvement: Once a copier is functioning, it can still be desirable to make some design 

improvements to reduce cost or manufacturing problems. 
• Documentation update: If drawings do not match the actual process, documentation has to �~� 

updated. 
The distinction between these classes is that they should be treated differently, as explained in chapter 4. 

A CR is accompanied by a certain amount of information (3). Sometimes a completely filled in CR­
form is satisfactory, but in some cases drawings or sketches have to be added to clarify the problem or 
request. This information is necessary for the design engineers to understand the problem and work out 
a solution. Incomplete information delays the process because clarification needs to be requested. 

The activities that take place in the change process cause certain costs (4). These costs can be 
considered as inputs, but as the activities and the kind of problem determine how much money is 
involved, the cost says more about the process itself. 

The change process itself takes a certain period of time (5). The number of outstanding CR's (6) gives 
an idea of the engineering resources compared to the number of CR's to work upon. 
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The output of the change process is a changed part or a rejected request. If a part is changed, it has to 
be a justified, or valid change (7). In other words, the change has to prove its necessity. 
The change has to solve the problem and the changed part has to function correctly. Otherwise, the 
change was not effective (8). 
The number of CR's that are rejected (9), gives an idea of the quality of the raised CR's. 
The number of CR's that are implemented (9), gives an idea of the quality of the initial design. 
If the change process causes a lot of changed parts, production will be disturbed. The design is said to 
be unstable (IO). 

7 .2 Data collection 

Because of the enormous number of CR's that have been raised since the beginning of the first 
programme, a selection has to be made of what CR's to measure. For this selection, there are two 
possibilities. The first is to take all CR's raised in a certain period of time. lbis could be all CR's raised 
in 1995, for example. The second possibility is to take all CR's of a specific programme. lbis last 
option is preferred. In designing a new programme, all phases of the Product Delivery Process are 
followed. As CR's raised in early design are treated differently from CR's raised after the launch of a 
programme, it is necessary to have data available that can make this distinction as well. lbis is not 
possible with the first option, as in this case all programmes in different PDP phases are taken together. 
As the data to be collected must be recent to reflect the current process as well as possible, a recently 
developed programme has to be taken. On the other hand, a considerable amount of data have to be 
available. Taken all these conditions together, the programme 'Wildfire' is chosen. lbis is not the most 
recent programme, which is Cruiser, but there is sufficient data available. The programme started early 
in 1994 and is launched in the beginning of 1995, so the current PDP phase is the Maintenance phase. 
Cruiser has not finished all PDP-phases yet. 
Most of the data can be retrieved from the database ECO, Engineering Change Document. lbis system 
contains all data of all CR's that are treated in Welwyn Garden City. 

To have an idea of the programme of which the data are collected, the following sub-paragraph will tell 
something about Wildfire. 

7.2.1 Wildfire 
Wildfire is not an entirely new design. The copier is based on the Longbow programme, with which it 
has about 80% of the parts in common. The other parts are newly designed parts, the so-called Wildfire 
Unique parts. These parts can be completely new or modified Longbow parts. The changes of these 
parts are followed through the Change Process by measuring their CR's. 
Wildfire produces more copies in a minute (65) than Longbow and is more reliable. It has a longer 
product life, about 5 million copies. 

7.3 Measuring inputs 

The inputs named in the first paragraph are listed in the left column of table 7 .1. The right column gives 
the specific data to be collected, the so-called operational parameters. If there are no such measurable 
parameters available, the method will be mentioned that can give an idea of the inputs. ECO means that 
the data can be collected directly from the database. The parameters will be explained below. 
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Table 7.1. Input in the Change Process 

:l.f imJI@j[Jf II::tIIIf]ftFltrnr:rn:ItII?IIf l[Iif dliniffilil l irmrnmm::1:::r:rn:::rir:r: ::ttiif'[f ]:III[Iii[I'/!I?Ii?It:irt 
l . Number of CR' s Raised l . Total number of Wildfire CR' s (ECO) 
2. CR Classes: 2. Problem Statement: 
• lnitial Design • Engineering change (ECO) 
• Design Revision • Functional problem (ECO) 
• Design Improvement (Quality/Cost) • Cost reduction, manufacturability improvement (ECO) 
• Documentation: match actual process • Drawing update/correction (ECO) 
3. Completeness information 3. Availability information for decision-making: 

• Interview Task Leaders in Welwyn Garden City 
• Interview Manufacturing Engineers RXV : did the given 

information have the desired conseauences 

Item three, completeness of information, is measured by asking the task leaders if the information from 
RXV was clear enough to work with and if they were satisfied with the information. In Venray, 
Manufacturing Engineers were asked if they were satisfied with the consequences their information had. 
If the consequences are like expected, the information was complete. If not, more information, or more 
accurate information, was apparently needed. 

7.4 Measuring process characteristics 

The process characteristics to be measured are listed in table 7 .2. The parameters will be explained 
below. 

Table 7.2. Change Process characteristics 
11.t.ili.:l)iif)])])]i/IIIfflttii:ftf::lf::!iifi:t:ffftittf:t::r:::::r:r:i �:% �i�i�f�i�i�i�.�l�e�.�l �?�I�l�l�:�:�]�i�]�J�:�.� i/:f:I?l\@t/It):j;((:1:;::::::=:,,:f)l't?I 
4. Cost of Change 4. Costs of: 

• Analyzing the request: Finance data WGC 
• Updating drawing: Finance data WGC 
• Update systems: Finance data WGC/RXV 
• Implementing change: Finance data RXV 

5. Throuwiout-time 5. Raise date - Disposition date (ECO) 
6. Number ofCR's Outstanding 6. Number ofundispositioned CR's (ECO) 

The costs of the different activities (4) can be measured if they are recorded in this way. If not, it is not 
possible to calculate the cost as the money flows are very complex. In this case, estimates that are 
generally used to indicate the cost of implementing a change will be used. The total cost of changes, the 
engineering resources, are incorporated in the UMC, Unit Manufacturing Cost. If changes can be 
performed with the available resources, the target concerning these costs is achieved. As this is the case, 
further investigation of the change costs is not critical for the results of the analysis. 

The throughput-time (5) is measured as the number of months between the raise date of a CR and the 
disposition date. This disposition date is only taken for the final decisions, as a disposition date is given 
for each status that is assigned to a CR. Giving a CR status Pending has also a disposition date, but in 
fact, the CR is undispositioned. Throughput-time can therefore only be given for the dispositioned CR's, 
while the undispositioned CR's are put in the category 'undispositioned', so unknown throughput-time. 
There is, of course, a minimum throughput-time for these CR's. If this is relatively long, it has to be 
mentioned. If not, the throughput-time for these CR's will be categorized as unknown. 

The number of CR's outstanding (6) is a process characteristic, as it gives an idea of the capacity of the 
engineering resources to treat CR's. It is, however, a temporary impression of the process, as it depends 
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on the number of CR's raised in certain periods. This is something to keep in mind while interpreting the 
results of the analysis. 

7.5 Measuring outputs 

The output characteristics to be measured are listed in table 7.3. The parameters will be explained 
below. 

Table 7.3. Output of the Change Process 

7. Validation: 7. Interviews: 
Number of unnecessary changes Quality- and Manufacturing Engineers 
8. Effectiveness 8. Investigate: 

- Number of times a part/ drawing is changed 
- Actual benefit 

9. Number of CR's: 9. Count: 
- Implemented - Number Status Issued (ECD) 
- Rejected - Number Status Reject (ECD) 

IO. Desi1ZJ1 stability 10. Number of parts cut-in per period 

A valid change (7) is a change that proved to be necessary. No hard data are available that can confirm 
that a change was indeed necessary and could not have been avoided. To have an idea of the validation, 
interviews with Quality Engineers and Manufacturing Engineers can indicate the extent of occurrence of 
invalid changes. 

The effectiveness (8) can be measured by investigating the times a part is changed before it is 
functioning correctly. 
When a change is approved, the new part has to be tried out on the line to make sure it can be 
assembled. If not, there are two possibilities. The supplier can have delivered wrong parts, in which case 
an NCMR, Non Conforming Material Record, is written. The design can be wrong, in which case a CR 
is raised. The times a CR is raised gives an indication of the effectiveness of design with respect to 
manufacturing impacts. However, some parts are accepted because rejecting would cause a line-stop 
because no parts are available to build the machines. Furthermore, some parts are already changed 
again before it could have been tried out. All this is mentioned to make clear that measuring Try Out 
status's can give an indication, but are not very reliable with respect to measuring the change 
effectiveness. 
Most changes are necessary to keep the line going or to get the copier working. The actual benefit (8) is 
therefore very large. For costdown changes, the actual benefit is not recorded. It is impossible to 
investigate this during this graduation project. Simply looking at the tooling cost and the cost reduction 
of a part would not reflect the actual benefit. Secondary cost impacts caused by the change would have 
to be taken in account. Examples of these impacts are instable production methods, problems in the field 
concerning spare parts and remanufacturing problems because of the diversity of parts in different 
machines. The actual benefit will therefore only be mentioned here, but not calculated. 

The number of CR's implemented or rejected (9) can be retrieved directly from ECD. 

The design stability is recorded by tracking the actual number of parts cut in in a period, which is four 
weeks. This can be compared with the target for the design stability on the Key Metric. This Key Metric 
is a document that contains all targets of the different phases in the Product Delivery Process. 

The performance model described in this chapter is constructed in such a way that it can directly be 
filled in for the Wildfire Programme at Rank Xerox. This will be done in the next chapter. The 
performance ofCRLV's can be measured as well. How this can be done, is described in appendix 13. 
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CHAPTER 8. CHANGE PROCESS PERFORMANCE 

This chapter gives the results of applying the performance model described in the previous chapter to 
the Wild.fire Programme. The inputs, outputs and process characteristics of the change process 
performance model are given in the first three paragraphs. The performance of CRLV's is given in 
appendix J 5. Each paragraph will be closed by conclusions and recommendations on the 
performance described in that paragraph. Some recommendations are already mentioned in chapter 
6. These ones will be repeated here. They can be recognized on the character they have, which 
corresponds with the characters of the recommendations in chapter 6. All recommendations are 
worked out farther in chapter 9. 

8.1 Inputs of the change process 

This paragraph gives the inputs of the change process for the Wildfire programme. Each input specified 
in the previous chapter will be given in a separate sub-paragraph. 

8.1.1 Number of CR's 
Wildfire CR's are not only raised in Venray, but also in Welwyn Garden City (Engineering), Toronto 
(DADF production, Duplex Automatic Document Feeder), Mitcheldean (PCB production, Printed 
Circuit Boards) and Lille (DADF production). In total, 1479 CR's are measured. The number of CR's 
raised from the beginning of the programme (the first CR is raised in about June 1994) to march 1996, 
is listed in table 8 .1. and pictured in figure 8. 1, sorted by site. 

