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ABSTRACT 

Continuous technological development and increasing efficiency demands are driving 
products toward becoming more and more complex. For the aerospace industry - where the 
requirements for performance, safety and low environmental impact already are substantial - 
this means that more extensive quality assurance measures must be taken to ensure the 
fulfillment of the requirements of each individual component. 

However, to avoid that the work with quality improvement become too extensive and increase 
the product cost to unbearable levels it is necessary to have methods to prioritize and focus 
improvement efforts on the product features that matters most for fulfilling customer 
requirements. Therefore, the concept of Key Characteristics is used today, both in the aerospace 
and other industries; a term for those characteristics that have a significant impact on 
requirement compliance and whose outcomes at the same time are expected to vary 
considerably in manufacturing. 

The concept itself is similar among those who use it but the purpose of and methodology for 
identifying and managing Key Characteristics vary, even within the same industry. This thesis 
is therefore aimed to create a view of which factors that characterize an effective and efficient 
way for companies in the aerospace industry to work with Key Characteristics. The thesis 
involves a case study to create a framework for how companies within this industry work with 
Key Characteristics, a literature review to see which approaches are advocated by previous 
research and two benchmark studies to see examples of how Key Characteristics are used and 
handled in practice in industry. 

The results show that the work of Key Characteristics should meet three main criteria in order 
to be effective and efficient: 

• it must be clearly focused on the characteristics that have critical impact on customer 
requirements and at the same time considerable variation in production, 

• it should be initiated early in the product development process and then performed 
iteratively during the process of continuously reducing variation problems in 
manufacturing, and 

• it should identify Key Characteristics using both qualitative and quantitative tools to best 
capture all different kinds of requirements on the product. 

Finally a practical example is given of how the work with Key Characteristics should look like 
at GKN Sweden AB, the case study company in the aerospace industry, to effectively minimize 
the costs associated with production variation, and yet satisfy all customer requirements. 
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SAMMANFATTNING 

Ständig teknisk utveckling och allt högre effektivitetskrav driver produkter mot att bli mer 
och mer komplexa. För flygindustrin – där kraven på prestanda, säkerhet och begränsad 
miljöpåverkan redan är höga - innebär det här att allt mer omfattande kvalitetssäkrande 
åtgärder måste vidtas för att garantera kravens uppfyllnad för varje enskild komponent. 

För att undvika att kvalitetsarbetet ska bli för omfattande och göra produktkostnaden 
ohållbart hög krävs det att man har metoder för att prioritera och fokusera förbättringsarbetet 
på det som är viktigast för att kundens krav i slutändan ska uppfyllas. Därför används idag, 
både i flygindustrin och inom andra industrier, konceptet nyckelegenskaper (Key 
Characteristics); en benämning på de produktegenskaper som har en avgörande påverkan på 
kravuppfyllelsen och vars utfall samtidigt förväntas variera avsevärt vid tillverkning.  

Begreppet i sig är liknande bland de som använder det men syftet med användandet och 
arbetssättet för att identifiera och hantera nyckelegenskaper varierar, även inom samma 
bransch. Det här examensarbetet syftar till att skapa en bild av vilka faktorer som 
kännetecknar ett effektivt arbetssätt med nyckelegenskaper för företag inom flygindustrin. 
Examensarbetet innefattar en fallstudie för att skapa ett ramverk för hur företag i branschen 
arbetar med nyckelegenskaper, en litteraturstudie för att se vilka arbetssätt som förespråkas 
av forskningen och två benchmarking-studier för att se exempel på hur arbetssätten används 
i praktiken i industrin. 

Resultatet visar att arbetet med nyckelegenskaper huvudsakligen bör uppfylla tre 
grundkriterier för att vara effektivt: 

• det ska vara tydligt fokuserat mot de egenskaper som har kritisk påverkan på kundkrav 
och avsevärd variation i tillverkningen, 

• det ska initieras tidigt i produktutvecklingsprocessen och sedan utföras iterativt under 
processens gång för att kontinuerligt arbeta bort variationsproblem i tillverkningen, och 

• det ska identifiera nyckelegenskaper med hjälp av både kvalitativa och kvantitativa 
verktyg för att på bästa sätt fånga upp alla typer av krav som ställs på produkten. 

Slutligen presenteras ett praktiskt och övergripande exempel på hur arbetssättet med 
nyckelegenskaper bör se ut i fallstudieföretaget inom flygindustrin för att effektivt minimera 
kostnader associerade med variation i tillverkningen och samtidigt uppfylla alla kundkrav. 
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DEFINITIONS AND ABBREVIATIONS 

EXPRESSION MEANING/EXPLANATION USED IN THIS STUDY 

AS9103 An aerospace industry standard included in the AS9100-series of 
standards, issued by the International Aerospace Quality Group 

CI Critical item 

Classification Categorizing characteristics into different classes according to 
their impact on customer requirements 

CSR Critical system requirement 

Definition The term used for drawings at GKN 

D-FMEA Design FMEA 

FMEA Failure mode and effect analysis 

FMECA Failure mode, effect and criticality analysis 

GKN GKN Aerospace Sweden AB 

KC Key characteristic 

OMS Operational management system - a centralized management 
system for all company processes at GKN 

PDP Product development process 

P-FMEA Process FMEA 

Producibility To which extent a product can be produced without difficulty 

Program Expression used synonymous to project at GKN 

Saab Saab Aerostructures 

SC Special characteristic 

SPC Statistical process control 

VCE Volvo Construction Equipment 

VRM Variation risk management 
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1. INTRODUCTION 
In this chapter the studied research problem is presented, discussed and delimited. The chapter begins 

with a background section to provide the reader with an understanding of the context in which the 

research problem exists. Finally the thesis disposition is provided to clarify the logic of the thesis 

structure. 

Quality, defined by Crosby (1979, p. 17) as “conformance to requirements”, is one of the most 
important managerial concepts of today. It is the foundation for improvement efforts in almost 
all types of organizations in order to make sure that the requirements put on the deliverables 
– regardless of if it is physical products or services - are met, and hopefully exceeded (Berman 
and Klefsjö 2007, p. 23). Montgomery (2013, p. 6) further argues that the close relationship 
between customer requirements and the design of a product makes it important to consider 
quality already during product development. 

1.1. Background 
According to Unger and Eppinger (2011, p. 689), the product development process can be 
defined as the procedures and methods used by companies to bring new products to the 
market. Unger and Eppinger furthermore state that there are many different ways of 
conducting product development, based on current literature within the field and case studies 
in actual companies. 

In the end, the choice of method for product development also directly affects the choice of 
product design (Chan, Ip and Zhang 2011, p. 2190). According to Dowlatshahi (1992, p. 1803), 
the choice of product design in turn has an extensive   impact   on   the   product’s   quality  
performance, stating that as much as 80 % of the product quality performance is determined 
in the design stage. Chan et al. (2011, p. 2190) further propose that product design and quality 
assurance are inseparable and that quality assurance in the product development process is 
very important in promoting the right product design for achieving highest possible total 
quality. 

