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Abstract 

 
For a company to be competitive today, one way is to create a natural feedback loop from the 
production department to the design department with information regarding the production 
systems ability to deliver a finished component. The purpose with this feedback loop is to 
create respect for tolerances and to more design for manufacturing and assembly. The studied 
company in this thesis work developed a quality program to reach a spiral of continuous 
improvements to reduce cost of poor quality (CoPQ) and to reach an improved quality level 
(PPM). The object of this work was to test and improve the quality program called The Zero 
Tolerance Program. Delimitations were made when the work was started and ongoing which 
led to that the impact on PPM could not be studied. The connection to CoPQ was difficult to 
obtain and could only be proved theoretically, not practically, due to the short timetable. 
During the short amount of time the right root cause could not be found. The thesis work 
findings came to a number of identified Measurable Success Criteria and requirements which 
must be in place for the further progress of The Zero Tolerance Program.  

 
 
 
Key words:  

Product development process, design for manufacturing, cost of poor quality, tolerances, 
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Glossary 

 
CoPQ Cost of Poor Quality 
DFA Design for assembly 
DFM Design for manufacturing 
DFSS Design for Six Sigma 
DRM Design Research Methodology  
DS Descriptive Study, 
KPI Key performance index 
PDP   Product Development Process 
PPM Parts per Million  
PS Prescriptive Study 
QAM Quality Assurance Matrix. 
RC Research Clarification  
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1 Introduction 

The company of reference, further called the Company, wanted to develop a model to be the 
key to future superior quality levels. The model was supposed to communicate, within the 
whole organization, competence and experience about parts, components and the organizations 
ability to deliver a finished component. The Company called this model The Zero Tolerance 
Program.  

The Zero Tolerance Program, see figure 1, was started in the year 2006. The Program was 
established to create a feedback loop from production department to the design department 
regarding information about the production systems ability to produce according to decided 
technical specifications. This information was supposed to be used in the early phases of the 
Product Development Process (PDP) as a basis to the Decision Process, for example design 
concept decisions, and to be able to design for manufacturing (DFM) and design for assembly 
(DFA).  

When implementing this program the Company stranded and did not complete the 
implementation. The first activities involved in the program were ongoing but they did not 
harmonize with the following activities which could be seen as single islands. This led to sub 
optimizing of the involved activities and lack of an overall view since the connections between 
the activities were missing and no immediate effect could be seen from the total of the 
program. The effect that could be seen was several improvement actions that were initiated in 
the QAM activity. 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1 shows the original of The Zero Tolerance Program 

 from the year 2006. 

 
It is in the Company’s interest to start up and improve the program so it can contribute and 
positively affects the Key Performance Indexes (KPI) Parts per Million (PPM) and Cost of 
Poor Quality (CoPQ). This work of thesis will investigate if the program has the possibility to 
do so. 
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During the work, delimitations were made to ensure that relevant findings were reached and 
that the mission was reasonable within the given time frame. Read more about this in Chapter 
Determine Areas of Relevance and Contribution.  

Identified literature and state of the art are within the areas of management, support and 
structure of working methods and competence which connects the activities in The Zero 
Tolerance Program and enables the program. These three areas are essential to achieve the 
vision of the program, to be The Key to Future Superior Quality Levels. The areas are treated 
in Chapter Frame of Reference. 

 

2 The objective and mission 

The objective and mission of this thesis work was to test The Zero Tolerance Program in the 
Company and to investigate if the result of the program positively affects the Key Performance 
Indexes (KPI) Parts per Million (PPM) and Cost of Poor Quality (CoPQ). The expected result 
was to present an improved concept that would be designed in such a way that it could be 
applied at the Company and other plants within the corporation. Also a model, that visualizes 
which factors will have an impact on the program, should be developed. 

To reach and accomplish the objective and mission a reference model was used to identify 
Measureable Success Criteria that impact CoPQ in a positive way. The Reference Model and 
the Measurable Success Criteria are presented in chapter The Reference Model & The Impact 
Model. This was treated in the first step of the method, Research Clarification. An empirical 
study (follow chosen parts through the program with help of Part teams) was used to test The 
Zero Tolerance program. A second empirical study (a workshop) was used to identify 
improvements of The Zero Tolerance Program and the needed support to make the program 
work and achieve expected results. All empirical studies are presented in the chapters Part 
teams and Workshop and are treated in the second step of the method, Descriptive study-I. The 
method will be described in chapter Methodological approach. 

To be able to meet the objective of this work a set of three questions were formulated and are 
presented below. 

Question 1, (Q1): Which factors will give an impact on the KPI CoPQ?  

To answer this question a reference model was used to identify Measureable Success Criteria 
that impact CoPQ in a positive way. The Reference Model and the Measurable Success Criteria 
are presented in chapter The Reference Model & The Impact Model. The Q1 was treated in the 
first step of the method, Research Clarification, as shown in Figure 2.  

Question 2, (Q2): How can we verify the effect of the activities in The Zero Tolerance 
Program?  

To answer the second question an empirical study (follow chosen parts through the program 
with help of Part teams) was used to test The Zero Tolerance program. The empirical study is 
presented in the chapter Part teams. The Q2 was treated in the second step of the selected 
method, Descriptive study-I, as shown in Figure 2. 

Question 3, (Q3): How should the program be managed to guarantee fulfillment of expected 
results? 
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To answer the third question another empirical study (a workshop) was used to identify 
improvements of The Zero Tolerance Program and the needed support to make the program 
work and achieve expected results. The empirical study is presented in the chapter Workshop. 
The Q3 is also treated in the second step of the method, Descriptive study-I, as shown in Figure 
2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2 shows were in the method the questions at issues will be answered.  

The chapter Methodological Approach describes the four steps in the method.  

 
 

3 Methodological approach 

Selected method of this thesis work is Design Research Methodology (DRM) were the main 
steps are Research Clarification (RC), Descriptive Study-I (DS-I), Prescriptive Study (PS) and 
Descriptive Study II (DS-II). 

3.1 Design Research Methodology 

There are a lot of definitions for the word design. In this report the word design aims at the 
activities that generate and develops a product from a need, idea or new technology to the 
documents needed to realize the product. The purpose with design research is to make design 
more effective and efficiently, to enable the pursuit of design to develop more successful 
products. The definition of design research examines two main parts, which is the development 
of understanding and the development of support. Design research has two purposes:  

• to formulate and validate models and theories of design in all its aspects such as people, 
product, knowledge/methods/tools, organization, etc 

• to develop and validate support based on these models and theories in order to improve 
design performance (including training) and outcome 

DRM is an approach and a set of supporting methods and guidelines to be used as a framework 
for doing design research. The methods within DRM are intended to support a more 
fundamental and thorough research approach.  
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Research Clarification 

Research clarification helps to clarify the current understanding, success factors and overall 
goals of research, develop a research plan and provide a focus for the following phases. 
Deliverables from this part of the methodology are [1]: 

• Reference Model 

• Impact Model 

In this part of the work a review and additional interviews was conducted at the company to get 
an understanding of the research. These gave the conditions for setting the research goal and to 
develop a research plan. For more detailed description of how the initial part of the research 
was conducted and its results, see Chapter Research Clarification. 