Wihlire CR's by site 
Mitcheldean 

Toronto Lille Venray 

Welwyn 
Garden City 

Table 8.1. Number of CR's b site 

ffll t:;::r:::::::::::::r::::::iM•J::1 /:::J)::r:i:1:ttti'. .M:t~illi.tiiil 
Venray: 126 8,5% 

WGC: 1268 85,7% 

Toronto: 17 1,2% 

Mitcheldean: 65 4,4% 

Lille: 3 0,2% 

Total: 1479 100% 

For the overviews to come, the division 
by site will only be used if there are 

Figure 8. 1. Wild.fire CR 's by site remarkable differences in characteristics 
between Venray raised CR's and other CR's. CR's from Toronto, Mitcheldean and Lille will be taken 
together with the Welwyn Garden City raised ones. This is done because the system PCS can perform 
certain operations only for Venray generated CR's. Besides, Toronto, Mitcheldean and Lille generated 
very few CR's compared to Welwyn Garden City, so taking them together will not really affect the 
results. 

8.1.2 Classification 
All Wildfire CR's are classified according to the classes given in chapter 4. This results in the following 
division, given in figure 8.2. QC Impr. is short for Quality or Cost improvement, Doc. Update means 
Documentation update and Revision means design revision. 
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Wildfire CR classification - all sites 

Revision 
21% 

Initial design 
69% 

Figure 8.2. Wildfire CR classification, all sites 

Venray raised CR's contain less initial design 
(50%), because in early design, 
manufacturing is less important as the 
function of the part has to be designed. 
Venray raised more QC-improvement (16%), 
which is obvious as most opportunities to 
improve the cost of the machine or the quality 
of the assembly process can be found in 
Manufacturing. Venray also raised more 
documentation update (12%). lltis reflects 
that mistakes in drawings are discovered in 
Venray, while not detected in Welwyn Garden 
City. 

If release CR's are not taken in account as they cannot be avoided, 1007 - 236 = 771 CR's remain in 
initial design. This is 771 / (1479-236) = 771 / 1243 = 62%. This means that 38% of the CR's is raised 
after the design should be correct. 
the number of CR' s that are raised in a certain period, CR' s by raise date, are given in appendix l l. 

8.1.3 Completeness of information 

The completeness of the information stated on the CR is indicated by interviewing engineers in Welwyn 
Garden City. They are mainly satisfied with the information they receive from Rank Xerox Venray. 
Sometimes a phonecall is necessary to clarify the problem or the request, but this is not a major 
problem. It is seen as a problem, though, that engineering and manufacturing are on different sites. This 
complicates the communication. Although there is only one hour time difference, it is sometimes hard to 
contact people. Of all mentioned sites, communication with Venray is considered most satisfactory. 
Interviewing Manufacturing Engineers in Venray resulted in another aspect of communication, namely 
the expected result of the given information. Design engineers start working based on the information 
they receive. According to them, the information is clear enough. The outcome of their activities, 
however, is not always as intended in Venray. It is clear that view-points differ for Design and 
Manufacturing. It is therefore especially important to give complete information to give Design a look 
from a Manufacturing view-point, by using complete and clear information. 

8.1.4 Conclusions on the inputs of the Change Process 

Based on the inputs of the Change Process, the following conclusions can be formulated: 
• A lot of CR's are raised for one programme with l 62 unique parts. In initial design 77 l, not counting 

the release CR's, and 472 afterwards. 
• After initial design, 10. April, the number of CR's decreases, as is desired. 
• Revision CR's account for one third of the total number of CR's. lltis should be less, ideally all in 
~~gn~. . 

• Quality or Cost-improvement CR's is the smallest category. 
• There are relatively many Documentation update CR's. This could be avoided by improved 

document control. 
• About 10% of the revision CR's is raised by people from Venray. lltis means that during initial 

design more communication is needed to prevent these revisions from happening. 
• Venray generated relatively many Quality Cost-improvement CR's, which could be incorporated in 

design early. 
• Venray Documentation update CR's should not be necessary at all, if documentation is controlled 

well. 
• Welwyn is overall satisfied with the amount of information on CR's they receive from Venray. This 

information, however, does not always have the expected consequences (input related to expected 
output). 

Continuous Manufacturing Involvement 32 

-------



• Sometimes a wrong SIS-number is filled in on the CR. This does not occur often, but it takes about 
two more weeks throughput-time if it happens. 

The recommendations based on these conclusions are given in the frame below. 

Recommendation A: Check the contents of the CR to determine if the change is necessary. 
Recommendation B: Always use a clear problem statement and if possible suggestions for solving the 

problem, to speed up and 'guide' the process. 
Recommendation E: Improve document control, including electronic documents. 
Recommendation F: Make sure the right SIS-number is on the CR. 
Recommendation G: Investigate possibilities of giving manufacturing engineering impacts earlier in 

the design process. 
Recommendation J: Use the classification e.g. for setting priorities, as described in the theory. 
Recommendation K: Communicate more in initial design, e.g. by having a Manufacturing Engineer in 

Welwyn Garden City. 
Recommendation L: Have a centralized person in Venray for tracking CR's and regulating contact 

with originators and design. 

8.2 Change Process Characteristics 

The items given in the previous chapter concerning the characteristics of the Change Process, are given 
in separate sub-paragraphs. 

8.2.1 Cost of change 

Total engineering costs are known, but the exact cost of analyzing a CR, testing and updating the 
drawings and systems is not calculated. There are estimates, though very rough and not well motivated. 
The change itself, that is without any analyses or test, is said to cost about$ 1000. For a complete 
change including indirect work, logistics, drawing changes and implementation, cost of$ 5000 for PDT 
and Manufacturing is used as a rule of thumb. 

8.2.2 Throughput-time 

Throughput-time is measured as the time from raising a CR to disposition-date, when the final decision 
on the CR is taken. The throughput-time for Wildfire CR's is pictured in appendix 12 for all sites and 
for Venray generated CR's. It can be seen that CR's from Venray take more time than the other ones, 
which are mainly Welwyn Garden City raised CR's. 

To know in more detail how this throughput-time is realized, the time the main activities in the change 
process take is listed in table 8.2. The status a CR has throughout the process is listed as well. 

Table 8.2. ThrouWtout-time and cost of change activities 

II.IBlM ft/?]tlflf IS.iiffii 1Jiffie.::1m::r1=::1: •t• :::nw:t:litm::m::mt:l 
Prioritize CR PEN, MON, UNO --- private data --
Waitin~ time -- private data --
Solve oroblem --- private data -
Test --- private data -
Evaluate solution ACC --- private data --
Wait for impacts --- private data --
CCB APP --- private data ---
Issue new drawing ISS --- private data ---
Update svstem --- private data ---

Continuous Manufacturing Involvement 33 



V 

Counting the minimum times results in a throughput-time of twelve weeks, including testing. The 
maximum times result in a total time of about thirteen months. This is normal business. Urgent 
problems can be solved in a few hours or days, but it still takes a few weeks to finish the whole process. 

The mean time is given in table 8.3, classified and divided in Venray raised and others. The table shows 
that especially design revision takes significantly more time. Furthermore, obtaining impacts from 
suppliers takes a relatively long time, about a few weeks, as described in chapter 6. 
If parts are changed more than once, the mean throughput-time has to be multiplied by the times the part 
is changed. The time from the first part to the last, correct functioning part, therefore takes much longer 
time. 

8.2.3 Outstanding CR's 
The number of outstanding CR's only gives an indication of the change process on one specific moment 
in time. In this case, however, there is a large number of outstanding CR's, not only for the Wildfire 
Programme. For Wildfire, the number of outstanding CR's was about 80 in March 1995. Compared to 
the total number raised, this is about 80 / 1479 • 100% = 5%. If the release CR's are not taken in 
account, the percentage is 80 / 1243 • 100% = 6%. This is the percentage after the launch of the 
machine. This 6% outstanding CR' s in about 25 months, means a delay of 25 / l 00 • 6 = 1,5 month. 

8.2.4 Conclusions on the Characteristics of the Change Process 

• The throughput-time depends mainly on the kind of problem or the priority of the CR. A complicated 
problem takes a lot of time to solve, while a low priority problem is not worked on for a long time. 
Sometimes CR's take a long time because of changing design strategies. 

• Initial design CR's take longer than average. Venray CR's take more than two weeks longer than 
other CR's. 

• Venray generated Design revision CR's take a long time: almost a month longer than other CR's. 
• Quality Cost-improvement CR's take a long time, but Venray ones take less long. These proposals 

from Venray are apparently good and clear, so treated fast. 
• Documentation update CR's from Venray take longer time, whereas these class should be done very 

quickly according to theory. 
• Generally, Venray generated CR's take longer time. This could indicate that problems discovered in 

Venray are difficult ones and hard to solve. It is therefore important to communicate well on these 
problems. 

• The PDT is one and a half months behind in treating Wildfire CR's, so an early selection is 
necessary. FIFO-selection (First In First Out) would mean almost two months delay, so priority has 
much impact on the throughput-time. 

• Filtering CR's that are very likely to be rejected later on can reduce the number of outstanding CR's. 

The recommendations based on these conclusions are given in the frame below. 

Recommendation A: Check the contents of the CR to determine if the change is necessary. 
Recommendation C: Make sure the CR contains a clear description of the priority of the change. 
Recommendation H: Investigate possibilities for speeding up the process of obtaining impacts from the 

toolmakers and suppliers. 
Recommendation M: Treat Documentation update CR's faster to have reliable documentation. 
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8.3 Outputs of the change process 

This paragraph gives the results of measuring the outputs of the change process. The items to be 
measured are divided in the following sub-paragraphs. 

8.3.1 Validation of changes 

As mentioned in the previous chapter, no data on this subject is available. Talking to Quality Engineers 
and Manufacturing Engineers learned that unnecessary changes do occur. It happened that a whole 
machine was modified and could not be sold because the changes were not desired by the market. This 
indicates that validation is a serious problem, but it cannot be quantified. 

8.3.2 Effectiveness of the change 

The number of times a part is changed gives an indication of the effectiveness of the design (change) 
process. Wildfire has, as mentioned before, 162 unique parts. Not all of these parts are important or 
complex. Simple parts are released once and are correct, like off-the-shelf items. Therefore, only the PQ 
parts, Process Qualification Parts, are investigated. Process Qualification parts are parts that for which 
all elements influencing the method of manufacturing have to be investigated. A part is a PQ part if it is 
Quality Reliability Sensitive and/or Process Critical. Wildfire has 110 PQ parts. Table 8.4. gives the 
number of times these parts are changed. The data are derived from an overview of 7th May 1996. 

Table 8.4. 

50 0 0 
24 l 24 
15 2 30 
IO 3 30 
4 4 16 
7 5 35 
Total: I IO Total: 135 

As llO parts are changed 135 times, the mean number of changes per part is 135 / I IO= 1,23. 
If only the changed parts are taken in account, this number is even 135 / 60 = 2,25. This is without the 
parts that were correct in one time. If the effectiveness of design is measured, the first number is correct. 
If the effectiveness of the design change is measured, the second number is correct. 