The use of quality practices is also, according to Wiengarten and Pagell (2004, p. 76), affecting 
the environmental impact of a product. They state that resemblances in the practices between 
quality and sustainability management such as waste reduction, life-cycle assessment and 
employee involvement give higher achievements in both management areas. Quality practices 
thus   help   reduce   both   the   product’s   manufacturing   cost   and   environmental   impact   by  
reduction of waste material and need for rework. 

The reduction of waste and use of quality practices is especially important when developing 
products categorized as complex products and systems, defined by Hobday (1998, p. 690) as 
“high   cost,   engineering-intensive   products,   systems,   networks   and   constructs”, due to the high 
economic stakes and engineering-intensity related to these products. Examples of products 
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which Hobday (1998, p. 696) classifies as complex products and systems are products 
manufactured in the aerospace industry, due to the common use of new and uncertain 
technologies in these products. Rebolledo and Nollet (2011, p. 331) confirm this by stating that 
the degree of required precision in manufacturing as well as the complexity of the technologies 
used are high in the aerospace industry. This, together with the joint research initiative Clean 
Sky that aims to drastically reduce the life-cycle environmental impact of aircrafts (Clean Sky, 
2014), puts even higher demands on the products. 

Dostaler (2010, p. 5) points out that because the failure of one single component in an aircraft 
could have catastrophic consequences considerable efforts are needed to produce flawless 
airliners and ensure flight safety. According to Lee, Mikulik, Kelly, Thomson and Degenhardt 
(2009, p. 1477) the influence of process variation is important to consider for achieving this 
flight safety. Variation management is growing more important to fulfill the increasing 
demands for cost and quality awareness present in the aerospace industry caused by the 
gradual transition to a low-cost airline market (Johansson, 2009, p. 35). 

In order to create quality awareness throughout the organization and handle process variation 
many companies in the aerospace industry use key characteristics (KCs) to handle the product 
characteristics that are most important to fulfill customer requirements (Thornton, 2004, p. 35). 
The use of KCs is recommended in the aerospace industry standard AS9103 issued by the 
International Aerospace Quality Group, which defines a KC as 

“an attribute or feature whose variation has a significant influence on product fit, 

performance, service life, or producibility; that requires specific action for the purpose of 

controlling variation.” 

Thornton (2004, p. 35), with an academic perspective, defines KCs as 

“a   quantifiable   feature   of   a   product   or   its   assemblies,   parts   or   processes   whose   expected  

variation from target has an unacceptable impact on the cost, performance, or safety of the 

product” 

Thornton (1999, p. 145) further states that the use of KCs is supposed to be involved in both 
the  product  development  process  and  manufacturing  process  in  order  to  reduce  the  product’s  
sensitivity to variation as a whole and make sure that finished products live up to specified 
requirements.  

1.2. Problem Discussion 
Even though the use of KCs is spread throughout the aerospace industry it has been shown by 
Thornton (2000, p. 131) that many companies within the industry use methodologies for 
identifying and handling KCs that are inefficient compared to the practice proposed by 
academic literature. Thornton further argue that companies in other industries, such as the 
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automotive industry, generally use more proactive practices which creates more robust 
designs and actively reduces the total costs associated with variation in manufacturing. 

Studying some of the standards used in the aerospace industry, both industry common 
standards  such  as  the  AS9103  and  company  specific  standards  such  as  Boeing’s  AQS D1-9000-
1 and Pratt and Whitney’s  PWA  79345,  reveals that all these define and propose a methodology 
for using KCs. These practices are however not consistent and show several important 
differences in definition, purpose and recommended handling of KCs. The inconsistency 
shows that no common view regarding an efficient KC-practice exists within the industry. 

Searching academic databases shows that the academic literature concerning KCs is limited 
today. Thus there is not much research to lean on to find an efficient KC-practice that can be 
commonly used within the aerospace industry. However, by jointly considering the academic 
literature and the specific situation for companies in the aerospace industry, it should be 
possible to find success factors that characterize an efficient KC-practice for a specific case. 

1.3. Aim of the Thesis 
The aim for this master’s  thesis is to identify success factors for how a manufacturing company 
in the aerospace industry efficiently should identify and handle key characteristics during the 
product development process. The practice should be able to support such companies to 
construct products that are well developed from a safety and producibility perspective, and 
also promote robust design. Additionally, the practice should be adaptable to different project 
conditions, and  be  perceived  as  a  natural  part  of  the  user’s  operations. 

The thesis will fulfill its aim by answering the following three research questions: 

RQ1: How does a manufacturing company in the aerospace industry work with identifying 
and handling key characteristics during the product development process? 

RQ2: How can a company efficiently work with identifying and handling key 
characteristics during the product development process? 

RQ3: What differences are there between how a company in the aerospace industry works 
and how a company efficiently could work with key characteristics during the 
product development process? 

1.4. Delimitations 
This thesis is limited to study only the methodology used in the product development process 
and does not intend to create methodology for the manufacturing processes since the focus 
will be on robust design. However, this does not mean that the results from the study will not 
take the manufacturing processes into consideration; the producibility of developed products 
will still be important. 
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The success factors for an efficient KC-practice found in this study might be applicable in other 
industries, but since the entire study will be conducted with the constraints of the aerospace 
industry in mind it can only be guaranteed in this specific case. Therefore, when considering 
the result of the study it is important to be aware of the rather unique properties that 
characterize the products in the aerospace industry - strict safety regulations, high demands 
for reliability and advanced technology.  

This study is limited to concern how a company in the aerospace industry should use KCs in 
the continuous product development processes and will not include issues concerning the 
implementation of chosen recommendations. This is due to the differing use of KCs in different 
companies   today.  A  plan   for   implementation  would  have   to   take  each  separate  company’s  
current use of KCs into consideration and cannot be generalized. 

1.5. Thesis Disposition 
This thesis will provide answers to all of the three research questions and also fulfill the aim 
of the research study. It will include an initial description of the used research methodology 
followed by the chosen theoretical frame of reference, presenting the previous academic 
research that has been found within the chosen subject. In the next chapter the empirical 
findings that have been gathered during the study will be presented, before being compared 
to the theoretical frame of reference in the subsequent analysis. The findings from the analysis 
will provide the basis for the conclusions, which in turn is concretized in the final chapter – 
the recommendations to the studied company. A model of how the chapters relate to the 
research questions and research aim is presented in Figure 1.1. 
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2. METHODOLOGY 
In this chapter the methodological choices in this thesis are described. The chapter aims to clarify to the 

reader how the results of the study have been achieved and analyzed. 

Conducting a research study requires a structured and well-considered approach in order to 
reach reliable and valid conclusions. Therefore the researcher must carefully state the purpose 
of the study, what type of data that should be used, where and how the data should be 
collected and how the data will be used. The researcher must also decide how to analyze the 
data properly in order to fulfill the aim of the research study. 

2.1. Research Purpose 
According to Saunders, Lewis and Thornhill (2012, pp. 170-172) a research study may have 
three different research purposes; explanatory, descriptive or exploratory. Cargan (2007, pp. 
6-7) supports these three but also presents “evaluative” as a fourth alternative. They all agree 
that the research purpose aims to clarify both for the researcher himself and the reader what 
type of knowledge a research study is supposed to generate. 