Descriptive Study – I 

Descriptive study - I (DS-I) aims at increasing the understanding of the existing situation by, 
using various empirical studies, identify and clarify in detail the factors that contribute to the 
preliminary criteria. These give the areas where the development of support is realistic and the 
effect can with certainty be identified. The word support means for example guidelines, 
methodology, suggestions for reorganization and calculations. Deliverables from this part of 
the methodology are [1]: 

• A thorough understanding of the factors that influence the success factors 

• Identified areas for development of support 

In this part of the work empirical studies was made on the Company by following production 
parts through The Zero Tolerance Program, conducting a workshop and a self-assessment to 
increase understanding of the work and its conditions to be effective. For a more detailed 
description of how the empirical studies were conducted and its results, see Chapter Empirical 
Studies. 

Prescriptive Study 

This part of the thesis work aims at the basis of frame of reference and the results from the 
empirical studies come to the conclusions that contribute and add value, and also to provide 
recommendations to develop and implement support. Deliverables from this part of the 
methodology are [1]: 

• A recommendation to develop and implement support. 

The research analysis, conclusions and recommendations can be found in Chapter Conclusions 
and Recommendations. 

Descriptive Study – II 

The DS-II phase focuses on evaluation and understanding of the impact and effectiveness of 
the support. That means the effect of working methods that have been tested and developed 
during the project. Both the DS-I and DS-II aims to develop understanding of the design of 
products. DS-I aim to understand the design "as-is" and DS-II aims to understand the impact of 
support. [1]  

This part will not be used in this work, which is motivated in the next chapter, but is seen as a 
given next step and will be one of the solutions and recommendations from this work. 
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3.2 Selecting type of Design Research 

Figure 3 shows a list of seven possible types of Design Research, based on whether the state of 
the art requires a comprehensive study or if a review-based study is sufficient. The objective 
and the questions, available time and resources decide which type that will be used. 

 

Research Clarification Descriptive 
Study I 

Prescriptive 
Study 

Descriptive 
Study II 

1. Review-based Comprehensive     

2. Review-based Comprehensive Initial   

3. Review-based Review-based Comprehensive Initial 

4. Review-based Review-based Review-based 
 

Initial/ 
Comprehensive 

Comprehensive 

5. Review-based Comprehensive Comprehensive Initial 

6. Review-based Review-based Comprehensive Comprehensive 

7. Review-based Comprehensive Comprehensive Comprehensive 

Figure 3. Types of design research projects and their main focus (iterations omitted). [1]  
 

A review-based study is only based on a literature review. A comprehensive study includes a 
literature review and also a study in which the results are produced by the researchers. That 
means that the researchers make an empirical study or develops and evaluates support. An 
initial study completes a project and involves the first steps in the designated part of the DRM 
to show the consequences of the results and prepare results to be used by others. For this work 
type 2, Comprehensive study of the Existing Situation, is used, since the factors and criteria can 
be decided (see Chapter The Reference Model and the Impact Model). But a better 
understanding of the current situation is needed to identify the factors that are relevant to 
address in order to improve the current situation. A Comprehensive DS-I is needed if the 
literature review indicates that the understanding: 

• Does not exist: the literature does not contribute with links between factors and selected 
success factors.  

• Insufficient: the literature contribute with links, but with insufficient details; the result 
is not conclusive, convincing or contradictory; the evidence is based on different 
contexts of the research; the evidence is weak due to low number of case involved or 
the practical use of research method. 

• Potentially incorrect: the validity of used methods is questionable. 

When a sufficient understanding has been reached, an Initial Prescriptive Study can be started 
to indicate how understanding can be used to improve The Zero Tolerance Program. This 
involves to determine the factors that, when addressed, is most likely to have a major impact on 
the success, and propose ways to address these factors. 

3.3 The Quality of the Thesis Work 

This work has been conducted using methods such as interviews, a cross-functional Part team, 
workshop and a self-assessment. All methods were based on several sources, people and 
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production parts, which should have given a more valid result than if only a single source was 
used. The Reference Model and the Impact Model presents a theoretical result which was 
supposed to be validated through the part teams. This could not be done since the timetable was 
too short to find the root cause, but the result from the workshop supports the theoretical 
connection made in the Reference Model and in the Impact Model by that several independent 
persons came to the same conclusion as the result in the two models.  

As already mentioned, the timetable for the Part team was too short. This means that the 
evaluations made of the capability index could not in general show any changes. The number 
of specification changes could not be evaluated because the Part team did not reach the activity 
of DFM. The total time for this work was too short to evaluate the number of scrap and 
deviation requests. In other words, this means that no conclusion with statistical basis could be 
made during this amount of time. Still, DRM is a useful method for this thesis work, but the 
time should have been longer to complete this work.  

 

4. Research clarification 

This chapter contains a presentation of the problem area through a review and additional 
interviews at the Company. A Reference Model and an Impact Model were developed to 
ensure the link between The Zero Tolerance Program and the KPI CoPQ. An overall plan was 
developed based on this information.  

4.1 Review at the Company 

This chapter contains the theory of each activity of The Zero Tolerance Program from its 
beginning in the year 2006. The theory is based on the Company's operational management 
manual. 

Engineering: Design & Classification of Tolerances 

The purpose of classifying tolerances is to clarify the key characteristics of a part that is 
important for its function and safety. If the tolerance of a critical characteristic is exceeded, it 
can cause a major safety or functional consequence of the final product. 

Table 1. When classifying, there are three severity classes. These shall be shown in the drawings. 
Customer effect Possible consequences Criticality 

 
Danger 

Lack of personal safety 
Risk of causing an accident which affects the 
safety of users, road-users or maintenance 

personnel 

 
[1] 

 
Failure 

Major breakdown 
Stoppage of vehicle (Immediate repair required) 

 
[2] 

 
Disturbance 

Loss of performance 
No stoppage of vehicle (Repair required but 

may be performed later) 

 
[3] 

 

Benefits from classification of tolerances is that the production and quality resources can be 
directed to the requirements that are most important from a functional point of view and can 
also be used as input for production preparation. Classification should be done for all of the 
parts produced by the Company and be shown in the drawing. The design department is 
responsible for identification, classification and documentation of severity of tolerances which 
is a way of informing downstream in the product development process regarding the possible 
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consequences that can occur if a tolerance is exceeded. For those drawing measurement whose 
severity has been evaluated according to Table 1, the production department and suppliers are 
responsible for that the specified requirements regarding the process capability, quality 
assurance and traceability are followed. According to the Company's own standards, the 
specified tolerances are scrap limits and all the tolerances should be withheld. Reference is 
made to the capability requirement, Cpk, which shall be at least 1.33, unless otherwise is 
specified to continuously be able to withhold tolerances. 

Quality Assurance Matrix 

A Quality Assurance Matrix (QAM) is a tool developed by the Company. The working method 
is that a cross-functional team completes a matrix, prepared for this purpose, and through this 
creates a basis for a control plan. The tool is based on a simplified FMEA model where a part 
and its measurements effect on processes are studied. Each measurement is considered to be a 
potential source of error. QAM is used in the production of new parts and if a new edition of a 
drawing of current part is developed. A prerequisite for the implementation of QAM is that the 
severity is evaluated for critical properties in the drawing. 

The cross-functional team consists of the representatives from design, quality (leads the 
meeting), production and measurement technology, which meets early in the product 
development process in a workshop to discuss possible variations in the design. The selected 
design is communicated to the production department in order to avoid that new production 
methods, for the company, appear in a late stage. The workshop is expected to identify 
improvements in measurements, imperfections in the manufacturing process as well as relevant 
information that might affect the quality of the finished product. The identified improvement 
activities are logged in the QAM-document and are expected to be taken care of by the 
responsible within the set time frame. The representative from the quality department is 
responsible to re-connect the progress of the QAM to the Steering Group. The cross-functional 
team meets again to check that all improvement activities are implemented and decide on the 
progress and consequences of any unsolved activities. 