To know more about the reason for changing parts so many times, a few parts are chosen to investigate 
further. The parts are described in appendix IO. Table 8.5. gives the partnames, the times they are 
changed and the number of changes that could have been avoided by earlier involvement of 
Manufacturing Engineering in design. It has to be mentioned that if changes could not be avoided by 
Manufacturing, this does not mean that they could not have been avoided by Design. This is, however, 
not investigated. 
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Table 8.5. Five Wildfire parts and their chan~es 

•:1,-:::rritntI iSU&.ISvitimJ=tttJt:==: 1mimii=:a..ffla::r 111m1.iri11:1,&,..::rJ•w1rr 
Cover inlet Fuser 4 
Lever A Fuser 5 2 
Harness DT4 Power distribution 5 I 
Filter box NOHAD 3 
Liniair Cam Duplex 2 
Cover assy 2 Covers 4 
Cover assy fr Covers 2 
Cover tray 3 Covers 4 
Key cap assy Covers 3 
Bracket encoder Developer 5 
Dev Motor assy Developer 2 
Motor Main Drives 2 
Totals: 41 3 

A simple calculation shows that three of forty-one changes could have been avoided by earlier 
manufacturing involvement. This is about 7%. 
These twelve parts are a sample of I IO Wildfire Unique PQ parts. Of these 110 parts, only 6- parts are 
changed. Of these 60 parts, about 20 are PWBA's, which are mainly changed because ofElectro­
Magnetic Emission demands or software changes. Considering this, the twelve investigated parts are a 
sample of 40 parts. which is about one third. This does, however, not make the 7% very reliable, as 
avoidable changes for other programmes in the future cannot be predicted by a percentage of the 
Wildfire programme. Each new programme is different and has its own unique problems. Besides, all 
avoidable changes are found in only two parts, or two Sub-Systems. It is therefore possible that for only 
a few Sub-Systems changes are avoidable. 
To verify this percentage, the Design Quality Metric from Welwyn Garden City for the Wildfire 
programme is given. The metric is calculated by dividing the number of problems by the number of 
unique ~wings. Considering only Manufacturing problems, this metric is almost 9%. This is an upper 
limit of the changes that can be avoided by Manufacturing involvement. This is in line with the 
percentage found, 7%. This indication therefore seems reasonable and will be used further. 

As mentioned in the previous chapter, the actual benefit of changes is not recorded. The benefit of 
changes that solved problems is very large. No further calculation is necessary on these ones, as these 
changed had to be performed. Benefits for costdown changes are not necessary to calculate either, as the 
mission for costdown changes is: 'reduce the cost of the machine, no matter what it costs'. 

8.3.3 Number of CR's implemented or rejected 
The final disposition of all Wildfire CR's is given in appendix 13. The number of implemented GR's 
and rejected CR's is calculated and summarized in table 8.6. As a lot of CR's are rejected, these were 
investigated further. This is also given in appendix 13. 

Table 8.6. Wildfire CR im . . 
:m-.:=:=:::=:=;:::::=:=::::::=;:::;rnrmr .:x.am:: 
Initial 
Revision 
QC-improvement -
Documentation 
Total: 

. data--

The remaining 324 CR's are release CR's (236) or not yet dispositioned (88). The release CR's are not 
counted in the calculations. 
The table shows that mainly QC-improvement CR's stay undispositioned. Other classes show a 
relatively high disposition percentage. 
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The category Quality and Cost improvement also shows a relatively small implementation percentage. 

Table 8.7. shows the same numbers for the Venray raised CR's. It shows lower percentages for 
dispositioned CR's and for implemented CR's. Remarkable is the low disposition percentage for Quality 
Cost Improvement CR's, 50%. The revision CR's are almost all implemented. 

Table 8.7. Wildfire CR implemented or rejected, Venray enerated - private data --
•:CJ.ii,:I]ltt::JI?'It\:tm ,:ttmiWi ffliih&hR:::::::: ltiiiimt ::,.,.,., ::01.::::-:-:;:•;~---~:•:•:;:;:•:;:•:;:;:;;lidlt) ::1mmiffiiM&t/&6 W••·••:=••·· 
Initial 
Revision 
QC-improvement -
Documentation 
Total: 

The database PCS reported for Venray generated CR's 71 rejects. As the status reject is not used 
properly, the reasons for reject are investigated. The results are given in table 8.8. The total number of 
rejects, 71, is correct. It is the number of CR's from Venray with status Reject. As can be seen, some 
CR's are implemented somehow and are not really rejected. 

Table 8.8. Reasons for Wildfire re·ects, Venray generated 

:- ;t.4.Efi~I/IfliKmtit!!tttf: ::N.Jm~f•:1.t•r.iiii: U•t••·••:::••··••:•: 
Raised for wrong programme 3 
Problem is solved otherwise 14 
There is no problem 13 
Covered by other CR's 27 
Cannot change part(s) 2 
Duplicate 2 
No resources to work on this CR I 
Unknown 9 
Total: 71 

When a CR is covered or the problem is solved otherwise, the CR should be assigned status Closed. As 
can be seen in the table above, this is not always done correctly. 

8.3.4 Design Stability 

Design stability is measured for every programme. As parameter the number of parts cut-in in 
production is counted. For Wildfire this target is not reached after the launch, when production is raised 
to large quantities. This is due to Wildfire changes, but also to changes to common parts. It is desirable 
to produce completely without any changes after a certain period, but this is never the case. · 
Figure 8.7. on the next page gives the number of parts cut-in by period, which is the indicator for the 
design stability. The target from the key metric mentioned in the previous chapter is added. 
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The programme start-up was in August 1995. The first launch, wave 0, was in November 1995 for 
Central Europe. The launch was in February 1996. 

The figure shows that the months January, February and March are above target. The rest of the months 
the target is reached. It has to be mentioned, though, that a lot of parts are planned to be cut-in in the 
next few months. It is not known if the design stability will remain below target. 

8.3.5 Conclusions on the outputs of the Change Process 

• It cannot be concluded from the analysis of the perfonnance of the change process that there are 
many invalid changes. An indication, however, is given which cannot be discarded. 

• Many parts are changed more than once. lbis reflects that problems are not solved in one time. 
• Of all rejected CR's, only 4 7% is really rejected. 51 % is incorporated in other CR's or solved 

otherwise. These ones should have had status Closed, because they are not rejected and the problem 
is being worked on by another CR. The remaining 2% consists of duplicate CR's. The status Reject 
is therefore not used properly. 

• Of the total amount of CR's raised, 79% is implemented eventually. So ideally, 21 % could have been 
avoided because they were rejected. 

• For Venray, the amount of'avoidable' CR's is 27%. lbis is 31 CR's, which is 13% of the total 
amount of'avoidable' CR's, namely 239. 

• Not many CR's in initial design are implemented. 
• Most implemented CR's are found in the class Revision CR's. lbis means that many design failures 

are discovered in Venray and have to be solved. 
• Venray generated relatively more QC-improvement CR's than Welwyn Garden City. 
• Venray generated CR's are less dispositioned and less issued compared to the other CR's. This means 

that these CR's are less important or more difficult. 
• The design is not as stable as desired. Improving the design stability would mean less issued CR's. If 

a CR is only issued when necessary, the only solution is to issue these CR's earlier in the design 
process, so in initial design, as much as possible. If not, CR' that are not really necessary, can be 
rejected. 
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The recommendations based on these conclusions are given in the frame below. 

Recommendation A: Check the contents of the CR to detennine if the change is necessary. 
Recommendation N: Improve the effectiveness of changes by investigating the causes of design 

iterations. 
Recommendation 0: Investigate possibilities for Batch cut-in of changed parts to reduce the 

disturbance of production. 

The conclusions and recommendations given in this chapter and in chapter 6 are used in the next 
chapter to identify problem areas. Potential solutions are indicated and a solution is chosen to work 
out. 
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CHAPTER 9. PROBLEM AREAS AND POTENTIAL SOLUTIONS 

This chapter summarizes the recommendations of the previous chapters. Based on these 
recommendations, problem areas will be identified in the first paragraph. The second paragraph will 
briefly describe potential solutions for these problem areas or an indication of how to work on the 
problem. Paragraph three will give selection criteria to choose a solution to work out further. The 
selection of the problem is described in paragraph/our. 

9.1 Problem areas 

A nonnal way to identify problem areas would be to start with the conclusions of the previous chapters. 
As there are, however, a lot of conclusions given, the recommendations are used as starting-point. They 
cover the most important and major part of the conclusions. 
The recommendations given in the previous chapters are summarized in table 9.1. below. 

Table 9.1. Recommendations 
t{el~iH6Wttttt:i@s:::r:wrnwmm.w1ttt.P&WM!itnw11t:rmmrnrn=m:1nmm::J:=1J:=:m:=nrmrn1:m=n1r:1m:rnmmmm:1m:;wm 
A. Check the contents of the CR to determine if the change is necessary . 
B. Always use a clear problem statement and if possible suggestions for solving the problem, to speed 

up and 'guide' the process. 
C. Make sure the CR contains a clear description of the priority of the change. 
D. Communicate important CR's from PDT to Manufacturing Engineering so it is known what changes 

are commg. 
E. Improve document control, including electronic documents. 
F. Make sure the right S/S-nwnber is on the CR. 
G. Investigate possibilities of giving manufacturing engineering impacts earlier in the design process. 
H. Investigate possibilities of speeding up the process of obtaining impacts from toolmakers and 

suppliers. 
I. Have a Manufacturing Engineer attend the CCB to take part in the final decision. 
J. Use the classification e.g. for setting priorities, as described in the theory. 
K. Communicate more in initial design, e.g. by having a Manufacturing Engineer in Welwyn Garden 

City. 
L. Have a centralized person in Venray for tracking CR's and regulating contact with originators and 

design. 
M. Treat Documentation update CR's faster to have reliable documentation. 
N. Improve the effectiveness of changes by investigating the causes of design iterations. 
0 . Investigate oossibilities for Batch cut-in of changed parts to reduce the disturbance of production. 

These recommendations can be grouped in six problem areas. The first one is information, which covers 
the recommendations B, C and F. The second one is Communication, which covers the 
recommendations D, G, I, Kand L. The third problem area is the internal processes in Welwyn Garden 
City, which is covered by recommendations E, J and M. The fourth problem area is the procurement of 
impacts from suppliers and toolmakers, covered by H. This problem area will be called FPP, as 
Forward Product Procurement obtains these impacts. 
The fifth problem area is the implementation of changes, recommendation O. All these recommendations 
can be worked out to reach the first objective of this graduation project. 
The sixth problem area is the number of design changes. This is covered by recommendations A and N, 
which can be worked out to reach the second objective. 

This link between the objectives, problem areas and recommendations is shown in Table 9.2. on the next 
page. 
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Table 9.2. Objectives, problem areas and recommendations. 

:[tffiiaum=t}fttt:tttttt!:lft:r::rrr:::rttl?Ultt&.6lim.i1i fii.MUiiHitftfitM]t:t:t \8.lf ®.i~di imhi 
I. Improved Design Change Process l . Infonnation B, C, F 

2. Communication D, G, I, K, L 
3. Welwyn Garden City internal E, J, M 
4. FPP H 
5. Implementation 0 

II . Reduced number of design changes 6. Number of changes A, N 

9.2 Potential solutions 

This paragraph does not give completely worked out solutions to the problem areas, but will indicate 
how the problems can be tackled and what further investigation is necessary. 