The explanatory research purpose is used when there are two or more variables that the 
researcher is trying to establish a cause and effect relationship between (Saunders et al., 2012, 
pp. 170-172). Cargan (2007, pp. 6-7) claims that a requirement for the explanatory research is 
that variables are known before the research begins. The end product of an explanatory 
research study should be the ability to predict how one variable reacts in response to changes 
of the other variables. As the aim of this thesis was to find the success factors a KC practice at 
a manufacturing company in the aerospace industry builds upon an exploratory research 
purpose was not an option. There simply were no prior known variables and the aim was not 
to establish a cause and effect relationship. 

This study did not have a descriptive research purpose either. Saunders et al. (2012, pp. 170-
171) state that the purpose of a descriptive study is to gain accurate knowledge about the 
included variables in a phenomenon. Saunders et al. (2012, pp. 170-172) stress the importance 
of the researcher having a clear picture about the studied phenomenon before beginning the 
study, which was not the case in this study. This study aimed to contribute with new 
information to a relatively unexplored research area and hence could not have a clear picture 
about the phenomenon in advance. 

Cargan (2007, pp. 6-7) describes evaluative research as studying an implementation of a policy 
or a particular problem with the objective to evaluate how successful the implementation is in 
achieving its goal. Since this study did not include any such implementation the evaluative 
research purpose could easily be dismissed. 

When conducting an exploratory research the goal is to increase the knowledge about a 
relatively unexplored topic (Saunders et al. 2012, pp. 170-172). Cargan (2007, pp. 6-7) clarifies 
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that in exploratory research the main task involves producing analytical or conceptual 
generalizations that later can be tested and verified. It has already been presented that the 
existing available research material about the studied topic was limited and that the aim of the 
study was to widen it. Hence this research study had an exploratory research purpose. 

It can be argued that the first two research questions of this study had descriptive 
characteristics as they essentially aimed to describe how a manufacturing company in the 
aerospace industry works, and how it potentially could work. However, the overall aim of the 
study was to identify the success factors of a KC practice, which lacks descriptive 
characteristics. 

2.2. Research Approach 
According to Ghauri, Gronhaug and Kristianslund (1995, pp. 8-10) it is possible for a 
researcher to choose between two main approaches when conducting a research study; 
induction and deduction. Saunders et al. (2012, pp. 143-149) confirm these and add abduction 
as a third alternative, which is supported by Dubois and Gadde (2002, pp. 553-560). 
Furthermore, they all agree that the researcher also has to make a decision on whether to adapt 
a quantitative or qualitative approach. Other authors, such as Creswell (2002, p. XXIV) and 
Holme and Solvang (1997, pp. 13-14), support this statement. 

Saunders et al. (2012, pp. 143-149) describe induction, deduction and abduction as three 
different ways to draw conclusions from which theory is developed. Ghauri et al. (1995, pp 8-
10), who also support this opinion, state that induction is used when the researcher draw 
conclusions from empirical evidence while deduction is used when the conclusions are drawn 
from logical reasoning. The deductive approach does not necessarily generate conclusions that 
are true in reality, but they are logical. The third approach, abduction, is described by Saunders 
et al. (2012, pp. 147-148) as a mixture between induction and deduction. In this thesis an 
abductive reasoning was used to develop theory. Existing literature was concurrently studied 
along with empirical studies of a manufacturing company in the aerospace industry. The study 
alternated between theoretical and empirical elements in order to generate knowledge about 
the studied phenomenon from which conclusions were be drawn and new knowledge 
developed. 

The choice whether to adapt a quantitative or qualitative approach concerns what type of data 
that the researcher intends to use (Holme and Solvang 1997, pp. 13-14). Creswell (2002, p. 
XXIV) means that the quantitative approach involves collection, analysis, interpretation and 
writing of especially numerical data. A qualitative approach, on the other hand, involves 
mainly working with non-numerical data (ibid). Observation of events and open-ended 
answers in an interview are typical examples of qualitative data (Saunders et al. 2012, pp. 162-
163).  The  different  approaches  make  different  demands  on  the  researcher’s  ability  to  handle  
data. Considering the studied phenomenon is essential when deciding which approach to 
adapt (Saunders et al. 2012, pp. 162-163). As this study aimed to find the success factors of a 
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KC practice the qualitative approach was a natural choice. The processed data mainly 
consisted of respondents’ opinions and experiences, which were difficult to quantify. Hence 
they were best described through a qualitative research approach. 

2.3. Research Strategy 
In order to achieve the aim of a research study Saunders et al. (2012, p. 173) state the 
importance of choosing a research strategy to follow - a plan of action. The choice is highly 
dependent on the research purpose and the chosen research approaches. For a qualitative 
exploratory research study Saunders et al. (2012, p.163) recommend the following five 
strategies; Action research, Case study research, Ethnography, Grounded theory, and 
Narrative research. In consultation with the supervisors of this study it was decided that case 
study research was the best option for identifying success factors, mainly due to the fact that 
one  organization’s  view of the research subject would be used as a framework. 

Ejvegard (2003, p. 33) states that case study research is a valuable strategy to use when a 
phenomenon is interesting to explore in its own context. Furthermore, Ejvegard states that the 
case study research allows a researcher to study a specific case but still draw general 
conclusions. For example; by using case  study  research  it  is  possible  to  describe  a  composer’s  
entire production through studying a single piece of his music. Due to the obvious risk with 
letting one case represent a whole work a researcher must draw conclusions with caution 
when using case study research (Ejvegard 2003, p. 33). 

For this case study the company GKN Aerospace Sweden AB in Trollhättan (hereafter referred 
to as GKN) was chosen to represent the manufacturing companies in the aerospace industry. 
The company was chosen for the study partly because it is one of the largest aerospace 
companies in Sweden, and partly because it had shown interest in developing its work with 
KCs. The choice of GKN as the case study company was assessed to make valid representation 
for other similar companies in the industry as the aerospace industry is controlled by a 
common standard, AS9103, which forces companies to work in similar ways. 

The second of the three research questions in this study concerned how a company could work 
with KCs. This question had a wider perspective than the first research question, which was 
limited to a manufacturing company in the aerospace industry. The very purpose of adapting 
a wider perspective was to gain inspiration from other companies, and the literature, 
regarding what a KC practice could look like. By comparing the different perspectives, success 
factors of a KC practice could be identified. 

Two companies were selected to contribute with different perspectives to the study; Saab 
Aerostructures in Linköping, and Volvo Construction Equipment in Eskilstuna. Saab 
Aerostructures is a direct supplier to the two aircraft manufacturers Boeing and Airbus, and 
was selected to get valuable within-industry perspective regarding the work with KCs. Volvo 
Construction Equipment is a manufacturer in an entirely different industry who however still 
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uses a KC practice. Volvo Construction Equipment was selected to get a slightly different 
perspective on the work with KCs. 

2.4. Data Collection 
The choice of method for data collection concerns the choice of which data sources to use in 
the study, and whether the study will include the entire population of individuals or be limited 
to a sample. Solvang and Holme (1997, p. 132) mention two major types of data sources: 
primary and secondary data. 