Quality Control Concept (machining & assembly) 

Preparations for production operations, assembly and measurement is mentioned in the 
Company operational management manual, but is not defined.  

Machine/Process Capability Improvement Program 

At the startup of the implementation of The Zero Tolerance Program, a capability program 
should have been developed. But due to lack of resources this activity was put on hold and not 
completed. There are general instructions within the Company, which also should apply to The 
Zero Tolerance Program. Information from such guidelines is presented below. 

To obtain a reliability of the capability measurement at least 50 units must be used in the 
evaluation, but a size down to 30 units can occur. Each business line decides on their own 
sample size and actions if deviations from the target for Cpk are identified, on the basis of its 
production. Tolerance limits in a drawing determines the tolerance area and all production 
machinery should be set against the control limits (within the tolerance limits) to achieve 
decided Cpk values. The purpose of deciding the process capability rate for manufacturing is to: 

1. Reduce the risk of interruptions and errors in the finished product 

2. Reduce costs by improving process capability, which results in a more stable and 
predictable production outcome 
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It is the classification of critical characteristics that are indicative when resources for capability 
studies are to be prioritized. The requirement is that the current process capability should be 
evaluated where there is a possibility. Unless otherwise is specified, the capability index, Cpk, 
should be at least 1.33. 

The quality department is responsible for the method of working and training regarding 
capability. Each production department is responsible for the application of capability studies. 
In a process capability study the outcome of the whole process is to be examined. By 
performing the study on parts processed for a longer period of time, and all the influencing 
factors are still present, evaluation of the variation and the position of the process outcome is 
made. 

Statistical Tolerance Setting/Feedback of Production Capability 

There is no definition developed by the company for this activity. 

Design for Manufacturing, Design for Assembly & Design for Six Sigma 

Design for Manufacturing (DFM) and Design for Assembly (DFA) are applied on the 
developed concept to ensure the design. Considerations to production are taken early and the 
possibility to choose robust solutions regarding the production outcome exists. Documents 
concerning Design for Six Sigma (DFSS) were not found in the Company's operational 
management manual. 

4.2 Results Interview 

To get a better understanding of the existing situation a review of the Company’s operational 
management manual was accomplished. When specified documents are largely missing the 
Research Clarification was supplemented with interviews to clarify the current situation to 
more easily identify the relevant field and to determine the aim, direction and scope of the 
research. The interviews were conducted with relevant employees from various functions 
within the Company. The results from the interviews are presented below, first for the entire 
program and then each activity separately. The questions asked in the interviews are presented 
in Appendix I. 

The Zero Tolerance Program 

The program aims to provide the conditions to achieve improved quality of production. The 
Company wants to create respect for tolerances and the standards specified on drawings to 
achieve a spiral of continuous improvement in terms of deviations, claims and internal errors. 
Tolerances should be considered as scrap limits (or rework). There was no standardized way of 
working with preparation of measurements, which is now one of the key activities in the 
program. This preparation conducts through a cross-functional work whit in the activity QAM 
were participates with different and several skills together achieve a more holistic approach 
about production parts. Other intentions are that the design department should take a clearer 
responsibility for the function of components and that the production department should be 
more responsible for giving feedback to the design department. Together they will, with a joint 
effort, achieve an improved quality level. The approach of the program is well thought out and 
there is a clear focus throughout the program. Each activity is designed to create conditions for 
the next activity to achieve the final objectives, which are decreased CoPQ and improved 
quality level (PPM). 
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Design and Classification of Tolerances 

Today, tolerance setting is more based on experience, qualifications and standards than in the 
past. For some groups of production parts the work of tolerance setting is more actively. The 
Company's process of product development controls that all measurements in a drawing are 
classified before the production part reaches the activity QAM in the program.  

Quality Assurance Matrix (QAM) 

From a design perspective, QAM results in a discussion which optimizes resources and may 
reformulate the drawing specifications, which becomes equally good but more easily to 
produce. There is not possible to release a new drawing in production if the activity QAM not 
has been made. QAM is included as an activity in the PDP and it prepares for the next two 
activities in the program, Quality Control Concept and Machine/Process Capability 
Improvement Program. Those who have come in contact with QAM within the Company are 
all in favor of this working method. 

Quality Control Concept (machining and assembly) 

The purpose of Quality Control Concept is to secure and control the quality of the production 
process by verifying production parts and assembled components according to the verification 
documents. The intention to standardize these preparations is to simplify and clarify the 
dimensions that are to be measured. The preparations are proposed to consist of three identified 
types of measurement, where QAM settles selection of dimensions, frequency, method of 
measurement and where the measurement will be made, in a measuring room or in the 
machining cell. Measurement preparation is done for the QAM selected dimensions for a 
finished production part and for every operation in its production process. The measuring data 
are saved in statistical monitoring systems which provide an opportunity to control and monitor 
the process capability. 

Machine/Process Capability Improvement Program 

During the interviews, the only references made were to current standards. 

Statistical Tolerance Setting/Feedback of Production Capability 

Statistical tolerance setting is not used today and the aim is to make it possible in the future 
through feedback to the design department regarding which tolerances the production processes 
are able to produce. Possible actions from this feedback could be to modify the design or 
improve and stabilize the production process, for example through procurement of new 
equipment. This activity in The Zero Tolerance Program is not described and methods of work 
are not developed and therefore are not implemented. The amount of deviations according to 
the tolerance limits and the lack of statistics make the statistical tolerance setting impossible in 
current situation. 

Design for Manufacturing (DFM), Design for Assembly (DFA) and Design for Six Sigma 

(DFSS) 

The design department is taking the feedback from production and results from capability 
studies into account when new products are developed. The purpose is to set the right 
tolerances from the beginning, to design for manufacture and assembly, and connect the loop of 
activities in The Zero Tolerance Program. This activity may be a prerequisite for achieving 
robust designs that meet stated requirements and reduces production disturbances. The designer 
focuses to eliminate Class 1 dimensions (see Chapter Review at the Company). The vision of 
DFSS is to be able to simulate tolerance chains in the future to optimize designs. 
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4.3 Summary interviews 

The people interviewed have fairly similar opinion of The Zero Tolerance Program’s overall 
aim and objective and there is great dissention of its content. Few have mentioned the purpose 
and content of the last activities in the program. The feeling is that the program is better known 
in the design department compared to the production department. Concrete and well known 
definition of The Zero Tolerance Program and of each activity is missing. The only concept 
that is known is classification of drawings and QAM. The implementation of the program has 
not progressed beyond QAM. There is a major difference in interpretation and definition about 
the activity Quality Control Concept. The connections between the activities in the program are 
vague for many interviewees and what should be delivered to the next activity is unclear. 

The focus was on classifying and implementing QAM for new and current production parts at 
the same time, leading to an excessive workload. The Zero Tolerance Program needed separate 
recourses if both new and current production parts were treated in parallel with regular work 
and it should have been more clearly and formally decided that the program would be 
implemented. Purpose and objectives of the program was not clear and there was no demand 
for it to be preformed, which led to a low priority within the Company. The activities were 
managed alongside and had no focus in product projects in the PDP process. It must be added 
that the QAM activity generated many actions that would have been taken care of, but it 
became an initially intimidating when no resources were allocated. 