Potential solutions for the first problem area. infonnation, are already indicated by the 
recommendations. Correct and clear infonnation from Manufacturing to Design is important, as well as 
clearly defined CR's from other originators. 
The second problem area, communication, can be worked out by the solutions indicated by the 
recommendations. Communication between Manufacturing and design has to be more intensive, 
especially in early design. 
The third problem area has to be worked out further in Welwyn Garden City. The document control, 
concerning tracking of drawings and correct information on electronic documents, can be investigated. 
The change types used can be looked at closer as they are now very diverse and not mutual exclusive. 
Clear change types could help prioritizing CR's. 
The fourth problem can be investigated further concerning the throughput-time of obtaining impacts. 
This recommendation can be worked on by FPP. 
The fifth problem area needs further investigation on the effects of batch cut-in on the planning of the 
purchasing of parts. This can be done by a team of people from the departments involved, Production, 
Manufacturing Engineering, FPP and Design, or by Business Process Reengineering. 
The sixth problem area can be worked out by filtering CR's in an early stage of the change process and 
giving early manufacturing input. 

9.3 Selection criteria 

As not all problem areas can be worked out, a selection has to be made. Criteria for this selection are 
retrieved from chapter 4, the literature. As design is mainly determined in the early stages of the design 
process, solutions concerning these early stages have to be worked out before solutions concerning later 
phases. This will be criterion 1. The second criterion is a practical one. Solutions that are mainly to be 
worked out in Welwyn Garden City have to be worked out there in the first place, not in Venray. The 
criteria are listed in the frame below. 

Criterion 1. The solutions has to concern early stages of the design change process 
Criterion 2. The solutions with respect to Welwyn Garden City have to be worked out there in the 

first place. 

9.4 Selecting a solution 

Applying criteria one rejects the solutions for problem area 4, as the impacts from suppliers and 
toolmakers take place at the end of the change process . For the same reason, problem area 5 is rejected. 
Applying criterion two rejects the solutions for problem area 3, as this concerns Welwyn Garden City 
processes alone. 
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The remaining problem areas are information and communication, which are closely related, and the 
number of changes. 

The solutions of these problem areas can be combined if the filter that reduces the number of design 
changes also screens the information and takes care of early communication with the PDT in Welwyn 
Garden City. The recommendations concerning these problem areas are used and worked out in this 
solution. 

This chapter terminates phase three of the Problem Solving Process. The solution chosen in this 
chapter will be worked out in the next chapter. 
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CHAPTER 10. SOLUTION DEFINITION 

This chapter defines the solution selected in the previous chapter. Filtering Venray generated CR 's is 
described in the first paragraph. The second paragraph works out the filtering of Welwyn Garden 
City CR 's. The solution is worked out according to phase 4 of the problem solving process, described 
in chapter 5. Activities will be worked out as well as the human aspects. Financial consequences, 
barriers and enablers will be indicated. A paragraph about the quality of the solution, describing the 
expected impacts and the conditions under which the solution will work, will close the chapter. 

10.1 Filter Venray CR's 

The flow chart of the current change process shows that all CR's raised in Venray are handed to ECA, 
Engineering Central Agency in Venray, and communicated to the PDT directly, as pictured in figure 
10.1. ECA checks if the CR is entirely filled in, loads the information in PCS (Product Control System) 
and sends the original form to the PDT. Th.is original form is also called blue form because of it's color. 
A copy of the CR is kept in Venray. As mentioned in chapter 6, besides the administrative check, no 
technical check is performed on the CR's. 

Oiginator POT 

-Oa:k tr~ Is enllreJytlled In 
- l.md lnbnwtion In PCS 
- Send a1glnal ID the POT 
- Keep a a:ipy 

Figure JO. J. Current situation 

Before introducing how this technical check or screening can be done, something needs to be said about 
design responsibility. PDT in Welwyn Garden City is responsible for the design of the programmes 
developed in England. Requests to change the design need to be decided on by the PDT. Some CR' s 
can, however, clearly be rejected in Venray. These ones should not be communicated to the PDT just to 
be assigned status reject. The CR can be rejected, if necessary after consultation of the PDT. Th.is has 
to be motivated well to the originator of the request. 

10.1.1 Goals and activities 

The goals of the screening are the starting-point of the activities and described in the frame below. 

Goals of the Manufacturing Engineering Filter: 
• Reduce the number ofCR's as much as possible 
• Add information necessary to guide the Change Request through the Change Process 

To achieve these goals, all CR's that would be rejected by the PDT have to be filtered out in Venray as 
much as possible. The performance of the change process described in chapter 8 showed that duplicate 
CR's are rejected later in the process, as well as CR's that are covered by others. These ones can be 
filtered out. As many Venray CR's are covered by Welwyn Garden City CR's, it has to be known what 
CR's are raised there. This can be tracked by checking ECO, Engineering Change Document. Th.is 
database contains PCS and Probtrack. If every CR is loaded in the system correctly and clearly, 
duplicates and covered CR's can be filtered out based on this information. As CR's are sorted by Sub­
System number, not all CR's have to be checked to determine if the new CR is a duplicate of an other. 
Changes that are not necessary can be filtered out as well. If duplicate CR's are raised, this could, 
however, also mean that the problem is serious. The duplicate CR has to be rejected with the motivation 
that a reminder is sent to the PDT to solve the problem. 
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For the remaining CR's, the filter can explain the priority to guide them through the process. According 
to the task leaders in Welwyn Garden City, the information on the CR's from Rank Xerox Venray is 
satisfactory. From the view-point of Manufacturing Engineering, however, the CR's are not always 
treated as expected. Useful Manufacturing information can therefore be added or communicated in an 
other way to Welwyn Garden City to achieve the desired actions. 
The contents of the CR have to be checked. This will mainly be the change type, the Sub-System 
number and the programme. This information is necessary to have the CR on the right desk in Welwyn 
Garden City. The programme is also necessary to have the right resources allocated to the CR. A CR 
for a Long-bow part has to be raised for the Wildfire programme if there are problems with the part in 
Wildfire . This seems, but is not always done as described. As Long-bow is a much older programme, 
the CR is likely to have very low priority for this programme. 
The CR's from Venray can be tracked when communicated to Welwyn Garden City by someone taking 
part in the filter. This person can keep contact with people in Welwyn Garden City, to carry out 
recommendation Lin the previous chapter. 
In addition, the filter can be represented in the CCB by a Manufacturing Engineer, according to 
recommendation I in chapter 9. 
The filter's activities described are summarized in table IO. I below. 

Table 10.l Activities ME Filter at Rank Xerox Venray 
l\tii.tm'·==:·=t ==:·:·=,=~,=,\\=·'\s.c::.::::::::rn,,.,<1a,vma.aBDt~.:-:-''.''.'*-:"'1Y.'aifiittt 
• Filter out duplicate CR's 
• Combine CR 'son the same problem (covered CR's) 
• Filter CR's that are not necessary or desired 
• Prioritize the CR' s 
• Check the change type 
• Check the Sub-System number 
• Check Programme 
• Track CR's sent to Welwyn Garden City 
• Attend the CCB 

The current CR-form, appendix I, has room for an explanation of the reason for the request. In early 
development the reason can be explained here. After launching a programme, this can be used to 
describe the consequences of not changing, instead of the reason for the change. This is because there is 
always a reason for a change, but this does not clarify why the change is really necessary. This starting­
point is in accordance with the theory described in chapter 4, where is stated that changes on a finished 
design are in principle not desired. 

10.1.2 Priorities 

The priority can be explained using the following rules: 
Changes that are necessary need to be done first . Changes which are opportunities have lower priority. 
This is an obvious statement, but in practice not always easy to use. The difference will be explained 
further. 
If a programme does not meet specifications, design changes are necessary to reduce the gap between 
the actual performance and the specifications. These changes are known as MUST -changes. If, 
however, the gap is only small and the cost to fill the gap is considerable, specification can be changed. 
A SCN, Specification Change Note is raised, as explained in chapter 2. This is pictured as situation I in 
figure 10.2. 
If a programme does meet specification, there are always changes that can improve the product 
performance or the manufacturability. These changes can reduce the product-cost or reduce the chance 
of errors in assembly by easing manufacturing. These opportunities can be taken after the necessary 
changes are carried out. This is pictured as situation 2 in figure 10.2. 
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Figure 10.2. Necessary changes or MUST changes and opportunities 

This division of changes in necessary changes and opportunities is not satisfactory. A lot of necessary 
changes will remain. To prioritize these ones further, the following rules can help: 
Priority 1: Critical changes 

These changes are necessary to have the machine running or to be able to continue building it. 
Priority 2: Major changes 

These changes have to be done before the next build-block. These changes will , when not finished in 
time, become critical changes. 

Priority 3: Ordinary changes 
These are the remaining changes, so-called structure updates. To rank them, a rating can be assigned 
obtained from the PVf matrix, given in appendix 11. PVf is short for Product Verification Test. If 
problems are found in the test, these problems are given a rating. This rating is very familiar with an 
FMEA-score. Consequences, Frequency and Detectability are rated with a score from l to 5. The 
multiplied score will give an idea of the seriousness of the problem. 

Costdown changes 
Costdown changes can be considered as a separate category. Opportunities can very often be 
calculated in money saved by these changes. This can be done using the NICE model. This National 
Integration Cost Evaluation model calculates the Net Present Value of a change considering tooling 
cost and UMC costdown. The model gives the Pay-back time and the total savings. The model is 
developed at Rank Xerox Venray. Of course a change that saves more money has higher priority. 
The money saved, however, depends on the cost it takes to go through the change process and the 
consequences for remanufacturing and service. These costs have to be included in the calculation. 
Dependent on the programme priority on cost-down, these changes can be assigned a high priority. 
Especially as costdown is often treated as a separate process to reduce the cost of a machine a 
certain period after finishing design. 

Important is that priorities are set within a programme, as each programme is assigned a certain amount 
of engineering hours. The TPM, Technical Programme Manager has final responsibility for the= 
programme and the use of the engineering resources. 

These activities can be carried out for all Venray generated CR's, independent on the programme or 
PDP phase. Venray generated 13 79 CR' s in 1995. This is about 6 a day, or 30 a week. If it takes ten 
minutes to screen and prioritize a CR, a Manufacturing Engineer is working on them for about half a 
day a week. 

10.1.3 Place of the filter in the Change Process 

The filter has to be established somewhere between the originator and the PDT. There are two 
possibilities to do this. Either before or after ECA. Once ECA has loaded a CR in the database, it can 
only be removed by rejecting it. Filtering out CR's has therefore to be done before loading PCS. 
As all CR's are handed to ECA right now and as ECA checks the contents of the documents, it is best 
to have the CR's collected by ECA. After checking but before updating PCS, ECA can hand the CR's 
to the Manufacturing Engineering Filter. The documents come back after screening and ECA can 
update the system. To track the CR's, a code is added to each CR that goes into the filter . This code can 
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consist of the raise date with an order number. ECA can check if CR's are coming back from the filter 
and how long this takes. Numbers of CR's that are filtered out have to be reported to ECA. 
The place of the filter is pictured in figure l0.3. as the desired situation. 

Other 
Originator 

- Check if CR Is 
entirely filled In 

- Add tracking code 

Figure 10.3. New situation 

ME Originator 

- Screen CR's (Ace / Rej) 
- Add possible solutlon(s) 
- Add Manufacturing input 
- Add Estimate Impacts 

10.2 Filter Welwyn Garden City CR's 

- Load information in PCS 
- Send original to the PDT 
- Keep a copy 

PDT 

The current situation on CR's not generated in Venray, is pictured in figure l0.4. These CR's are not 
known in Venray until manufacturing concurrence is needed, after analysis on the change. In this stage 
of the process, the way back is not easy and a considerable amount of money is already spent on the 
change. The process pictured below already contains elements of Business Process Re~ngineering, 
which is also implementing some changes in the process. 