2.4.1. Primary Data 
The academic literature presents a wide range of methods for collecting primary data, but only 
interviews will be used for this cause in this study. 

Interviews 
Several authors such as Yin (2009, p. 106), Creswell (2003, p. 189), and Bell (2006, p. 157-158) 
recommend the interview as data collection method for primary data. Furthermore, Bell (2006, 
pp. 157-158) highlights the flexibility of the interview as the primary benefit, it allows the 
researcher to follow up answers, probe responses, and examine motives and feelings in a way 
that other data collection methods are not able to. However, Bell (2006, p. 158), Yin (2009, pp. 
106-109), and Saunders et al. (2012. pp. 380-384) state that the interview is a very subjective 
collection method, which is why the researcher must work hard to avoid bias.  

Interviews were used to answer all three of the research questions in this study. For the first 
two questions they were used for mapping, and in the third question interviews were used as 
inspiration for the recommendations that the question aimed to find. The choice of using 
interviews as data collection method in answering the first two research questions was 
preferable due to the structure of this study. Detailed knowledge about practices for 
identifying and handling KCs were held by single individuals within the organizations and 
could be fully understood only by asking them. This applied to GKN as well as Saab and VCE. 
Other data collection methods such as archival research (see section 2.4.2) were used as 
complementary data sources to get holistic descriptions of the respective KC practices.  

The type of interview that was used in the study is defined by Saunders et al. (2012, p. 374) as 
a “Semi-structured  interview”. This means that a basic structure of questions was prepared prior 
to the interviews, but not necessarily followed. When interesting topics arose during the 
interviews other spontaneous questions were asked in order to gain deeper insight into the 
subject. Questions were also skipped if they appeared to be irrelevant. 

2.4.2. Secondary Data 
The organizations chosen for the study possessed a wide range of documents and records that 
were used in the research to create a more comprehensive picture of the studied subject. In 
addition, existing literature and academic journals were used. 
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Archival Research 
Ghauri et al. (1995, p. 55) state that a researcher can save considerable amounts of time and 
money by using secondary data. Literature, organizational records and documents, and 
academic journals are a few examples of secondary data sources that Ghauri et al. (1995, p. 55) 
mean might help a researcher to formulate and understand a research problem better, and also 
to enhance the reliability of the information and the conclusions drawn. Saunders et al. (2012, 
pp.178-179) call the approach of using these sources “archival research”. According to Saunders 
et al. (2012, pp. 178-179) archival research inevitably means working with secondary data. 
Ghauri et al. (1995, p. 56) mean that one of the major drawbacks of using secondary data is 
that the data has been collected for another study with different objectives and may not 
completely correspond to the specific subject chosen in this case. 

Archival research was used in answering all the three research questions. GKN has an internal 
system  that  describes  the  company’s  different processes and practices. The system is called 
operational management system (OMS) and was used with complementary purpose while 
answering the first research question: how GKN works with KCs. When answering the second 
research question company standards of the benchmarked companies were used, and also an 
extensive study of literature and academic journals. The third research questions called for the 
use of archival research so that the final conclusions of the study were well founded in existing 
research. 

2.4.3. Sample Selection  
According to Wiersma and Jurs (2005, p. 295) it is often not feasible to collect data from the 
entire population of individuals, which is why the researcher usually must make do with a 
sample of it. Wiersma and Jurs (2005, p. 295) and Saunders et al. (2012, pp. 258-262) present 
two major ways to select which individuals to include in the sample; probability sampling and 
non-probability sampling.  

Wiersma and Jurs (2005, p. 295) furthermore explain that probability sampling means that 
every member of the population has a known probability of being selected. However, the 
probability might differ between individuals. Non-probability sampling is the opposite of 
probability sampling; individuals   are   selected   without   knowledge   about   the   individuals’  
probability of being chosen (Ghauri et al. 1995, pp. 73-74). 

Through discussions about the research subject with employees at GKN it appeared that only 
certain people within the organization had knowledge  about  the  company’s  KC practice. In 
order to get a complete and valid description of the practice the individuals had to be hand-
picked according to their ability to answer specific questions. This approach is described by 
Saunders et al. (2012, pp. 281-291), and Ghauri et al. (1995, pp. 73-74) as a non-probability 
sampling method called judgmental sampling. 
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Totally, fourteen employees from different design, definition, manufacturing and quality 
functions were interviewed at GKN. At VCE eight employees were interviewed; three from 
the manufacturing department, three design and definition engineers and two methodology 
experts. At Saab a total of four people were interviewed, including two methodology experts, 
one design engineer and one employee from the manufacturing function. The selection was 
done with consideration to the need to get a comprehensive picture of each organization’s  KC 
practice. The interviews at GKN took place during the spring of 2014, and the interviews at 
Saab and VCE took place the 3rd respectively the 11th of April 2014. 

2.5. Data Analysis 
Saunders et al. (2012, pp. 556-560) and Ghauri et al. (1995, pp. 95-96) present three major steps 
in analyzing qualitative data; development of categories, breakdown of data, and 
identification of relationships between the data.  The development of categories involves 
identifying categories to which meaningful pieces of data can be attached. Each category is 
usually referred to as a label. Using categories allows the researcher to rearrange the original 
data into a structural arrangement that facilitates the analysis. Furthermore, Saunders et al. 
describe that once the categories have been developed the researcher should split the collected 
data into pieces and attach them to the different categories, which is done in the breakdown 
stage. Finally, the researcher should look for relationships between the different pieces of data, 
both within and between the categories.   

The approach recommended by Saunders at al. (2012, pp.56-560) and Ghauri et al. (1995, pp. 
95-96) was used as basis for the analysis conducted in this study. Each of the companies, along 
with the literature as a whole, represented a KC practice. Based on common characteristics of 
the practices categories, so called “modules”, were developed. Pieces of data from each practice 
were attached to each respective module and then an analysis of similarities and differences 
between the different practices was performed. The analysis led to the identification of success 
factors for a KC practice, which is presented in chapter 6 according to the same modular 
structure. Based on the success factors were recommendations to GKN specifically developed, 
these are presented in chapter 7. The modular approach is illustrated in Figure 2.1. 
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Module 3

Comparison

Alternative
Module 3

Current KC Practice at GKN

Adaptions of the alternative 
practices made in order to fit 

the current practice

Module 1 Alternative 
Module 2 Module 4Alternative

Module 3
Alternative 

Module 5

Potential new KC practice at GKN

Alternative KC Practices (Saab, VCE and literature)  
Figure 2.1: Conceptual presentation of modules 

2.6. Critical Review of the Research Methodology 
It is of general interest that every researcher conducts his study in a trustworthy way. 
Trustworthiness in a research study relies upon two dimensions: validity and reliability 
(Saunders et al., 2012, p. 192). 

2.6.1. Reliability 
Bell (2006, pp. 117-118) describes reliability as a measure describing which extent a research 
instrument or approach would reach the same result if it was used at a later occasion, with 
otherwise similar conditions. Yin (2009, p. 45) states that “the  goal of reliability is to minimize the 

errors  and  biases  in  a  study”. 