4.4 The Reference Model & The Impact Model 

A description of the existing situation and the desired situation play an important role in the 
DRM and a network of influencing factors is used to describe the situations. Two models 
describe these two relevant situations. The Reference Model represents the current 
understanding as-is of The Zero Tolerance Program. Compared to the Reference Model, the 
Impact Model includes the support and the desired, expected, effects.  

To formulate success factors and criteria for these models is essential to ensure if the results 
will achieve the objectives of this work. The Success Factor is the overall factor that is affected 
by the Key Factor. The Success Criteria relates to the overall objectives and can be broken 
down into Measurable Success Criteria, which are defined as factors that measure the outcome 
of the work. [1] 

The Key Factor was identified to be “Quality of The Zero Tolerance Program”. As seen in the 
model the identified Success Criteria and the Measurable Success Criteria are linked together 
to reach the Success Factor for the program. The links are marked with value of attribute and 
sources. The sources are either assumptions [A] or own investigations [O] and are marked in 
the model. Criteria’s with dashed lines are not in the scope of this work. Following is 
applicable for this work: 

 

Measurable Success Criteria [1] in this work: 

• Number of specification changes 

• Number of scrap 

• Number of deviation request 

• Capability index, Cpk 
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Success Criterion [1] that the work will contribute to is:  

• Decreased CoPQ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. The Reference Model represents the current understanding as-is of The Zero Tolerance Program 

 

 

The desired and expected effect of The Zero Tolerance Program is shown in the Impact Model 
which also includes the Support, which is necessary to make this program work and to reach 
the Success Factor, Profit.  
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Figure 5. The Impact Model, compared to the Reference Model, includes the support and the desired, expected, effects.  

 

Success Factor [1] of this work is: 

• The Zero Tolerance Program will lead to increased profit for the Company. 

Since about half of the links are based on own investigations and experiences it is very likely 
that the program will have the desired effect. The conclusion was that the level of 
understanding was sufficient to be able to develop support for improving the program and the 
thesis work could be started. 
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4.5 Formulating Overall Plan for the Work of Thesis 

The work was designed to investigate if The Zero Tolerance Program can contribute to 
decreased CoPQ level. The mission was to identify potential areas of improvement in the 
program’s activities by following a few parts through the program. Each production part was 
studied in separate cases and chosen through developed criteria which were: 

• parts with a high number of scrap and deviation requests 

• different types of parts 

• recommended part by the organization  

• a part which is assumed to be problem free 

The work followed a designed team to see what difficulties they encountered in order to 
identify problems and conditions for the program. In those activities in the program where the 
working methods were missing or insufficient proposals were presented which the Part team’s 
participants would comply with when they tested the program. 

The effect of the program might be seen through analyzing the empiric results of the Part team 
comparing the Measurable Success Criteria for the chosen parts before and after the study.  

 

5. Determine Areas of Relevance and 

Contribution 

Supported by the result in the first step of the method, Research Clarification, the areas of 
relevance and contribution was determined. To have a chance to manage the thesis work within 
the frame of time, with the interview result taken into account, The Zero Tolerance Program 
was delimited. Assembly and purchase of parts were not taken into account in the thesis work, 
but is suggested as a given next step. This means that the evaluation of PPM level could not be 
made when no components are included in the work. Thus, the focus was solely on the 
production of parts manufactured by the Company. Each activity in The Zero Tolerance 
Program was also delimitated to a minimum, tolerance and capability were the focus to secure 
to pass all the activities within this time. 
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6. Frame of reference 

Literature studies have been conducted and an attempt has been made to identify the state of 
the art. Identified state of the art is within the areas of management, support and structure of 
working methods and competence. These areas connect the activities in The Zero Tolerance 
Program and enable the program. The areas are essential to achieve the vision of the program, 
to be The Key to Future Superior Quality Levels.  

6.1 Management 

To develop new products faster than competitors is strategically important to maintain and 
increase market shares in a turbulent market. A company's overall ability to produce new 
products is dependent on the product development process (PDP) and its specific activities, 
organization, product strategy, corporate culture and climate for innovation and the top 
management commitments to new products. How top management defines the PDP and its role 
in the company, and who its major participants are, appears to explain why the process unfolds 
as it does [3]. [2] 

A study in which technology transfer and human interactions are studied addresses the 
concerns that exist within high tech organizations. These are to not being able to have a high 
rate of product development and in the same time, in addition to their technical competence and 
internal problems which are rooted in human resources, to become more customer focused. The 
study identified three research findings [3]:  

1. Production did not participate and did not contribute in relation to other functions. The 
design department was known as owner of the PDP activities, and had a higher level of 
participation and contribution. 

2. Low participation result in a low level of contribution. High participation result in a 
high level of contribution. It is important that everyone feels ownership and 
responsibility and want to contribute. 

3. A higher level of participation in the cross-functional team will result in focusing on the 
PDP-related tasks.  

While the design department tries to meet future requirements and desires of the customer, the 
production department mainly tries to see to existing customers' best interests. These 
differences in approaches collide and often lead to conflicts regarding existing resources and 
focusing of resources such as people, equipment and time. One of the keys to obtaining high 
quality is when operations managers and designers work closely together in the initial phases of 
product design to ensure that production requirements and process capabilities are 
synchronized [4]. 

Managers’ challenge is to get members of cross-functional team that usually work separately, 
to work together and ensure that the exchange of information adds value and creates a culture 
of mutual interdependence, transparency and to be attentive to others' experiences and 
knowledge. That is why managers play an important role in determines whether teams are 
successful. The manager shall make it clear to employees that they should attend and 
participate in meetings and to have good communicated reasons well in advance if absent [5]. 
Managers should set and monitor key performance objectives for the process [4]. [3] 
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If representatives of the production department are not participating when taking important 
PDP decisions that are cross-functional, production can easily become a side player. When the 
production department, according to the design department, has higher participation in the PDP 
decision it will often result in: 

• designs that are more practical, meaningful and reproducible in the factory, and perhaps 
even more important 

• that the design department is not forced to shoulder all the blame for delays in 
industrialization or production interruptions 

The participation and contribution of the marketing and production departments is increasing 
when the top management [3]: 

• pushes the design department to share the control of the PDP activities 

• designs cross-functional teams to manage PDP decisions and working methods, in order 
to enhance the effectiveness of PDP activities 

With management's commitment to quality as basis, the work with quality development can 
successfully be built. Some important basic elements in this work are: 

• basing decisions on facts 

• working with processes 

• working with continuous quality improvements 

• everyone’s involvement 

It is also important that all these basic elements co-operate. [4] [6] 

Investing in prevention quality work has the following effects, as shown in Figure 7 [7]: 

1. Costs for scrap and errors decrease 

2. Customer satisfaction goes up 

3. The need for control and monitoring costs decrease 

4. Productivity rises 

5. The competitive strength and market share increases 

6. Profit rises 
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Figure 7. Continuous improvements and its consequences [7] 

 

CoPQ can be connected to Total Quality Management (TQM) through internal failure costs, 
such as scrap or reworks which leads to lower productivity [4]. TQM is a management 
philosophy for the entire organization and sets guidelines for providing high quality in goods 
and services [4]. Gurus in the quality field as W. Edwards Deming, Joseph Juran, Philip Crosby 
and Kaoru Ishikawa differed in terms of detail, but all stressed the commitment of staff 
empowerment and teamwork as key components in a serious attempt to improve quality. TQM 
can be summarized in four essential points [8]: 

• high quality is actually cheaper than low quality 

• people want to do well 

• quality problems  are mostly cross-functional 

• top management is ultimately responsible for the quality 

In other words, one of the important elements of TQM is employee involvement [4]. And the 
driving force behind TQM in design and production is a combination of teamwork, education, 
practical training and good communication across all levels throughout the organization. [2] [5] 

Deming’s approach to management is interesting because it is mainly built on human values 
and ideals that should be attractive in today's democratic society. There is a strong correlation 
between processes and several of Deming's 14 points: 

1. Creating a climate for long-term decisions and continuous improvements. 

Short-term profitability requirements and too much focusing on everyday concerns is one of 
the biggest obstacles to success in terms of quality, profitability and long-term survival. If we 
do not invest for the future by developing products and processes we might meet the 
requirements of short-term profitability, but we prepare for big problems in the long run. 