CR 
WGC WGC RXV WGC RXV BA 

- Estimate ME Impact - M.E. consolidation 
- Ace / Rej solution - FPP impacts 

Figure 10.4. Current change process 

The need for changes not generated in Venray and their priority is determined in Welwyn Garden City. 
No Manufacturing input is given until the changed part has to be tested. If there is manufacturing input, 
it is mainly on technical aspects 
Earlier Manufacturing Concurrence is desired. This can be realized by filtering these CR's as well . This 
is pictured in figure 10.5. 

CR BA 

- Estimate ME Impact - M.E. consolidation 

ME Filter 
- Ace / Rej solution - FPP impacts 

Figure 10.5. Position of the Manufacturing Engineering Filter in the change process 
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10.2.1 Goals and activities 

The goals of this filter are described in the frame below. 

Goals of the Manufacturing Engineering Filter in Welwyn Garden City: 
• Reduce the number ofCR's as much as possible 
• Achieve mutual agreed priorities. 
• Give Manufacturing input on the change 
• Give Estimate of Manufacturing Impacts 

There are two possibilities for filtering all other CR's. The CR's have to be communicated to Venray to 
give concurrence, or a Manufacturing Engineer from Venray has to come to Welwyn Garden City to 
give concurrence. 
The first possibility is not desired. As CR's come from different sites (Mitcheldean, Toronto, Lille for 
Wildfire) to Welwyn Garden City, the distribution of the documents would have to be changed 
drastically. All these sites would have to be involved in this filter to change the flow of the CR's. 
To keep implementation as easy as possible, the second option is chosen. Only Rank Xerox Venray and 
Welwyn Garden City are involved. Furthermore, this option works out personal communication which 
is more suitable for giving manufacturing input than written communication. This communication is 
worked out further in paragraph 10.3, as it concerns people. 

The activities for filtering Welwyn Garden City CR's are almost the same as for Venray generated ones. 
Assumed is that the change type and SIS-number is already checked by the originating site or in 
Welwyn Garden City. The filter does not have to perform these activities. 
Duplicate CR's can be filtered out and CR's on the same problem can be combined. This is possible 
now for all CR's as they are in one site at that moment. 
The need for a change can be discussed from both a design and a manufacturing view-point. Although 
the interests of design and manufacturing do not differ much, the view-point is different. 
A problem can be solved by changing one of the following three aspects of the delivery of a copier: 
• Design 

• Assembly Process 
• Assembly tools 
A design change can sometimes be avoided by adapting the assembly process or -tooling. On the other 
hand, this can be much more complicated than changing the design. Which change to be carried out, has 
to be discussed by Design and Manufacturing. 
The CR's can be prioritized from both design-and manufacturing view-points as well. This way, not 
only changes are avoided that can be avoided, but necessary changes can more easily be 'pushed 
through the process'. 
The last activity is not the least: Give Manufacturing input on the change. Design is done considering 
manufacturing consequences as well as possible. Nevertheless, design engineers do not know ev~rything 
about manufacturing as no manufacturing is performed in Welwyn Garden City. Building one machine 
is totally different from building hundreds of machines of different types on one line. Parts can be mixed 
up or assembled in a wrong way. A Manufacturing engineer also knows what tools are used and what 
standard parts or off-the shelf-parts can be used best as they are already available at the production line. 
This way, changes caused by manufacturing problems can be avoided and Manufacturing opportunities 
can be incorporated in design. This is part of recommendation N, improving the effectiveness of changes 
by investigating the causes of design iterations. The cause 'manufacturing problems' can be investigated 
this way. 
The activities of this filter are summarized in table 10.2. on the next page. 
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• Filter out duplicate CR' s 
• Combine CR's on the same problem (covered CR's) 
• Filter CR's that are not necessary or desired 
• Prioritiz.e the CR's 
• Give Manufactu · · roblem or chan e 

As an enonnous number of CR's is raised in a year, it is not possible to discuss all CR's. A reasonable 
restriction is to only discuss the CR's concerning the programmes for which Rank Xerox Venray is 
Managing Unit. This means that Rank Xerox Venray is the first site that builds that programme. The 
Managing Unit participates actively in the development of the copier. If a copier is developed by another 
site and transferred later to Rank Xerox Venray, this site is Affected Unit. Only minor changes are 
possible as the programme is already developed completely. 
In spite of this restriction, still too many CR's are left. For old programmes for which Rank Xerox 
Venray is managing unit, still a considerable number of CR's is raised. If only the programmes from 
start-up to some months after launch are discussed, a reasonable number of CR's remains. For 1995, 
this was about 1500 CR's, for Wildfire and Cruiser. 
Assuming that a year has about 45 working-weeks, about 30 CR's have to be discussed in one week. If 
a Manufacturing Engineer would visit Welwyn Garden City for one day every week, each CR can be 
discussed in about 15 minutes. Assumed is that this day has about 8 effective working-hours. As not all 
CR's are very important, there will be more time available for the complicated ones. 

The CR's can be discussed with the task leaders of the Sub Systems. For Wildfire, there would be nine 
task leaders involved in the discussion with the Manufacturing Engineer from Venray. Assuming that 
not every task leader is involved every week, about 5 people to talk with each week remains as a 
reasonable assumption. 
If necessary, copies of important CR's can be taken to Venray to look at by someone specializ.ed in that 
part or Sub-System. It should be possible to retrieve the necessary infonnation from the database, but 
this infonnation is usually too brief to be useful. 

10.3 People 

The activities the filter has to perform are described. The next step is to define which people have to 
perform these activities. 
It is preferable that the person that visits Welwyn Garden City is also the person that screens the Venray 
CR's. As the kind of changes are mostly very diverse, a sort of 'all-round' Manufacturing Engineer is 
the most likely person for this function. 
The screening ofVenray CR's with respect to the need for change and the technical information'can be 
done by the SIS-engineers. The person who filters the Welwyn Garden City-CR's can also describe the 
priority. This person must have an overview of the whole machine to be able to balance these priorities. 
A design representative in Venray can help filtering. This design engineer from Welwyn Garden City is 
located in Venray for a couple of days a week to give design input and take manufacturing infonnation 
back to Welwyn Garden City. Detailed technical Manufacturing infonnation, however, cannot be 
communicated by this person, because of the difference in expertise. 

therefore, only a Manufacturing Engineer can communicate Manufacturing information to Welwyn 
Garden City. As the Manufacturing Engineers are specializ.ed in Sub Systems, only the 'mainline' 
engineers, have a good view on the whole machine. For the visits, there are three possibilities: 
I. One mainline Manufacturing Engineer visits Welwyn Garden City every week 
2. Several specializ.ed Manufacturing Engineers take turns in visiting Welwyn Garden City 
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A mainline engineer has a better overview of the assembly problems that occur because more types of 
machines are build on one mainline. A specialized engineer has a better overview of problems with parts 
that occur in different programmes. 
On alternative l, it is possible that a specialized ME visits Welwyn Garden City on specific or complex 
problems. 

To avoid that too many people are talking to too many people, alternative l is preferred. Especially 
because one person can obtain experience in dealing with design versus manufacturing problems. 

Coordination in Welwyn Garden City is necessary to arrange the meetings. A person who knows what 
CR's came in that week can coordinate the meetings. CR's are always discussed in a S/S-PMC, 
Problem Management Committee. If the Manufacturing Engineer can attend these meetings, it does not 
take extra time for the Task leaders or Design Engineers as the CR's have to be discussed anyway. 

10.4 Financial aspects 

This paragraph will calculate or estimate the costs and benefits of the filters. 

10.4.1 Filter Cost 
A visit to Welwyn Garden City for one day costs about 1400 guilders. During this day, about 30 CR's 
can be discussed, as stated in paragraph I0.2. This increases the cost for Rank Xerox Venray of 
analyzing a CR with: 

F 1400 / 30 = F 47,00 

If a Manufacturing Engineer could visit for two days every two weeks, these costs are even less as a two 
day-visit is cheaper than two one-day-visits. 
If the manufacturing engineer can attend the meetings in which the CR's are discussed by the Sub­
System anyway, hardly any extra time or cost is spend by design engineers in Welwyn Garden City. 

Compared to the total CR costs from CR to BA (which was estimated to be about$ IOOO) the filter 
costs are: 

F 47,00 / F 1770,00 • 100% = 3% 

The Xerox standard rate for $ l is F I, 77 

10.4.2 Benefits 
Benefits of the filter are the reduced cost of analyzing CR's or implementing ineffective changes. 
If the implementation of a change is avoided, this saves$ 5.000. This amount of money is used at Rank 
Xerox as a rule of thumb for the cost of implementing a CR. No exact costs are available, as mentioned 
in the performance of the change process described in chapter 8. The filter will break even if one every 
188 changes is avoided, concluded from the following calculation: 

F 8850 IF 47 = 188 CR's 

In theory, all changes after the first release of a part can be avoided. In daily practice, this is not 
possible. In designing parts and Sub-Systems, test results have to be obtained to adapt the design to 
have it function correctly. Some design-iterations are therefore not avoidable. The question is now, how 
many changes can be avoided by giving early manufacturing impact or input. These changes are really 
avoidable. To quantify this, table 8.5. can be referred to. It is stated here that about 7% of the changes 
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can be avoided by early Manufacturing involvement. It is already mentioned that this percentage is not 
statistically reliable. but a reasonable indication. 

As the filter would break even if one every 188 changes is avoided. which is less than I%. the filter is 
very likely to be profitable as the estimate of the avoided changes is 7%. 

10.5 Barriers and Enablers 

This paragraph summarizes barriers and enablers of the filters. Important barriers are worked out to see 
what their impacts are. 

10.5.1 Barriers 

As the filter will use about two working days a week. the higher workload is the greatest barrier. The 
workload for manufacturing engineering is already quite high. 
The time necessary for the filter is therefore investigated further and related to potential time savings by 
avoiding changes. The following calculation is made: 
The filter takes two working-days for Manufacturing Engineering. For one person this is 40% of the 
workload each week. Related to the current establishment. this is 

40% I 15 people= 3% extra workload 

As reduction of the number of changes also causes reduction of the workload. this is calculated as 
follows: 
Manufacturing Engineers spend about 20% of their time on changes. 
A voiding 7% of the changes therefore means: 

20% • 7% = 1 % reduction of workload 

Taken these percentages together. the filter will almost break even on workload. It has to be mentioned. 
however. that this is a long-term effect. In the short-term. time will have to be invested to have it paid 
back. 

10.5.2 Enablers 

Enablers are found during the many talks with different people at both sites: 
• Manufacturing Engineers want more involvement in the design change process 
• Design wants more Manufacturing Input from Rank Xerox Venray 
• The Manufacturing Engineering Filter is in line with other Business Process Re-engineering jdeas 

It is therefore very likely that both sites will cooperate in the filter to make it work effectively. 