It has already been mentioned that an interview is a highly subjective method for collecting 
data and that there might be a risk of bias. Hence, as this study primarily builds its empirical 
data on interviews, it is especially important to actively ensure reliability. Bell (2006, p. 117) 
exemplifies several potential risks concerning reliability. One risk is that an interviewee might 
have experienced an extreme event just prior to the interview, which temporarily changes his 
or her perception. Furthermore, Bell states that the interviewers’ choice of words can have 
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large influence on the answers. Two different formulations can give two different answers 
even though they aim to address the same question. Bell (2006, p. 117) states that this type of 
misinterpretations and biases should be prevented and handled by the researcher in a 
conscious way. Yin (2009, p. 45) recommends that a researcher always should try to make the 
data collection as operational as possible in order to create reliability, such actions could for 
example include recording and transcription of interviews. 

To enhance reliability most of the collection and documentation of information made during 
this study was conducted in a systematic manner. Voice recordings were made during the 
semi-structured interviews, which in turn were transcribed to ease the use of the data. Both 
the recordings and transcriptions are stored at the company and with the authors of this thesis 
and are accessible with GKNs approval. However, some information was not recorded or 
transcribed. During the study many informal conversations took place with employees at 
GKN, VCE, and Saab after the actual data collection period in order to fill gaps that 
subsequently were identified, these conversation were not recorded and transcribed. 

2.6.2. Validity 
Yin (2009, p. 40) differs between three types of validity; internal, external, and construct. 
Wiersma and Jurs (2005, pp. 5-9) discuss only external and internal validity, but Yin gets 
support by Saunders et al. (2012, pp.193-194) who also present construct validity as a third 
type. 

Yin (2012, p. 40) and Saunders et al. (2012, pp. 193-194) have similar perceptions of the three 
types, they describe them the following way: 

- Construct validity is the degree of confidence that the measures being used in the study 
actually measure what they intend to. High confidence in the measures equals high 
construct validity. 

- Internal validity is relevant only in explanatory research studies and concerns whether 
causal relationships between different variables can be established. If a relationship can 
be established with confidence the internal validity is high. 

- External validity is to what extent the result of a study can be generalized to a certain 
population. High generalization to the population equals high external validity. 

As this study has an exploratory research purpose only construct and external validity are 
relevant to discuss. Creswell (2003, p. 196-197) suggests several ways to ensure validity: 

- Collect data from multiple sources and triangulate these towards each other.  

- Conduct the research during a longer period of time, this gives the researcher in-depth 
understanding. 

- Use an external auditor to review the entire project. 

Yin (2009, pp. 40-44) presents actions similar to the ones that Creswell recommends.  
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The empirical data in this study was aggregated from many different people’s stories and 
interesting information that was given by an individual employee was always triangulated 
with other employees to check its validity. More than four people participated from each of 
the three companies that participated in the study in order to get as many perspectives as 
possible of their KC practices. Furthermore, each interview was started with making sure that 
the  respondent’s conception of a KC conformed to the one used in this study in order to make 
sure that all the answers were given with KCs in mind and thus minimize the risk of 
misunderstandings. 

The study was conducted during a five-month period at the GKN-site to get an in-depth 
understanding   of   the   studied   subject   and   the   company’s   practice.   The   complementary  
perspectives that the interview studies at Saab and VCE contributed with enhanced the 
understanding of the studied subject additionally. 

Finally, daily contact with the thesis supervisor from GKN took place in order to enhance the 
validity of the study. The supervisor has also reviewed the report in its entirety to confirm its 
content. Furthermore, a supervisor from Luleå University of Technology reviewed the thesis 
too in order to further improve the validity of the study. 
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3. THEORETICAL FRAME OF REFERENCE 
This chapter provides the reader with a theoretical frame of reference important to understand the 

subsequent content of the thesis. The chapter also summarizes the theoretical basis that has been used in 

the analysis chapter in order to draw reliable conclusions. 

To analyze and draw conclusions regarding the success factors for a KC practice in a product 
development process it is important to first of all know the academic concepts that provide a 
foundation on which the concept of KCs relies. These include both tools such as failure mode 
and effect analysis, statistical process control and capability analysis, and methodologies such 
as robust design. It is also important to know the two main views used in this study regarding 
what a KC is and how it should be used. One is based on literature providing an academic 
view and one is based on an aerospace industry standard providing a more practical view of 
the concept. 

3.1. Robust Design 
Bergman and Klefsjö (2007, p. 226) state that  a  product’s  sensitivity  to  variation  depends on 
the design solution and that the impact of variation on the product in the end determines its 
quality, and hence also the customer satisfaction. In order to cope with the problems inflicted 
by variation and achieve robustness the concept of robust design was introduced. Robustness 
is defined by Taguchi, Chowdhury and Taguchi (2000, p. 4) as 

“the   state  where   the   technology,  product,  or  process  performance   is  minimally  sensitive   to  

factors  causing  variability  (either  in  the  manufacturing  or  user’s  environment)  and aging at 

the  lowest  unit  manufacturing  cost.” 

Bergman and Klefsjö (2007) define robust design as a collection of practices aiming to reduce 
the occurrence and impact of variation during a products life cycle. This includes variation 
affecting the product both during production and assembly, but also variation in the 
environment in which the  product   is  operating  and  variations  in   the  customer’s  use of the 
product. 

One of the models associated with robust design is the so-called Taguchi loss function. 
According to Bergman and Klefsjö (2007, p. 216) the traditional view of manufacturing losses 
due to variation in process outputs is that no losses occur as long as the output lies within the 
tolerance interval, and that losses are high and even outside the tolerance interval. The Taguchi 
loss function, see Ross (1996, p. 118), instead consider the losses as a parabolic function with 
increasing losses with increasing deviation from the target value, even though the product 
feature is still within the tolerance interval. Both views of manufacturing losses are presented 
in Figure 3.1, where LSL and USL depict the lower and upper specification limits respectively. 
Ross (1996, p. 119) means that this way of viewing losses gives a more direct focus on 
centralizing the product characteristic around the target value, rather than just within the 
tolerance interval. 
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Figure 3.1: The traditional view of costs related to process variation (to the left) and the Taguchi loss function 
(to the right). Adapted from Bergman and Klefsjö (2007, p.216) 

3.2. Failure Mode and Effect Analysis 
According to Bergman and Klefsjö (2007, p. 170) failure mode and effect analysis (FMEA) is a 
common analysis tool for assessing risks and reliability issues. It is a systematic examination 
of the failure modes of a product, process or project and how they occur, why they occur, what 
effects the failure might lead to and what should be done in order to reduce the risk. Reid 
(2005, p. 90) confirms this view and adds that the FMEA is intended to 

x recognize and evaluate potential failures of a product process and the related effects, 
x identify actions that could eliminate or reduce the chance of a failure mode occurring 

, and 
x document the process. 

Reid (2005, p. 90) adds that the very purpose of the FMEA is to find and prioritize the potential 
failure modes so that the most efficient countermeasures are being deployed. The FMEA is 
thus a tool for distributing resources to minimize the costs for unforeseen events along the 
product or process life cycle. A FMEA workflow can be seen in Figure 3.2. 