2. Move to the new quality approach 

We can no longer maintain the old approach to quality. We need to think in new ways and 
change from a mentality of "emergency actions" to an approach built on systematic planning, 
prevention and continual improvement of all processes.  
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Continuous improvement is a value that is tremendously important.  

7. Emphasize leadership. 

Deming stressed very strongly the importance of leadership as opposite to monitoring and 
administration of the process final result. Process and the people who work in it is what 
management should focus on. Today, management's main task is to identify the need for 
personal training and development and to support others in their development towards 
becoming good leaders. 

9. Tear down barriers between departments. 

Many of today's quality problems due to lack of communication between different departments 
within the organization and that employees have not identified their internal customers with 
sufficient clarity. When a product is designed so that it satisfies the end-user needs, but is 
impossible to manufacture, we are going towards really big problems. Usually, these problems 
are solved through redesign as they are identified. Such an approach is rarely successful. 
Considerations to the production of the product need to be considered in the early design 
stages. The goal is to work with product development and process development in parallel. 
This is known as Concurrent Engineering or Simultaneous Engineering. Different departments 
often seek to do their best by optimizing their own work. This is rarely optimal from the overall 
point of view of quality or cost. We need to support a holistic approach and a desire to satisfy 
not only the external customer but also the internal customer. 

10. Do not use slogans, take action instead. 

Campaigns and slogans for quality might have some effect in a shorter period. It seems, 
however, that it is easy to fall in the same old rut again. Most quality problems result from 
inabilities in the process and not because the operator does not want to do a good job. For a real 
change to happen we need to attend to the deficiencies in the system and its processes. Juran 
says that about 80% of all quality problems usually depend on the system. Deming said that the 
figure is as high as 94%. 

14. Take actions to get the improvement process started.  

Management must take vigorous actions to encourage and to initiate efforts to break the old 
traditions and ways of thinking. All in senior management positions must, through seminars, 
guidance and training, be convinced that a change is necessary. All must realize the importance 
of the improvement process. A prerequisite for successful work is that all leaders are 
committed to improving the work, all are speaking the same language and that everyone aims 
in the same direction. And then to create an organization that promotes the improvement 
process, an organization in which all concerned feel ownership and motivation for their work 
towards continuous improvement of all processes within the company. [6] 

6.2 Support and Structure of Working Methods 

The Product Development Process (PDP) must be planned to provide the conditions for 
preventive quality assurance. One important technique is to use cross-functional teams to 
facilitate the development of products that are easy to manufacture and assemble. Teams must 
understand the process: its purpose, its performance and the factors that affect it [4]. This helps 
to reduce the time from design stage to the market. [2] 

PDP is similar to a network where processes are tightly connected and includes feedback loops 
and interacting through various levels of the organization. An important method to increase 
stability and improve the quality of a system is to improve the feedback process and make it 
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quicker. The feedback needs to be structured, for example too much information can often lead 
to difficulties in separating what is important, to be able to take decisions on right facts. The 
production department should not only provide information, the function should be fully 
involved in the decision making concerning the PDP. In these cases the production has often 
acted as a catalyst for the product development [2]. [9] 

The key to enable a quality strategy is that top management understands the concept of quality 
management [2]. It is also necessary to work cross-functionally to implement a quality 
program. It is assumed that no single individual has all the knowledge and resources available 
to implement changes through all levels of the company. Such a quality program fosters 
continuous quality improvement and should involve all employees based on their commitment. 
One requirement is that all employees have received the training and support needed to produce 
quality assured production parts. Statistical methods should be used to monitor the quality and 
to identify the problems that the cross-functional team should solve. The purpose of a quality 
program is to obtain knowledge of all processes. [5] 

Finding the right or the optimal structure of a team is always a difficult and challenging task. It 
requires taking into account a number of variables, some of which are ambiguous and difficult 
to assess [10] [8]: 

• What are we going to do and what is our goal? 

• What do we have to do to achieve this goal? 

• Who is responsible for what? 

• How do we make decisions? 

• Who gets to decide? 

• How do we coordinate our efforts? 

• What is most important to the individual members - time, quality or empowerment? 

• What special skills and knowledge do the various members of the team have? 

• What relationship does this group have to other groups and entities? 

• How do we know if we succeed? 

Teams that are efficient and fast work best with simple and straightforward tasks. More 
complex situations can lead to frustration among team members if their orders and directives 
are late or are unsuited for their tasks. The performance of the team is generally linked to how 
good the team members are to achieve balance between the mission and structure of the team. 
A team consists of a small number of individuals whose skills complement each other, all are 
engaged in a common goal broken down into measurable targets and they work in a way that 
they together are responsible for. [8] 

6.3 Competence  

Leadership can be defined as the ability to get people to help reach the goals. Studies show that 
leadership is a dynamic process that is a result of interaction between individuals and different 
situations. The success of leadership is dependent on the specific situation; a good leader in a 
particular situation with certain members might not necessarily be a good leader in other 
situations. This approach suggests that there is feasible to train leaders and especially train of 
leadership behavior that can be adapted to the demands of a specific situation. Each individual 
in a team has a defined task, it is called a role. The definition of the role in the social situation 
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is often based on expectations of the other group members that are placed on the individual. If 
there are different expectations of the role, conflicts may arise. [11] 

It is important that the top management chooses right and an independent leader to drive cross-
functional teams in product development to ensure the quality of work, since the leader treats 
all participants equally and fairly. The independent leader highlights the exchange of 
information between participants, which leads to a shared view of vision and hidden agendas 
have been changed to mutual understanding and respect. This leads to that the result is better 
than the sum of each individual's contribution to the process. The effect of followers, that is co-
operating participants, is an equally critical factor for effective technology transfer as the 
leaders of the cross-functional team. The participants are effective followers if they [3]: 

1. implicitly accept that all PDP participants are mutually dependent on each other 

2. have a sense of belonging and solidarity as they relate to their involvement in PDP 
activities 

3. feel personal participation and contribution in the PDP activities and its results 

4. involved in moving the PDP activities forward 

A good example is Donald V. Fites, chairman of Caterpillar in the 1990s, who spent much time 
in Japan. Fites saw that the combination of cross-functional self going teams that take decisions 
concerning their products and decentralized control was the ultimate source of Japan's business 
competitive advantages. He introduced cross-functional teams in Caterpillar's product 
development process. Each product development team had its own market team, designers and 
production technicians that all worked together to integrate their functional specialties. This 
structural change decreased the product development time by half. [12] 

 

7. Empirical studies 

There are two types of DS-I; review-based and comprehensive study. Comprehensive study 
was chosen since different empirical studies were used to identify the root causes. Selected 
type of empirical study was descriptive and exploratory studies. The descriptive study was 
conducted through the Part team and the exploratory studies through the workshop and the self-
assessment.  