10.6 Quality of the solution 

To have an idea of the quality of the solution. the expected impacts on each of the elements of the 
change process performance described in chapter 6 are given. Where possible. the impacts are 
quantified to have a better idea on the impact. although an accurate quantification cannot be justified. 
I. The number of CR's raised will decrease with at least a few percent. as duplicate CR's are filtered 

out and some CR's that are now covered can be combined in advance. 
2. The category 'design revision' is likely to become smaller with about 7%, because of the avoidable 

changes described in paragraph 10.4.2. 
3. The information from Rank Xerox Venray to Welwyn Garden City and vice versa will improve. 

More detailed information is shared and mutual agreed priorities are set. Manufacturing impacts are 
given early in the design change process. 
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4. The cost of a single change will increase with about F 50,- (paragraph 10.4.1.) while total change 
costs will decrease. Money is saved by less changed parts because less tooling has to be adapted, 
which saves$ 5000,-for each avoided change. Wildfire knew 135 changes, of which 7% (paragraph 
10.4.2.) is 13. Multiplied by$ 5000, this results in savings of more than F 80.000,-. 

5. The throughput-time of a single change will probably be longer because of the filter activities that 
need to be performed on the change. This could take a week at most. As, however, priorities are set 
better, the changes that really need to be done quickly, are done more quickly. If Welwyn Garden 
City has less CR's to work on, this will reduce the throughput-time, eventually, with about a week. 

6. The number of outstanding CR's will reduce because of better priorities and more rejects. A 
reduction of 50% after the Launch seems a reasonable estimate. This would mean 40 outstanding 
CR's after Launch instead of 80. 

7. The validation of changes will improve, as changes are mutually agreed upon. As the validation is 
not quantified, the effect of the filter cannot be quantified either. 

8. The effectiveness will improve, as more changes are performed in less times. As about 7% of the 
changes can be avoided (paragraph 10.4.2.), the effectiveness will improve with 7% as well. 

9. The number ofCR's implemented will be reduced with about 7% (paragraph 10.4.2.). The number 
of CR's rejected will possibly increase, but at a very early stage where minimal resources are spent. 
If, however, CR's that are likely to be rejected are filtered out for a large part, they will not even be 
formally raised, which reduces the number of rejects with a few percent. 

IO.Last, but not least, the design stability will improve as less changes have to be implemented in 
production. Here, the same number of 7% (paragraph 10.4.2.) can be used as an estimate. 

10.6.1 Conditions on the solution 

Not every solution is likely to work just like that. Some conditions on the solution described are listed 
below. 
• TPM support: The Technical Programme Manager has final responsibility on the programme. This 

person also discusses every issued CR in the CCB. As a managing function, the TPM has to support 
the filters to achieve commitment of people for this solution. 

• Openness of people on both sites. This can be an important aspect when discussing changes. 
Criticism has to be accepted by Design Engineers as well as Manufacturing Engineers. 

• The meetings have to be coordinated in Welwyn Garden City to spend the time effectively. 
• The database in which CR's are loaded has to be provided with a correct and clear description of the 

Change. This way, CR's can be looked at before visiting the other site as the system is accessible for 
both sites. This can help filtering or covering CR's in advance. 

• The filter in Venray must not delay the communication ofCR's too much. A few days would be 
acceptable. If this takes more time, it can be considered to communicate the CR's anyway and 
provide the task leaders with extra information later. The filter is functioning parallel in that case. 

The solution is defined in this chapter and the implementation phase can start. As this is not pprt of 
this graduation project, it will not be described in this report. Neither will the evaluation phase. 
which can only take place after implementation. The next chapter will therefore close this report by 
giving.final conclusions and recommendations. The last paragraph of this chapter will discuss this 
graduation project. 
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CHAPTER 11. CONCLUSIONS AND RECOMMENDATIONS 

This chapter closes the report by giving.final conclusions and recommendations. This will be overall 
conclusions, not the specific ones already mentioned in previous chapters. An overview of these can 
be found in the executive summary at the beginning of this report. The last paragraph of this chapter 
will give a brief discussion on this graduation project. It will mention the restrictions of this 
investigation and indicate areas for farther investigation. 

11.1 Conclusions 

The most important, but also most obvious, conclusion of this project is that the design change process 
within Rank Xerox can be improved on a lot of aspects. Overall, it can be concluded that the 
communication between Manufacturing and Design is not well structured, like e.g. the communication 
with suppliers in CSL 
If 'Continuous Manufacturing Involvement, defined in this report, is implemented, the gap between the 
theoretical requirements and the actual performance is almost closed. 
A third conclusion is that the consequences concerning Life Time cost of a copier are not known 
specifically, while on the other hand cost-down is tried to be achieved by changes. 
Fourth, it can be concluded that the performance of the Change Process, like measured in this project, 
has never before been measured by Rank Xerox, a Total Quality Company. 

11.2 Recommendations 

The following recommendations are based on the conclusions above. 
The first recommendation is, of course, to implement the Manufacturing Engineering Filter defined in 
this report. This can be incorporated in BPR. 
The remaining recommendations from chapter 9 are repeated in table 11. l , where a column is added 
with the department that has to work on the recommendation. 

Table 11. l . Remaining recommendations and responsibilities 

E. Improve document control, including electronic documents. 
H. Investigate possibilities of speeding up the process of obtaining impacts 

WGC - printroom/CM 
FPP 

from toolmakers and suppliers. 
J. Use the classification e.g. for setting priorities, as described in the theory. 
M . Treat Documentation update CR's faster to have reliable documentation. 
0. Investigate possibilities for Batch cut-in of changed parts to reduce the 

disturbance of production. 

WGC-Design 
WGC-Design 
ME, FPP, Production 
or BPR • 

Furthermore, it is recommended to investigate the consequences of changes in detail with respect to 
Life-Time costs. Costdown changes can reduce the cost of a producing the machine in Venray, but 
increase the life-time cost. Changed parts affect the possibilities for remanufacturing, which has 
consequences for the cost of production of other machines. This recommendation can be supported by 
chapter 4, where paragraph 4.2.2 states that it is important to have methods for evaluating net benefits 
and costs of changes. A Team with representatives from Design, Costdown, Remanufacturing, 
Production, Field and Spares has to be formed to investigate this. 

To continue improving the process of design and changing design, it is recommended to adapt the 
performance model described in this report to be able to measure the performance of the change process 
quickly. Corrective actions can be taken based on this performance. Especially validation and 
effectiveness need further investigation for measuring possibilities. The other parameters are more 
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directly measurable. This recommendation has to be carried out by Quality Management in Welwyn 
Garden City. 

11.3 Discussion 

As all investigations, also this investigation has its restrictions. In the first place, this investigation is a 
momentary view on the change process. The development of the process itself is not investigated. This 
does, however, not detract from the conclusions in this report. 
Secondly, the performance is only investigated for one programme. This is done to be able to collect 
congruent data. The process itself is looked at for all activities on all programmes. 
A third restriction is that the communication between Venray and Welwyn Garden City takes place only 
if Venray is Managing Unit of a programme. If Venray is Affected Unit, changes are more difficult and 
have to be treated in a different way. 
The final restriction is that the solution is only applicable to the sites in Venray and Welwyn Garden 
City. For the PDT being in e.g. Webster, US, the solution can not be implemented completely as the 
distance is much larger and one-day visits are impossible. 

At the end of this report, the objectives should be reached. This is not the case, but a solution is worked 
out with which the objectives can be reached. Working on the remaining recommendations will also 
contribute to reaching the objectives, an improved Design Change Process and a reduced number of 
design changes. 
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GLOSSARY 

ACC Accept (CR status) MUP Marked Up Print 
BA Build Authorization PA Purchase Acquisition 
CCB Change Control Board PCE Product Cost Evaluation 
CCM Centralized Commodity PCS Product Control System 

Management PDP Product Delivery Process 
CIA Change Impact Analysis PDT Product Delivery Team 
CLO Closed (CR status) PEN Pending (CR status) 
CM Configuration Management PMC Problem Management Committee 
CR Change Request PO Purchase Order 
CRLV Change Request Life Variance PQ Process Qualification 
CRU Customer Replaceable Unit PSP Problem Solving Process 
CSI Continuous Supplier Involvement PVT Product Verification Test 
DCP Design Change Process QCD&CS Quality, Cost, Delivery and 
DE Design Evaluation Customer Satisfaction 
Disp Dispositioned QCD&S Quality, Cost, Delivery and Service 
DPHM Defects Per Hundred Machines RXTC Rank Xerox Technical Centre 
EC Engineering Change RXV Rank Xerox Venray 
ECA Engineering Central Agency REJ Rejected (CR status) 
ECD Engineering Change Document REL Release (CR status) 
El European Integration SIS Sub-System 
EME Electro-Magnetic Emission SQA Supplier Quality Assurance 
FMEA Failure Mode and Effect Analysis SIT Soft Tooled 
FPP Forward Product Procurement TORF Tool Order Request Form 
FRDT Field Readiness Demonstration Test TPM Technical Programme Manager 
FX Fuji Xerox TID T earn Issue Date 
HIT Hard Tooled TO Try-Out 
ISS Issued (CR status) UMC Unit Manufacturing Cost 
ME Manufacturing Engineering UND Undispositioned (CR status) 
MON Monitoring (CR status) WGC Welwyn Garden City 
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APPENDIX 1. CR DOCUMENT 
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APPENDIX 3. EXPLANATION OF FLOW CHART SYMBOLS 

(~1-~1 ) Start of the flow chart Information System 

Activity Decision 

M.E. activity Delay 

Document 
Also used as connector 

%¡� 
4 

I 
I 

Predefined process 

C) Connector 
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C:\SIL V\FLOWCRSAF2 

Wednesday, 22 May, 1996 
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hard copy CR 

------
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Problem/idea 

1.2 1 
Raise CR 
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CR blue form 
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Communicate 

CR 

, ------~ 
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WHO 

ME, PROD, CSI, PDT 

anyone 

Originator 
(support ME, SQA) 

ECA 

Page 1 

HOW 

Idea in order to: 

- meet product spec (changed spec/design failure) 
- solve a problem 
- achieve cost-reduction 
- improve quality (production, assembly, function) 

Fill in blue form: 

- name, date, location, tel. raise date 

- programme, part number, part name, SIS-number 

- change type : general reason for raising 
- value : estimated costdown, DPHM 
- problem statement 
- request 

- Check information on CR 
- Log information in PCS 
- Keep a hard copy 

- Send blue form to PDT 
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2.1 

Distribute 

2.2 
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problem 

2.3 l Allocate 

priority _ 
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priority / 
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WHO 

ECA: printroom RXTC 

Task leader 

SIS team I Task leader 

SIS team I Task leader 
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HOW 

Distribute to SIS-team : 
• CR-package 

Read information: 

contact originator for additional information if necessary 

Priority based on: 
• urgency (PDP ongoing) 
• cut-in block 

• programme priority 

• category (A,B,C,D) 

Decide to work on it now or to put it aside: 
in accordance with TPM 
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Give outlook 
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2.7 
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parts affected 
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changes 
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Update 
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WHO 

S/S PMC / Task leader 

SIS PMC / Task leader 

S/S PMC / Task leader 

SIS PMC / Task leader 
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HOW 

Based on 'control' of problem: 
expected 'problem solved' date 

Determine which parts are affected by the change 

Based on information from ME or CCB 

Record : 
- activities 
- responsibilities 
- target dates 



2.11 

Field data 

2.12 

Test data 

2.13 
Manufacturing 

data 

2.10 
t------1 .. Engineering 

evaluation 
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solution 
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Test 

Reject/ Close 
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WHO 

SIS-team I Task leader 
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SIS-team I Task leader 
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HOW 

No firm process, just PSP 

Allocate engineering resource to the CR or not. 