17 
 

Determine potential 
failure modes

Determine the effects 
of each failure modes

Determine the cause 
of each failure

List current control 
process

Find detectebility 
ranking

Calculate RPN

Correction required?

Recommended 
corrective action

Modification

Find probability 
ranking Find severity ranking

No

Yes

Modification data

FMEA report

 
Figure 3.2: FMEA workflow. Adapted from Hassan (2007, p. 224) 

Bergman and Klefsjö (2007, p. 170-171), furthermore present a variant of the FMEA with more 
quantitative focus that adds a criticality assessment to the analysis - the so-called failure mode, 
effect and criticality analysis (FMECA). The purpose of the more quantifiable approach is to 
make prioritizing even more intuitive with numbers and to provide easy comparison between 
alternatives. The method described by Bergman and Klefsjö (2007, p. 170) involves estimating 
the failure  mode’s  probability  of  occurrence,  severity  rate  and  probability  of  detection.  These  
are then weighted together by multiplication in order to find a so-called risk priority number, 
which forms the basis for prioritizing between failure modes. According to Hassan (2007 p. 
224) this is common in many PDPs due to often extreme time and resource constraints, in order 
to make the most of the available resources. An example of a FMECA table can be seen in Table 
3.1. 
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According to Liang (2009, p. 92), the FMEA is one of the most important design activities 
practiced in a PDP. Both the product and process life cycles are important to consider since it 
involves both a physical product and a manufacturing process. In order to assess both subjects 
deep enough the FMEA is commonly divided into two separate analyses, a design FMEA (D-
FMEA) and a process FMEA (P-FMEA). 

3.2.1. D-FMEA 
The D-FMEA is, according to Chan et al. (2012, p. 2192), a reliability evaluation technique for 
analysis of potential reliability problems for a product or subsystem, performed in the 
beginning of the design and development cycle. The analysis is only focused on failure modes 
related to the product and its intended use, and does not account for problems in the 
manufacturing process. Bergman and Klefsjö (2007, p. 170) therefore consider the D-FMEA as 
a precise tool for handling risks along the design and development process, regardless of a 
new product is being developed or if a current product is being improved. Also, if a more 
quantitative analysis is requested, the D-FMEA could be enhanced as described above by 
adding a measure of criticality. Such analyses are named D-FMECA. 

Chan et al. (2012, p. 2192) further argue that an early introduction of the D-FMEA makes it 
easier to overcome quality issues by setting a mindset in the PDP to always consider how the 
current design and introduced changes will affect product reliability. They also emphasize 
that the FMEA should be made as extensive as possible in order to cover almost any potential 
failure mode and get a comprehensive view of the product risk. 

3.2.2. P-FMEA 
Pantazopoulos and Tsinopoulos (2005, p. 5) describe the main purpose of using a P-FMEA as 
“to  assess  the  potential  failure  modes in the stage of a manufacturing process that could lead 
to a non-conforming  product  or  service”.  So,  in  contrast  to  the  D-FMEA, the analysis focuses 
on the in-house occurrences that might lead to failures in the product even before delivery, 
rather than assessing the potential failures in a product when used, even if perfectly delivered. 

            Risk analysis   

Component/ 
Part 

Functional 
Requirement 

Failure 
Mode 

Failure 
Cause 

Failure 
Effect 

Current 
Control 

Severity 
rate "S" 
(1-10) 

Probability 
of 

Occurrence 
"O" (1-10) 

Probability 
of 

Detection 
"D" 

(1-10) 

Risk 
Priority 
Number 
"RPN" 
SxOxD 

Recommended 
action 

Fuel injector Regulate fuel 
injection Crack Material 

defect 
Reduced 
function - 2 6 3 36 No action 

                      
                      

Table 3.1: Example of an FMECA table. Adapted from Bergman and Klefsjö (2007, p. 171) 
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Johnson and Khan (2003, p. 348) further add to this by stating that the P-FMEA is a planning 
tool that is used in order to identify which actions could be taken in order to avoid or reduce 
the impact of potential failure modes in the production, and to document the plan. They also 
state that this tool should be used throughout the entire product life-cycle, from the initial 
planning stages of designing to the end of the product’s life. 

3.3. Reducing Variation in Manufacturing 
According to Montgomery (2013, p. 7), variation in manufacturing processes is one of the most 
common reasons for poor product quality. Therefore many companies have found different 
methods in order to monitor and reduce the variation. To effectively handle the variation, 
Montgomery (2013, p. 55) makes a distinction between two main types – variation due to 
chance and variation due to assignable causes. The distinction between the two types can be 
seen in Table 3.2. 

Table 3.2: Variation due to chance and assignable cause (Montgomery, 2013, p. 189) 

TYPE DISTINGUISHING FEATURES 

Variation due to 
chance 

Variation due to chance is always present in any process or 
happening. This is due to the limiting laws of nature and the fact that 
no two moments in time are completely equal. There will always be a 
part of the variation that is due only to chance and this part is 
therefore impossible to remove completely. This kind of variation is 
therefore hard to predict when it comes to manufacturing processes, 
which creates a level of uncertainty that has to be accounted for e.g. 
by adapting the tolerance intervals to match the variation. 

Variation due to 
assignable causes 

Variation due to assignable causes is the part of the variation that can 
be assigned to known and often controllable causes. The more you 
know about the process and its behavior the more you can assign 
different variation to known sources. Even if a process at first seems 
only to be impacted by chance causes it might later become known 
that much of the variation was actually due to assignable causes. This 
kind of variation is often possible to reduce since the sources can be 
identified and eliminated. 

3.3.1. Statistical Process Control 
To reduce variation and prevent potential quality issues from occurring in the manufacturing 
processes, Montgomery (2013, p. 188) suggests using statistical process control (SPC) - a way 
of managing the processes with respect to variation. The purpose of this concept is, according 
to Montgomery (2013, p. 189), to find as many contributors to variation as possible and then 
try to eliminate these. Thus SPC is a systematic approach in order to identify and assign causes 
to variation, and to reduce these sources and their impact.  

According to Bergman and Klefsjö (2007, p. 236) and Montgomery (2013, p. 189), the most 
important goal of SPC is to create a process where all assignable causes for variation has been 
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eliminated, so the process is statistically stable with only natural variation. This is achieved by 
gradually learning about the process by using different statistical tools. The most commonly 
used tool according to Montgomery (2009, p. 182) is the process control chart, which maps 
each measured value in sequence. The tool uses the estimated mean of the process and 
calculated control limits (typically three times the estimated standard deviation) to visually 
interpret the process data. An example of a process control chart is presented in Figure 3.3. 

Process output

Estimated mean

Upper Control Limit

Lower Control Limit

Sample number  
Figure 3.3: Example of a process control chart. Adapted from Montgomery (2009, p. 184) 

Based on the shape of the data sequence and the statistically calculated control limits it is 
possible to determine whether or not the process is statistically stable or still shows signs of 
variation due to assignable causes. When the process is considered to be statistically stable 
Bergman and Klefsjö (2007, p. 236) claim that SPC should be used to monitor the process so 
that no new variation due to assignable causes are introduced. If so, the use of SPC aids the 
identification and elimination of the introduced variation. 