7.1 Part team 

The conclusion of the interviews in Research Clarification gave the idea how The Zero 
Tolerance should be tested. Few production parts and allocated resources were chosen to 
eliminate the risk to get stuck in the second activity, QAM, once more. With the help of the 
cross-functional Part team, six production parts were followed through the program. Criteria 
for selecting the production parts were: 

• parts with a high number of scrap and deviation requests 

• different types of parts 

• recommended part by the organization  

• a part which is assumed to be problem free 
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The part team was composed of designers, quality and production engineers and measurement 
technicians. This study was planned to continue for 11 weeks according to a specified time and 
activity schedule. The result from this empirical study is presented below. 

Result Part team 

The ability to follow 6 production parts through The Zero Tolerance Program’s all activities, 
see Figure 6 in Chapter Determine Areas of Relevance and Contribution, was estimated to be 
realistic. According to the plan it should be enough time to evaluation and analyzing the Part 
team’s result. The result was that 5 of 6 parts reached the fifth activity Feedback. It was 
difficult to get the participants to attend and deliver results on team meetings. This meant that 
the timetable could not be held, despite continual pressure and remindings, and the activities 
carried out over the evaluation period in the time table. This led to that result of Capability 
activity could not be analyzed enough because there were no time left for finding root causes to 
address and follow-up capability indexes to the extent that requires to draw a reliable 
conclusion.  

QAM and Measurement was considered to be critical activities in the program. Number of 
QAM was 6 of 6, however, 5 of 6 QAM were performed late and 2 of 6 were not preformed in 
line with the guiding principles. The same goes for measurement preparation, 6 of 6 were 
completed, still were 5 of 6 completed late and 2 of 6 was not preformed in line with the 
guiding principles. 

Only the Measurable Success Criteria, number of scrap and number of deviation requests were 
analyzed before and after the improvements and were unchanged. The capability index was 
analyzed before the improvement actions, but only for a few dimensions the root cause were 
found, and for these the capability index were obtained. The most common results were that the 
spread (variation) were small enough to meet the demands of capability index, but the positions 
of the outcomes were out of center from the tolerance target. In these cases the improvement 
actions were to achieve a more centered position of the outcomes through optimizing the 
conditions from the previous operations in such a way that it has a centered impact of the 
outcome. This work has not been able to follow up all the capability indexes after the 
improvement, only for a few measurements. These can not, unfortunately, be used as a basis to 
make a reliable conclusion for the success of the program. Number of specification changes 
could not be evaluated because the Part team did not reach the activity of DFM within the 
timetable. 

However, the Part team made some proposal of new way of working and improvements within 
the activities in The Zero Tolerance Program: 

• Classification: There is a need of more specified working method that describes how 
classification would be preformed. The working method must be standardized and be 
described in the operational management manual. 

• QAM: The working method is described in the operational management manual, but 
roles, responsibilities and how and whom starts a QAM must be decided. 

• Quality Control Concept: A method of working needs to be developed and establish. 
Types of measurement and roles must be defined. 

• Capability: A capability program needs to be described and implemented. A proposal 
of a working method was developed, which also includes the activity Feedback.  
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• Feedback: The feedback loop needs to be controlled and there should be a system that 
manage this and are included in the proposal for the working method of capability 
studies.  

• DFM: Production engineers should transform the capability index to requirement 
specifications that the designer has to take into account when designing new products.  

The Part team identified input and output between The Zero Tolerance Program’s activities, 
which was not done in the past. This is presented in Figure 8. At the implementation of the 
program in 2006, a natural start was to begin with the classification in which current production 
parts were treated. The Part team identified that when new product projects is started and new 
parts will be industrialized the program should start to find out how similar parts have 
performed in the past, therefore Capability should be the start activity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 8 shows The Zero Tolerance Program with identified input and output between the activities and also a 

recommendation for a new starting activity regarding new products.   

 

Conclusion Part team 

New working methods have been developed and suggested in those activities where it has been 
missing. These are good enough as a start, but have to be improved to be able to continue 
development of the program. 

It was estimated that the participation must be at least 75% per participant otherwise the 
condition would deteriorate dramatically the ability to reach the goal, to identify the link to 
CoPQ. Unfortunately, 80% of participants’ attendances are less than 75%, which meant that the 
activities and delivery of its outcome was delayed in relation to the time table and took the time 
that was supposed to be used to evaluating and improving of the results. The basic reason for 
the poor attendance has not been identified, despite many attempts to adjust meeting times, talk 
to the participants and their managers about the importance of their participation, and raised the 
issue in the steering group for support. 

After half the time it was obvious that the Part team got stuck in the second activity (QAM), 
which indicated that there was not the lack of resources and the amount of productions parts 
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which were the problem for the program’s implementing progress, which was emphasized in 
the interviews. There must be something else. Further empirical studies were conducted to find 
the root cause of the difficulties to follow the chosen production parts through the program’s 
activities.  

However, there were some good examples during the Part team study. For example, one 
measurement on one part the team managed to do capability studies, before and after a made 
improvement action. The Cpk value turned out to be improved by 0.65 units. This led to that the 
production engineer experienced that he had obtained new knowledge about his manufacturing 
process and praised The Zero Tolerance Program. The production engineer will continue this 
way of working with all production parts he is responsible for.  

7.2 Workshop 

The result from the Part team showed that it was not the lack of resources and the number of 
parts which led to the hold-up of activity QAM, which first appeared during the interviews. 
This led to a changed focus for the work of thesis, from testing and improving the program to 
identify the conditions and support for the program. Next empirical study was a workshop 
where the conditions were identified and working methods were assessed regarding the degree 
of control by using a template for internal audits and process development, see Appendix II. 

Result Workshop 

The result clearly shows that the definition and the working methods in the program is unclear, 
which can be seen in the many different answers that are not synchronized with each other. 
There is no specifying documents or descriptions that indicate what the program's approach 
contains. It is unclear what starts the program, who’s the supplier, and what is delivered (in-
put), who the customer is, what is delivered to the customer (out-put) and what ends the 
program. 

During the workshop, no measurements could be shown being defined for the working 
methods. But proposal was given on what the program should result in if it is implemented in 
its entirety: 

• the life cycle of the products should increase 

• the guarantee cost (<200h) should decrease 

• the number of deviation requests from manufacturing to design should reduce 

• the number of disturbances in manufacturing should reduce 

• the number of scrap should reduce 

• the number of internal returns should reduce 

The last four points would reduce the number of disturbances in manufacturing, which in turn 
should decrease the production cost and then also decrease the product cost. 

Stable test equipment and a stable measuring process is seen by the participants as a 
requirement to ensure the capability index, Cpk. There is an owner of The Zero Tolerance 
program, which is responsible for implementation and management, but is not clearly 
appointed in the organization. The remaining roles that perform or lead activities are not 
defined or specified for the program. Lack of resources, regarding staff and money, is seen as a 
high risk for the further progress of the program. The participants also identified lack of 
motivation as a risk. 
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A number of conditions were identified that should be in place to ensure the program's 
progress, these are: 

• the program must be known, decided and supported in all levels and functions within 
the Company 

• there must be an orderer for the program 

• there must be a demand for the result from activities in the program 

• there must be assigned resources for the program 

• the activities in the program must be standardized 

• there must be an understanding of the program’s purpose and contents 

• education must be provided to all employees concerned 

Conclusion Workshop 

The result clearly shows that the working methods in The Zero Tolerance Program are not fully 
defined. The customer is unknown and it is unclear who owns the program and which roles will 
perform and lead activities. During the workshop, no measurements could be shown being 
defined for the working methods. But a proposal was given (see Results Workshop) on what 
the program should result in if it is implemented in its entirety. The last four proposals for 
measurements (deviation requests, disturbances, scrap and internal returns) from the result of 
the workshop should ultimately generate reduced product cost and thereby increase profits. 
These proposals go hand in hand with the Reference Model and the Impact Model (see Chapter 
The Reference Model & The Impact Model). 