No firm process 
P.5~ use-cl 

Test changed srr part in Test labs 

Accept solution based on test results: 
CR status: ACC 
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Co-ordinator M.E. Team 

M.E. Team 
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HOW 

Send: 
- SIT Part 
- Drawing 
- Drawing checksheet 
- additional information (programme) 

Check configuration 
Provide M.E. with information 

Check impact part on: 
- Assembly (FMEA, Tooling, standard time) 
- Service 
- Recycling 

Give advice by signing Drawing checklist 
-Accept 
- Reject 
- Accept with change 



CIA package 

Spares 
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Design package 

validat ion 
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/ Distribute CR 
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1 

package J 
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H I 

CIA package I 
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WHO 

SIS team I Task leader 

Planner Analyst 

ECARXTC 
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HOW 

Generate design change package 
- Complete CIA 
- Complete checklist 

- Add new drawings 

- Marked Up Prints 

- Supporting data 

- Closed CR's incorporated in this fix 

Planner Analyst Validation : 

- Check package for completeness 
- Configuration integrity 

ECD Update : 
- Disposition • ACC 
- Create CIA in ECD 

- Update NEPAM (PCS module) with New parts/Cut-in 
- Materiel continuity planning 

Distribute CR package to printroom RXV 
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WHO 
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M.E. Team 

M.E. Team 
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HOW 

Check: 

• Drawing 

- Drawing checksheet 
- Configuration 

• T.O. S.T. parts 

• FMEA, assy tooling, standaardtijd 

- Service-impact, recycling impact 

- Drawing checksheet 

Drawing checklist: impact change on : 
- Assembly tooling 

- Standard Time 

-FMEA 

- Fit & Function 
- Remanufacturing 

- Configuration 

including explanation in case of impact 
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HOW 

Ask tool-engineer 

Accept change or negotiate with PDT: 
- Acceptable change 
- Reject 
- Accept with change 
Reject: back to 'Work out solution' (2 .15) 

Initiated by signing drawing checksheet 
Hand CIA package to FPP 
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Request Supplier for Quote 
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- Part costs 

- Tooling costs 

PCE calculation 
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Supplier 
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HOW 

Supplier calculation 

Compare quote and estimate and negotiate with 
the supplier when there is a significant difference 

Discuss change of part 
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Impacts M.E. 
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Not approved 
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Issue CR 

WHO 

FPP 

Team Programme Manager 
-PDT 
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-FPP 
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Technical Programme Manager 
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HOW 

Information of supplier: 
- Cut-in date 
- impacts (scrap, rework, tooling-cost, UMC) 

Review total information: 
- Final check on mandatories 
-Approve Tooling/Scrap/UMC costs 

Decide whether or not to allocate the money 
If not: 
• work out new solution (to 2.15) or 
• adapt cost to budget, negotiate with supplier (to 4.8) or 
• adapt budget to cost, so approve later (to 8.2) 
• c•;ect 

Update ECD to status ISS 
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APPENDIX 5. WILDFIRE CR'S DISCUSSED 

This appendix tells something more about the CR 's investigated in Welwyn Garden City by 
interviewing the task leaders on the activities carried out on these CR 's. The CR numbers are given to 
identify the change. The throughput-time is added as well as the final status. 

V800745, 5 months, ISS. 
This change was not major. The reason why this one took five months, is that it had to run several test 
before it could be issued. 

V800829A, 9 months, ISS. 
This change was actually a medium tool change, but it took a long time before all impacts from all 
affected sites were known. Toronto testing for example took about 5 months. The part was used in 
Wildfire, L-bow, X-bow and Macon. The problem was actually solved by purchasing a part for wildfire 
by another supplier, while the other programmes were still using the old part. The part was therefore 
purchased from two vendors One changed the tool for wildfire, while the other one did not change. After 
creating a common part, the tooling could be updated and purchased from any of the two vendors. 
To find the solution for the problem took about one month. After a few months testing in Canada, it 
took one month to finish the CR finally . 

V800671A, 15 months, UND 
This CR has been solved for a long time, it just got lost somewhere. The CR went to the right SIS, but 
did not reach the right person. There were no difficulties in deciding whether or not to accept the CR. 
The CR was about a documentation update, which was very easy. 

V800006A, 13 months, REJ 
This CR was not necessary or important. It was a field problem. It started as a low priority CR, but 
eventually the priority became higher because it was not closed for so long. Another CR on the same 
part could cover this change, so it did. 

V800776A, 9 months, ISS 
This wildfire part failed, but no field problems on longbow had occurred (it was a common longbow­
part). It was the El part (European Integrated: originally a Fuji Xerox part is purchased in Europe now) 
that failed, so initially it was decided to purchase the FX part again. After monitoring it for a long time, 
it occurred that the FX part also failed. To change a FX part takes a very long time, so a different 
solution was necessary. An extra part was added to keep two clips together. The clips did not stay 
together in Wildfire. They did in Longbow, but Wildfire speed is higher than L-bow, which was the 
cause of the problem. 

V800867 A, 7 months, ISS 
This CR was about an agreement between electrical and safety (two sub-systems) about the EME 
specifications. The vendor was waiting for a letter telling that the part was all right, but electrical could 
not give the results because the whole machine was out of EME specification (Electro Magnetic 
Emission). Safety, however, had accepted the part. When it was clear that this part could not wait until 
the whole machine would be conform to spec, the letter was written and the CR issued. 

V800773A, 8 months, ISS 
This CR was about the identification of two parts that were very similar, a Longbow part and a 
Wildfire part. This problem was detected in a very early stage, while the motor was not even completely 
designed. Fit and Function were not affected. The possibility of mixing the parts existed. The vendor of 
the motor was Japanese. The request had to be faxed to Japan and translated there. The vendor had to 
think about it and agree with the solution, translate the agreement and fax it back. This whole 
communication took a lot of time. The change would not affect the launch-date, so the CR was not 
considered as very important. 
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V800421A, 7 months, ISS 
Wildfire uses a new fuser. To load this fuser, the frame had to be changed. This was however a common 
Longbow frame. Changing the frame would cause remanufacturing problems. As a temporary fix, Sff 
parts were used to get the line going, so a unique frame was created (optics frame). To change the frame 
for H/f, a lot of CSI impacts had to be taken into account. These impacts had to be awaited. Then, 
Longbow was going to use the new fuser as well, so a common frame could be created again. This idea 
was canceled later on because problems were to be expected doing so. Longbow kept its own fuser and 
a common frame was no longer possible. 

V8001051A, 8 months, ISS 
This CR was a costdown matter. At that time, cost.down was not important, only Time To Market. For 
almost 6 months, it had low priority. A new material could be used, which was cheaper but also less 
finn. After testing, it appeared that the part was bended, but that it functioned all right. Because of this, 
a CRL V was raised, though it was a critical dimension. The CR and CRL V were almost mixed up. 
After getting things straight, the change was issued. 

V800110A, 7 months, REJ (solved) 
This CR was a costdown matter. For Longbow, there are three different sets of labels. One for the 
system, one for the output and one for the DADF (Duplex Automatic Document Feeder). For the 
output, there were also different labels. The suggestion on this CR was to combine these output labels 
into one label for Wildfire . However, it was decided to combine all labels into one sheet, so the CR for 
this covered the above mentioned one. 

V800930, 11 months, ISS 
This CR was about the mixing of Longbow and Wildfire parts. A pulley for Wildfire was a little larger. 
This could not be seen while assembling the machine, so a color change was proposed to make a clear 
distinction between the parts. At the time the CR was raised, it was not considered as very important 
because it would not delay the PDP if the problem was not immediately worked on. After a while, the 
CR just got on top of the list and was worked on. The change itself was very easy, just changing the 
color of the material. 

V801134, 9 months, REJ (covered) 
This was a complicated problem, because a lot of parts were involved, including FX parts. Because FX 
parts are not controlled here, a solution had to be found that only affected non-FX parts. This took a 
long time, about 6 months. Before that, the change was not considered very important. 

CRLV's checked: 

V801097, >10 weeks, LOT 
This CR was from a Japanese vendor. It was not very clear what the request was exactly. Additional 
information had to be asked for. This took a few weeks. 

V801486, >10 weeks, LOT 
The same story can be told for this one. The vendor had to be contacted for additional information to 
clarify the request. 
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APPENDIX 6. SUB-SYSTEM NUMBERS AND NAMES 

The following Sub-System numbers and names are used within Rank Xerox. They are only mentioned, 
not further explained. 

00 Systems 
01 Final Line 
04 Documentation 
10 Optics 
13 ROS 
20 Platen 
02 Kits / Labels 
22 DADF 
23 ROH 
24 DADF 
30 Drives 
31 Frames 
32 Covers 
33 NOHAD (Noise, Ozon, Heat, Air and Dirt) 
40 Developer 
41 Transfer Strip 
42 Cleaning 
43 Fuser 
44 Charge / Erase 
45 Photoreceptor 
46 Process Control 
47 Print Cartridge 
49 Colour Developer 
50 Paper Feed 
51 MSI 
52 Duplex Feeder 
53 Pre Transfer Paper Handling 
54 Post Fuser 
55 Decurler 
57 Paper Supplies 
58 HCF 
60 Catch Tray 
61 Sorter 20 BIN 
62 Sorter I Stapler or Finisher 
69 POD 
70 Software 
71 Power Distribution 
72 Control Systems 
73 Power Systems 
74 MN Regulatory Compliance 
75 Console 
81 RIC 
90 System Test 
95 Timing Diagrams 
97 IDHF 
98 Programme Actions 
99 Mechanical Integration 
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APPENDIX 7. CHANGE TYPE CODES 

The following Change Types are used in ECO: 

A 
ADMIN 
B 
CD 
coo 
CSMS 
D 
DPHM 
E 
EMC 
EME 
FCD 
FX 
HARN 
I 
K 
M 
N 
0 
OFFS 
p 
PWBA 
QUAL 
REL 
s 
SAFE 
SPARES 
VEND 
z 

Assy Drawing Change / Assy Drawing Issue 
Admin only - Config Structure Changes 
Build 
Costdown 
Cost Of Ownership 
Customer Satisfaction Monitoring System 
Drawing Correction 
Defects Per Hundred Machines 
Software 
Electro-Magnetic Compliance 
Electro-Magnetic Emissions 
Further Cost Down 
Fuji Xerox Generated 
Harnesses 
Interference 
Kits Labels & Packaging 
Manufacturing 
Noise 
Other - Explain in Problem Statement 
Off-Standard Costs 
Performance 
Printed Wiring Board Assemblies 
Quality 
Reliability 
Service 
Safety 
Spares 
Vendor Request (including CS[) 
Initial Issue / Initial Release 
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APPENDIX 9. MANUFACTURING DRAWING CHECKLIST 

Manufacturing Engineering Drawing issue checklist 

Ref: CRNR Part no 

Has this change impact.on 

• Assy tooling y N 

• Standard time y N 

• FMEA y N 

• Fit and function y N 

• Remanufacturing y N 

• Configuration impact y N 

In case this has impact please explain and quantify 

. . 