3.3.2. Process Capability Analysis 
Montgomery (2009, p. 345) states that the statistical data provided when using SPC can be used 
in  many  different  ways  along  the  product’s  life-cycle. Both internally within the organization 
in order to take the current performance into account when designing products and planning 
production, and externally to communicate this performance to customers. According to 
Montgomery (2013, p. 356) a common way to do this is by constantly conducting process 
capability analyses. 

Bergman and Klefsjö (2007, p. 290) explain that in addition to the strictly statistical measures 
used within SPC, capability analyses also involves tolerances and target values. These are 
values set when designing the product and represent its desired characteristics. Montgomery 
(2009, p. 345) states that whether or not these characteristics are met in the end will affect the 
quality of the product. By comparing the estimated process variation to the target and 
tolerance limits the probability for the process of producing a non-conforming product can be 
calculated,  which  in  the  end  gives  information  about  the  process’  quality  performance. 
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The process capability performance is measured in dimensionless values which give a 
quantifiable and comparable measure of the process performance. According to Montgomery 
(2013, p. 367) the most basic capability measures are Cp and Cpk. The Cp measure focuses on 
relating the tolerance limit with to the process standard deviation and thus become a measure 
of whether or not the process has an acceptable level of variation compared to the tolerance 
interval. In addition to these figures, the Cpk measure also uses the estimated average in order 
to assess the process centrality around the target. Montgomery (2013, p. 367) explain that since 
the number of non-conformances are directly related to the process variation and centrality, 
both Cp and Cpk are often used in combination to accurately assess the process capability. But 
since Cpk takes both variation and centrality into account it is sometimes used as the only 
measure. 

Estimates of the two capability measures Cp and Cpk are calculated as described in equation 3.1 
and 3.2 where USL is the upper specification limit, LSL the lower specification limit, 𝜎 the 
estimated process standard deviation and �̂� the estimated average (Montgomery, 2013, pp. 
362-363). 

𝐶 =
𝑈𝑆𝐿 − 𝐿𝑆𝐿

6𝜎  

𝐶 = min
�̂� − 𝐿𝑆𝐿

3𝜎 ,
𝑈𝑆𝐿 − �̂�

3𝜎  

According to Montgomery (2013, p. 357), organizations using process capability analyses 
today commonly relate the calculated ratios to specific values that are considered threshold 
limits for a capable process. The use of these figures is an easy way for both customers and the 
companies themselves to determine whether or not a process is performing acceptably or 
needs urgent improvements before being considered capable. According to Montgomery 
(2013, p. 365) a common threshold limit for both Cp and Cpk is 1.33, which equals to a failure 
rate of 63 non-conforming parts per million. 

3.4. Key Characteristics 
The definition of a key characteristic (KC) is similar in the academic literature and based on 
the definition presented by Lee and Thornton (1996, p. 2). It is confirmed in several other 
articles, including Zheng et al. (2008, p. 991), Whitney (2006, p. 316) and Thornton (2000, p. 
128). They define a KC as “a  quantifiable  feature  of  a  product  or  its  assemblies,  parts  or  processes  

whose expected variation from target has an unacceptable impact on the cost, performance, or safety of 

the   product”. Thornton (2004, pp. 35-36) breaks down the definition to several important 
concepts that characterize the view of a KC: 

x The KC target value and acceptable variation should be quantifiable 
In order to assess whether or not the production process can fulfill the current demands 
put by the drawings and to be able to improve this process, the values for a KC must be 
quantifiable. 

(3.1) 

(3.2) 
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x A KC may be identified and controlled at any level 
A product can be divided into several different levels - the system, product, assembly, 
part and process levels – which together make up the total. Since many different 
characteristics, on all levels, can influence the impact of variation on a product it is 
important to be able to analyze characteristics on each level separately. 

x The expected variation in the KC must have a significant impact on important 
measures 
Whether or not a product in the end will be considered successful is much depending 
on the fulfillment of important measures such as product cost, performance or safety. 
The products will be designed to meet this specification, but the influence of variation 
might impact these measurements to the worse. Only characteristics whose variation 
might render this impact should be considered KCs. 

x The expected variation in the KC must be likely to occur 
Even if the impact of variation may be severe, it is not a serious problem if the variation 
is not likely to occur. Since it would be too costly to control all product characteristics, 
only the ones that actually have a high probability of demonstrating significant variation 
should be prioritized and considered as KCs. 

The last two characteristics focus on the impact and probability of variation in the production 
process, which according to Thornton (2004, p. 37) and (1999, p. 145) is the main selection 
criterion for a KC. Even if a product characteristic is very important to fulfill in order to achieve 
the desired quality it is sometimes not considered a KC if the variation, and thus the 
probability of loss of quality, is low. Thornton (2004, p. 37-8) prefers to use the Taguchi loss 
function related to expected process variation for presenting a logical definition of a KC and 
presents four main cases that a characteristic could be categorized into considering its level 
and impact of variation, shown in Figure 3.4. 
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Not a KC
Low variation and low cost for deviations

Target valueLSL USL

Potential KC
High variation but low cost for deviations

Target valueLSL USL

Potential KC
Low variation but high cost for deviations

Target valueLSL USL

Definite KC
High variation and high cost for deviations

Target valueLSL USL

Process output Variation costs

 

Figure 3.4: Conceptual model of KCs. Adapted from Thornton (2004, p. 37) 

The upper-left case in Figure 3.4 depicts a process where the variation is controlled with a 
centralized and limited deviation from the target value, while on the same time the costs of 
deviations are minimal. This characteristic would not be defined as a KC. The following two 
cases represent processes where either the expected variation or impact of variation is high 
while the other is low. Even though the definition requires both variation and a serious impact 
these characteristics could in some cases be considered KCs in order to take proactive 
measures. In the lower-right case, where both cost and variation are high, the characteristic 
should be considered a KC. 

3.5. Aerospace Standard AS9103 
The aerospace standard AS9103 is a part of the AS9100 series of standards issued by the 
International Aerospace Quality Group, which provide a framework for how companies in the 
aerospace industry should handle quality assurance and continuous improvement. The 
AS9103 is specifically focused on KCs; it presents its own definition of a KC and set of 
requirements for how the companies should work with KCs. Most of these requirements are 
however loosely stated in order for each company to adapt solutions to their respective 
organizations. 
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The definition of a KC used in the AS9103 describes, as already mentioned, a KC as “an attribute 

or feature whose variation has a significant influence on product fit, performance, service life, or 

producibility;  that  requires  specific  action  for  the  purpose  of  controlling  variation”. This view, alike 
the one used in academic literature, mentions the variation influencing product quality and 
emphasizes the need of specific actions in order to cope with this unacceptable variation.  

There is however an important difference between the definition of a KC presented in the 
industry standard AS9103 and the one used in academic literature: it does not include any 
influence on product safety. The industry standard makes a separate distinction for 
characteristics who have a significant effect on “safety,   performance,   form,   fit,   function,  

producibility  and  service  life  etc.;  that  require  specific  actions  to  ensure  they  are  adequately  managed”, 
called critical items (CIs). This distinction is made in order to specifically promote the safety 
critical aspects of a product and to fulfill the exceptional safety requirements used in the 
aerospace industry. 