Thus, it is unclear what to do, how and why it should be done, when and by whom and for 
whom. The requirements that were identified (see Result Workshop) show that the basic 
conditions to secure the program’s implementation to be successful are missing. Governance of 
The Zero Tolerance program is thus insufficient because the support and its conditions are 
largely lacking. 

7.3 Self-assessment 

To complement the results from the Part team, the participants responded to a self-assessment 
to evaluate their own achievement and to capture the participants’ suggestions for 
improvements for The Zero Tolerance Program. The self-assessment consisted of a number of 
statements for respective activity in the program and for the whole program. The responses 
were marked on a seven-point scale for agreement, from "Disagree" to "Agree completely", see 
Appendix III. 

Result Self-assessment 

The statements for the activity Classification had a high average, 6 (5.8) units, and the gap 
between the highest and lowest response was about 3 (2.9) units. Comments made regarding 
this activity is that it works well, but clearer decisions can improve the activity. The response 
rate an average of 6.3 persons out of 10 possible. 

The statements for the activity QAM had an average of 5 (5.1) units, and the gap between the 
highest and lowest response was large, about 4 (3.6) units. Many comments were stated for this 
activity, which were that there must be a clear owner and leader (that drives the activity), and 
someone who follows up all QAM activities. The purpose of QAM must be explained before 
each workshop. The response rate had an average of 9.7 persons out of 10 possible. 
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The statements for the activity measurement preparation and measuring had an average of 5 
(5.1) units, and the gap between the highest and lowest response was around 2 (1.9) units. 
Comments made regarding this activity was that responsible for driving the measurement 
preparation was clear, but it is unclear regarding measuring. The response rate had an average 
of 4.3 persons out of 10 possible. 

The statements for the activity Capability had an average of 4 (3.9) units, and the gap between 
the highest and lowest response was large, about 5 (4.9) units. Comments made regarding this 
activity was that it is unclear how capability should be managed, that there is a need for 
monitoring capability and that we are not working enough with this today. The response rate 
had an average of 6.0 persons out of 10 possible. 

The statements for the activity Feedback had an average of 4 (4.2) units, and the gap between 
the highest and lowest response was large, about 4 (4.1) units. A comment about this activity is 
to integrate feedback in the general demands from production. That is: define requirements that 
are easy to understand and follow. The response rate had an average of 5.1 persons out of 10 
possible. 

The statements for the activity DFM had an average of 4 (3.8) units, and the gap between the 
highest and lowest response was low, 1 (0.7) units. Comments made regarding this activity was 
that it is unclear how DFM should be managed. An improvement for this activity was 
proposed; the requirements from production should be integrated into the work of design and 
how it should be carried out needs to be documented. The response rate had an average of 1.6 
people out of 10 possible. 

The statements for the entire program had an average of 4 (3.7) units, and the gap between the 
highest and lowest response was large, about 4 (3.6) units. Comments made about the program 
in its total are that the working methods generally need to be developed and be based on the 
work and result of the Part team. Information about the program and that it is valid must be 
improved. The response rate had an average of 7.6 persons out of 10 possible. 

The statements about the participants' own contribution had an average of 5 (4.7) units, and the 
gap between the highest and lowest response was large, about 4 (3.9) units. No specific 
comments were given about the participants' own effort and performance. The response rate 
had an average of 5.7 persons out of 10 possible. 

Conclusion Self-assessment 

It is difficult to draw any conclusions from the results of the self-assessment since the response 
rates vary a lot, from a response rate of 1.6 people (DFM) of 10 possible to a response rate of 
9.7 (QAM). This is due to that not all participants have been involved in all activities and can 
not or will not judge something they have not participated in. This can be considered to be 
okay. 

However, it can not be considered okay that the response rate for the entire program is so low, 
7.6 people out of 10 responded where the response rate should have been 100%. Both the 
average and the gap for the entire the program were 4 units. This indicates that the participants 
did not agree with each other and that the spread of responses is large which results in an 
average in the middle. For the evaluation of their own contribution, the average was high in 
comparison with the participants' attendance at the team meetings. High presence is not always 
equate with high effort, but it is difficult to contribute to a team if team members have a very 
low attendance. The conclusion drawn out of this is that the roles in the group are unclear, the 
participants have not understood their role to 100% and as shown the presence has been very 
low overall. 
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8. Analysis 

The chapter consists of an analysis of the results which is connected to the Frame of Reference. 
The review of the operational management manual and the additional interviews revealed a 
high degree of fragmentation regarding the content of The Zero Tolerance Program and also 
that the definition of the entire program is missing. It appeared that the program at the first 
attempt stranded in the activity QAM due to lack of resources and that the number of parts was 
too large. The program was delimited in several stages, by removing purchased parts and 
assembly to only focus on parts manufactured by the Company and their drawing dimensions. 
The focus through the value adding activities within the program were identified as tolerances 
and capability. The program was tested with as few parts as possible, but still ensuring the 
academic relevance, and with dedicated resources, so-called Part Team, in order to not risk 
being stranded at the same place again. 5 of 6 parts came around to the activity of feedback, 
where the work stopped because of lack of time. Since the work only followed current parts (no 
new products) and the time frame could not contain drawing changes, the Part team did not 
have the time for the activity DFM. Instead, it was discussed with the designers in a separate 
meeting about what this activity should be filled with, i.e. which working method and support 
is needed to design for manufacturing. The experience was that it was very difficult to get the 
participants to attend in the team meetings every week despite the fact that each manager gave 
access to 10% of their time per week. It is, as mentioned earlier in the frame of reference, the 
manager's responsibility that the employees function in their work and in the cross-functional 
team that they should participate in. The participants' motivation was low and it was difficult to 
get them to deliver results at the team meetings. Because of this, the timetable could not be 
held and the connection, through the Cpk values, to CoPQ could not be obtained in time. This 
result indicates, as the interviews showed, that there was not the lack of resources or the 
number of parts that caused the last stranding, but something else. To find the root cause of the 
problem the work of thesis changed focus and expanded with another empirical study designed 
to identify conditions and requirements needed to make the program function. Results of the 
workshop showed clearly that the basic conditions such as working methods and roles (owner, 
leader, who does what), and the orderer and the customer were missing. The basic conditions 
that were identified (see Result Workshop) must be in place if the program will successful. One 
of the key points of TQM philosophy is that people want to do well. But this is impossible if 
the basic conditions are missing and can therefore be seen as the employee is unmotivated. 
Participants in the Part team had to perform a self-assessment after completion of work in the 
Part team in order to evaluate their own effort and performance. It is very difficult to draw any 
direct conclusion from the results when the response rates vary a lot and are very low where it 
should have been 100%. The conclusion that actually can be drawn out of this is that the 
participants did not agree with each other and that the spread of responses is large, which 
means that participants do not understand their role in the Part team despite explanations and 
support. The Part Team's performance is linked to the balance between the role and structure of 
the team. To find the optimal structure of a team is difficult, since it requires taking into 
account the many variables of situation, which are presented in chapter Support and Structure 
of working methods. Likewise, the management is of great importance to the success of cross-
functional teams. Management needs to clearly decide what the organization should focus on 
and why, to show commitment and ask for results to show that this is important, and appoint an 
independent leader for the team. It is also important that the managers make sure that the 
employee understands its role and purpose of tasks within the team. The individual employee 
also has a responsibility to uphold its part of the task and be cooperative. If management 
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succeeds in motivating the employees, the benefits of cross-functional teams are many, since it 
can not be assumed that a single person has all knowledge to implement cross-functional 
improvements. Among other things, where the design and production departments have equal 
participation in product development events it leads to that the products are easier to 
manufacture and assemble and that the barriers between departments is being tear down. In 
those cross-functional teams who successfully synchronizes the capability index with the 
product requirements, chances are big that the product will be successful, which then benefit 
the Company and its customers.  