. . 

Considering the above the change is Acceptable I Re1ect I Accept with change 

Name : Signature : date : --

F J 18/3/96 issue 1 
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APPENDIX 10. EXPLANATION CHANGED PARTS 

This appendix will tell a brief story behind the changes of the jive parts mentioned in the report. The 
partnumbers are not given, but the names and Sub-Systems are. 

Cover inlet (fuser) 
This part is changed four times. No change could have been avoided by earlier or better Manufacturing 
involvement. 
The starwheels of the cover inlet were touching the paper before it went into the fuser where the toner is 
fused on the paper by means of heat and pressure. To make sure the paper goes into the fuser and does 
not get stuck, the starwheels guide the paper if necessary. It appeared that the starwheels were heated by 
the fuser, and already fused the toner a little before actually entering the fuser. This resulted in black 
streaks. Isolation between the fuser and the starwheels had to solve this problem. Afterwards, it 
appeared that the paper was always touching the starwheels, while this was not intended. The position 
of the starwheels was changed and the cover inlet was functioning correctly. 
As not everything can be seen in advance, parts have to be made and tried out in the machine. To 
discover these problems, four changes were necessary in this case. 

Lever A (fuser) 
This part is changed five times. Two of them could have been avoided by better or earlier 
manufacturing involvement. 
The lever A is a metal part that pushes the paper to the fuser. This pressure has to be just right, as it is 
an important element of the fusing process. As the part is assembled in a frame, the part had to be 
changed together with the frame, until everything was dimensioned right. This could not have been 
avoided. As the lever was assembled against the frame, it could not move freely. It had to be bended 
(change) to reduce the contact area with the frame. Later, a coating was applied to reduce the friction 
even further. This had consequences for the tolerance of the hole through which the lever A was 
assembled to the frame by a screw. Therefore, the tolerance had to change, which could have been 
avoided as well by doing those changes together, in one time. 

Harness DT4 (Power distribution) 
This part is changed five times, of which one time could have been avoided. 
The part holds together wires in the copier. As it is not known in the beginning of the design where 
exactly the wires are placed in the copier, the harness is changed a couple of times. As it did not fit 
eventually, it was lengthened to fit. This was done twice, while it could have been done in one time. 

Filter box (NORAD) 
This part is changed three times, of which none is avoidable. 
The filter box filters the air of a copier. It was used in the Longbow and later in Wildfire . It could, 
however, not be assembled the same way for both machines. As both machines were build at the same 
time, two intermediate solutions had to be issued. After the third change, the part could be assembled on 
two different machines in the same way. 

Liniair Cam (Duplex tray) 
This part is changed two times for the wildfire programme. None of them could have been avoided. 
The liniair cam is a device that is assembled in the duplex tray to keep the paper in place. To realize a 
costdown, a cheaper material was chosen. This material was, however, not firm enough and bendings of 
the part were found. Another material had to be issued, which was cheaper than the first one, but 
stronger than the second material. 

Cover assy 2 (Covers) 
This part is changed four times. As the changes concerned mainly colors and logos, no changes could 
have been avoided by Manufacturing. 

Continuous Manufacturing Involvement 77 



Cover assy fr (Covers) 
This part is changed two times. The reasons are the same as for the cover described above. No changes 
could have been avoided by Manufacturing. 

Cover tray 3 (Covers) 
This part is changed 4 times. For this, the same story can be related as for the Cover assy 2. 

Key Cap assy (Covers) 
This part is changed three times. The Key cap assy is a part which consists of the buttons of the control 
panel of the copier, which are all connected. This part has to fit in the cover of the control panel. It is 
not sure if one change concerned the fit of these two parts, in which could have been avoided by 
Manufacturing involvement. At the time this report was written, it was not possible to investigate this. 
To be on the safe side concerning the collected data, all changes are considered as unavoidable. 

Bracket encoder (Developer) 
This part is changed five times. The part determines the timing and speed of the motor of the developer. 
If the motor or speed changes, this part has to change as well. No changes could have been avoided by 
Manufacturing, as all changes were necessary to design the motor. 

Dev motor assy (Developer) 
This part is changed two times, for the same reasons as the Bracket encoder above. No changes could 
have been avoided by Manufacturing. 

Motor Main (Drives) 
This part is changed two times, because of costdown and EME specifications. No changes could have 
been avoided by Manufacturing. 
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APPENDIX 11. WILDFIRE CR RAISE DA TE 

Wll«lre CR'1 by clan and raise dale - all situ 

160 

140 

120 

k 100 

u 
'Ii IO 
.x • . 60 z: 

40 

20 

0 

Ralu thle CR 

Figure Al 1_1_ Wildfire CR 's from all sites, classified and sorted by raise date 
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Figure Al 1. 2. Wildfire CR 's from Venray, classified and sorted by raise date 
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APPENDIX 12. WILDFIRE CR THROUGHPUT-TIME 

Figure Al 2.1. Throughput-time Wildfire CR 's, all sites -- private data --­

Figure Al 2.2. Throughput-time Wildfire CR 's, Venray raised --- private data --
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APPENDIX 13. WILDFIRE CR STATUS-OVERVIEW 

The status's used in this table are explained in chapter 6 and can be found in the glossary. Solved CR's 
are rejected, but the problem they were raised for is solved in an other way. 

Table Al3. l. Wildfire CR status . rivate data --
·•~ Ji/}lf{IJJ}f{l lt.aM••::••• :•aiit == .... ,-,""-=- •:e~··a~o'.:-':I~l i~A~~:':'::-:~•f ~::um~=:=== ~/trn::tO~i'."'~dJT.'l• ••n~_:::· �=�~�~�~�~� 
Initial 
Revision 
QC-improvement -
Documentation 
Total: 

Table Al3 .2. Wildfire CR rejects - all sites - ,rivate data ---
•JlJU.Mtitt•tt••·••ttM@t •:m.aw;m 11 =•BFJII• iSilEJI ··~ ·••.:::r ]1b&.lia.u.t••t•• ·•RB.ltta•It 
Initial 
Revision 
QC-improvement -
Documentation 
Total: 

The columns 'REJ, Solved, Covered and Duplicate are all CR's with status Reject. As can be seen, not 
all of these CR's are really rejected, only the 'REJ' ones. The others are covered by other CR's, or the 
problem is solved otherwise. A few CR's are rejected because they were a duplicate of another CR. 

Table Al3.3. Wildfire CR status enerated --- rivate data ---
••lliii i\J]J]JJ•t•JtW ••mam:m:1 =:tii.M ~ -===·=·==r::=::am=,:: ·==:====:=::::=n,~:.:·=Q.C=·:==:==::"""'1 ••=aa==:: ::.=:::1"""'mtffi=·::=a== A~'-""'-""'-"='-""'-""'-"~~==••~tt• 
Initial 
Revision 
QC-improvement -
Documentation 
Total: 

Table Al3.4. Wildfire CR rejects - Venray generated -- private data ---

:•¢.iia.ilftI'.••·········••I•••=tfilII ,tt.ifiU~•m _:mtt .• $.6.fiiU[ ::c.&ii.iUl . {Q~fii tI• ••B.lftiif II 
Initial 
Revision 
QC-improvement -
Documentation 
Total: 
These tables show that less than half of the rejected CR's are really rejected. 
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APPENDIX 14. MEASURING CRLV PERFORMANCE 

For CRLV's, all numbers occurring in the performance model, like number raised (l), outstanding (6) 
and implemented/rejected (9), can be given. 
The classes stated earlier (2) are not applicable to CRL V's. They will be divided in two classes, namely 
initial design and other CRL V's. 
As CRLV's are quite specific and less complex, the completeness of information (3) is important, but 
less problematic. 
For the costs of analyzing a CRLV (4), I refer to what is explained concerning CR costs. The same 
story is applicable for CRLV's. 
The throughput-time (5) can be measured by investigating the information from ECO. 
Validation (7) is not applicable, as a CRL V is an allowance to deliver parts that are not produced 
conforming to drawings. A CRL V would therefore only be invalid if it is accepted while the parts are 
correct, In that case, no CRL V is raised. 
For the effectiveness (8) of a CRL V, the same can be said. 
The design stability is not applicable for CRL V's as no parts are changed by this document. 

The parameters measured for CRLV's are summarized in table 7.4. Where parameters are not 
available, the method to achieve this information is mentioned. If this is not investigated further, it is 
placed between brackets. 

Table Al4 . l. Measuring CRLV performance 

I. Number ofCRLV's raised 
2. Classes 
3. Completeness of information 
4. Cost 
5. Throughput-time 
6. Number of CRL V's outstanding 
7. Validation 
8. Effectiveness 
9. Number of CRL V's implemented/rejected 
10. Desism Stability 

Continuous Manufacturing Involvement 

I. Number raised (ECO) 
2. Sorted by date: initial before April 10. 1995 (ECO) 
3. Interviews task leaders Welwyn Garden City 
4. (Cost of analysis and documentation) 
5. Time from raise date to disposition date (ECO) 
6. Number ofundispositioned CRLV's 
7. Not Applicable 
8. Not Applicable 
9. Number with status Accept, Life Of Tool or Reject 
10. Not Aoolicable 
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APPENDIX 15. CRL V PERFORMANCE 

This appendix gives the performance of CRLV's in terms of classification, decisions and throughput­
time. 

Classification and decisions 
The numbers on the Wildfire CRL V's will all be given in table A 15. l . lbis will cover the parameters 
1,2, 6 and 9, respectively the number raised, the classification, the number undispositioned and the final 
decision. 

The information on CRLV's from Venray is satisfactory for treating in Welwyn Garden City. CRLV's 
from suppliers in the far east are more difficult to understand. As there are no problems seen on this 
subject, it is not investigated further. 

Table A 15 .1. Wildfire CRL V status overview --- rivate data ---

All initial 
All other 
RXV initial -
RXV other -
All Total 

For CRLV's as well as for CR's, the rejected ones are not really rejected. Only 55% of the CRLV's 
with status reject is really rejected. The other 45% is covered (25%) or solved (13%) in another way. 
The remaining are duplicate CRL V's. 

Figure Al5 . l will give an overview of the raise dates of the CRLV's. 

Figure Al5.l . Wildfire CRLVraise date -private data---

Most CRLV's are raised after initial design, as could be expected. The graph of raise dates ofVenray 
generated CRL V's is not pictured, as it looks almost the same. 
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Throughput-time CRL V's 
The throughput-time for all Wildfire CRLV's is given in figure Al5 .2. for all sites. Figure Al5 .3 gives 
the throughput-time for Venray generated CRL V's. To be easy to compare, the figures are placed 
directly after each other. 

Figure Al5.2. Throughput-time Wildfire CRLV's, all sites --- private data ---

Figure Al 5. 3. Throughput-time Wildfire CRLV's, Venray generated --- private data ---

These graphs show that CRL V's are treated very fast. Venray generated CRL V's take a little longer, 
but not much. Table Al5.2 will give more detailed information on the throughput-time. 

Table Al5.2. Mean throuszhout-time in weeks for Wildfire CRL V's 

initial -- private data --- -- private data ---
other -- private data -- --- private data ---
Total --- private data --- --- private data ---
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