No improvements were seen in the Measurable Success Criteria which means that the 
improvement actions did not take care of root causes. The conclusion is that there was not 
enough time to identify the root cause of the problems within the thesis work. A more 
thoroughly work to find out the root causes for each part, and efforts to truly understand the 
manufacturing processes is proposed for further improving work. 

 

9. Solution 

The concept of The Zero Tolerance Program can be the key to superior quality levels because 
of the theoretical connection of the activities to the contribution to reduce CoPQ, but 
unfortunately have not been proven in practice due to the timetable. Proposed solution is to 
continue this study, but with the right conditions and requirements in place. Conditions and 
requirements aims at, in addition to those identified during the workshop, see Chapter 
Performance Workshop, that to a minimum the activity QAM should be standardized and that a 
program for Quality Control Concept and Capability should be in place with dedicated and 
defined roles. This will require actions in the form of governance, support and resources to 
make this succeed. The program represents a long-term work and should be part of the 
Company's comprehensive quality efforts with Built in Quality, and is not a quick fix. 

 

10. Conclusions and recommendations 

Selected type of research method of Design Research Methodology (DRM) is type two (see 
chapter Comprehensive Study of the Existing Situation). This means that only a 
recommendation to develop and implement the support will be provided. The chapter consists 
of suggestions for conclusions and recommendations of further work which is connected to the 
analysis of the results and the Frame of Reference.  

10.1 Conclusions 

Investing in prevention quality work offers many competitive advantages, which The Zero 
Tolerance Program can contribute to. The Impact Model, Figure 5, clearly shows the link to 
CoPQ and can be compared with Figure 7, Continuous improvements and its consequences, in 
the Frame of Reference. Both figures show that the reduction of CoPQ in turn results in lower 
production and product cost, and ultimately is a profit to the Company. The work theoretically 
shows that the activities within The Zero Tolerance Program may be worth investing in if the 
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identified conditions and requirements are in place. Important elements in TQM, which also 
were identified during the workshop, are communication, teamwork, education and training. 
The Zero Tolerance Program is a long-term preventive quality work, no “emergency action 
work”, and creates an organization that promotes improvements. Statistical methods and 
quality tools should be used to monitor quality and to identify problems that the cross-
functional teams can solve. 

Question 1: Which factors will give an impact on the KPI CoPQ?  

To answer this question a Reference Model was used to identify Measureable Success Criteria 
that impact CoPQ in a positive way. The identified criteria and the answer for this question are:  

• Number of specification changes 

• Number of scrap 

• Number of deviation request 

• Improved capability indexes 

The Reference Model and the Measurable Success Criteria are presented in chapter The 
Reference Model & The Impact Model. The Reference Model can be compared to Figure 7, 
Continuous improvements and its consequences, were The Zero Tolerance Program can be 
seen as internal improvements and what we gain on the program is shown in the external 
improvements. The result from the workshop support this result, see chapter Result Workshop.  

Question 2: How can we verify the effect of the activities in the Zero Tolerance Program?  

To answer the second question an empirical study (follow chosen parts through the program 
with help of Part teams) was used to test The Zero Tolerance program. The Measureable 
Success Criteria from the first question would be analyzed before and after an improvement 
was accomplished. Only the Measurable Success Criteria, number of scrap and number of 
deviation requests were analyzed before and after the improvements and were unchanged. The 
capability index was analyzed before the improvement actions, but only for a few dimensions 
the root cause were found, and for these the capability index were obtained. Unfortunately, the 
amount of data was too small to use as a basis to reach a reliable result.  The empirical study is 
presented in the chapter Part teams. The amount of time was too short to verify the effect since 
a thoroughly analyze of the root causes couldn’t be done.   

Question 3: How should the program be managed to guarantee fulfillment of expected results? 

To answer the third question another empirical study (a workshop) was used to identify 
improvements of The Zero Tolerance Program and the needed support to make the program 
work and achieve expected results. The result from the workshop (and from the other questions 
above) identified that there is a lack of degree of control for the program and also identified 
needed requirements, which are: 

• the program must be known, decided and supported in all levels and functions within 
the Company 

• there must be an orderer for the program 

• there must be a demand for the result from activities in the program 

• there must be assigned resources for the program 

• the activities in the program must be standardized 

• there must be an understanding of the program’s purpose and contents 
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• education must be provided to all employees concerned 

The conditions and requirements that were identified during the workshop must be in place to 
assure that the activities within The Zero Tolerance Program will be successful and to have an 
effect on the KPI's CoPQ. The Impact Model shows that if these requirements are in place, as 
the support in the model, the Company will obtain advantages and gain profit. 

The objective of this work has been theoretical proved but the time was too short to be able to 
practically prove that The Zero Tolerance Program will impact the CoPQ in a positive way. 

10.2 Further Improving Work 

The first recommendation for further work is to develop the activities Quality Control Concept, 
Statistical Tolerance Setting/Feedback of Production Capability and Design for 
Manufacturing/Design for Assembly/Design for Six Sigma in The Zero Tolerance Program, 
which were delimitated during the work. Design for Assembly takes purchased parts into 
account and that leads to an expansion of the program when focusing on the quality of 
components instead of just single production parts. Since the work only focused on 
manufactured parts by the Company, it is difficult to see the connection to the external PPM, 
but when assembling and purchased parts is included in the program it is more likely that this 
connection can be obtained. It is therefore of biggest interest that the improving work continues 
within these fields to get The Zero Tolerance Program to deliver the vision, to be the "Key to 
Future Superior Quality Levels". 

A second recommendation is to develop The Zero Tolerance Program so that it can be 
integrated as a natural part of the product development process and that the focus should be on 
new components and its parts. The activities in the program should be highlighted in the 
product development process. The program may also provide the benefits a cross-functional 
approach can provide in the product development process, such as shorter product development 
times but also a holistic view. When the improving work has advanced so far, The Zero 
Tolerance Program can be viewed as a pilot for other areas or business units within the 
Company. 
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Appendix I 

Presented below is the questions asked in the introductory interviews in Research Clarification.  

1. What is the definition of The Zero Tolerance Program?  

2. Which activities in The Zero Tolerance Program are described in the operational manual today? 

3. Which connections can you see to the KPI CoPQ?  

4. How do you work with classification of tolerances today?  

5. Are appointed standard used during classification of tolerances?  

6. Do the designers know why they classify tolerances in drawings? Do they connect the work to 

The Zero Tolerance Program? 

7. How do you work with QAM today? 

8. How do you work with preparation of measurements today? 

9. How do you work with statistical tolerance setting today?  
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Appendix II 
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Appendix III 
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