KCs are considered as a subcategory under this definition, which means that every KC per 
definition is a CI, but without the distinct focus on safety. A KC could however be critical to 
safety  if  the  characteristic’s  variation  needs  to  be  controlled  to  ensure  conformance,  but  it  does  
not necessarily have to. The standard clearly states that the intent of CIs is to assure that no 
unsafe condition will occur when the item conforms to engineering requirements, while the 
intent with KCs is to assure that the item is produced at its specified nominal values, rather 
than merely within tolerances. Even though Zheng (2008, p. 991) presents different kinds of 
classification of KCs, no distinction similar to the one presented in AS9103 has been found in 
the academic literature. 

The practice for using KCs proposed in AS9103 is focused on communicating and controlling 
the KCs. The practice provides a methodology for how the KCs should be identified (using 
tools such as FMEA, SPC and design of experiments) and what has to be done if the 
requirements put on the manufacturing processes, in form of minimum Cpk-values, at some 
point would not be fulfilled. The management of KCs is focused only on the manufacturing 
process and is initiated during the later stages of product development when the product is 
ready for industrialization. The standard presents a requirement that the entire cross-
functional team should be responsible for the KC process. Each functional group is thus 
responsible for the effort of reducing variation risks and must therefore prioritize the task. A 
model of the practice is presented in Figure 3.5. 

The industry standard AS9103 presents a requirement of “appropriate  documentation” of the 
KCs and provide guidelines for this in form of a proposed method called process control 
document. This document is recommended to contain generic data about the specific part and 
PDP along with a list of all identified KCs with respective information, such as required 
process capability levels and results from SPC analyses. The standard explicitly states that the 
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document  should  be  continuously  filled  out  during  the  product’s  life-cycle and updated when 
KCs are added or removed due to manufacturing results. 

Review required performance, KCs 
and CIs

Planning a manufacturing or 
maintenance process

Operate the process on trial basis 
to generate data

Analyze data for action

Take action from study of process 
performance

Continue to monitor the process

Process change 
management YesNo

 
Figure 3.5: The KC practice proposed by AS9103 

3.6. Variation Risk Management 
Several academic concepts dealing with variation and robust design, such as six sigma and the 
Taguchi methods are, according to Thornton (2000, p. 127), not easily integrated. Thornton 
therefore introduced the concept of variation risk management (VRM) to provide a method to 
deal with variation within the production process by creating a holistic perspective and 
approaching the problems over the entire organization. VRM is defined by Thornton (2000, p. 
127) as 

“a   systematic   method   to   identify,   assess   and   mitigate   variation   throughout   the   product  

development  process”. 

The model is supposed to be used as a benchmark for current industry practice and academic 
literature to compare their variation management against. Thornton (2000, p. 127) further 
describe that VRM is focused entirely on the variation introduced by the production process 
within the company and does not include variations introduced after the product has been 
shipped, such as handling by the user. 

3.6.1. Integration of VRM in the PDP 
Since variation problems can occur  anytime  during  a  product’s life-cycle, Thornton (2004, p. 
13) and Zheng et al. (2008, p. 991) argue that VRM should be used as a fundamental method 
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throughout the entire life-cycle, from the initial recognition of customer needs to the last 
manufactured item. This includes using VRM during the earliest concept stages of the PDP in 
order to take variation into consideration in design, and using VRM in the production process 
in order to constantly make both the product design and manufacturing process robust to 
variation (Thornton, 2000, p. 130).  

Several sources, including Thornton (2000, p. 130), Zheng et al. (2008, pp. 994-995) and Nataraj, 
Arunachalam and Ranganathan (2006, p. 448), emphasize the importance of an early 
introduction of variation management practices in the PDP. Thornton (2004, p. 13) explains 
that this approach is the most efficient due to the fact that it is both easier and less costly to 
make changes to the design in earlier PDP stages, since details has not yet been thoroughly 
specified. On the other hand, Thornton (2000, p. 131) and Dantan, Hassan, Etienne, Siadat and 
Martin (2008, p. 107) argue that the high level of uncertainty present in these stages might 
make it hard to address variation problems and thus complicate the VRM procedure. A 
conceptual model of the relation between cost reduction opportunities and the cost of 
implementing change can be seen in Figure 3.6. 
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Figure 3.6: Conceptual model explaining the efficiency of product redesign during the product development 

stages. Adapted from Thornton (2004, p. 6) 

Thornton (2000, p. 130) presents a way to compare the application of variation management 
in companies within different industries by categorizing the KC practices into four levels. The 
levels  are  based  on  the  practice’s  perceived maturity when compared to the practice proposed 
in the academic literature. One of the concerned areas was at which stage of the products’ life 
the VRM effort was initiated and described different practices as reactive, semi-proactive and 
fully proactive. Their respective explanations can be found in Table 3.3. 
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Table 3.3: Maturity levels for VRM initiation. Adapted from Thornton (2000, p. 130) 

 

Both Thornton (2004, p. 18-9) and Zheng et al. (2008, p. 992) argue that the early introduction 
of VRM practices should be followed by an iterative process integrated in all PDP stages, in 
order to constantly evaluate the current design from a variation reduction perspective. The 
iterative process provided by Thornton (2000, p. 128) and (2004, pp. 18-19) is divided into the 
three stages: identification, assessment and mitigation (further presented in sections 3.6.3, 3.6.4 
and 3.6.5). The use of KCs is central in this process for illustrating and communicating the 
identified variation problems (Zheng et al. 2008, p. 990). 

Since most advanced PDPs today are divided into stages with gates (sometimes named 
reviews), Thornton (2004, p. 168) argues that the VRM process most naturally should be 
performed and presented at each of these PDP gates. Thus the results from the VRM process 
can be one of the evaluation criteria for whether or not the current design should be approved 
and allowed to continue to the next PDP stage. 

Another important practical aspect that needs to be considered when applying VRM is how 
the documentation of KCs should be conducted, both during the PDP and later when the KCs 
are used in manufacturing. Thornton (2000, p. 139) states that in order to communicate the 
KCs to the entire team during the PDP they should be documented and, most importantly, 
continuously updated after their initial identification. Dantan et al. (2008, p. 110) and Thornton 
(2004, p. 52; 2000, pp. 138-139) argue that the variation flow-down (further presented in Section 
3.6.3) is the best way to communicate the KCs during the entire PDP since it provides a map 
for all KCs, their respective requirements and their interrelationships with other 
characteristics. 

3.6.2. VRM Team Composition 
Both Thornton (2004), Liang (2009, p. 81) and the industry standard AS9103 highlight the 
importance of putting together a cross-functional team which will perform the VRM during 
the PDP, a team which should consist of people from all different functional groups affected 
by or able to influence variation risks. The members could include different types of design 
engineers, manufacturing representatives, quality managers, system engineers and suppliers; 
what is important is that as many affected functions as possible are involved. Together these 
members are able to contribute with knowledge that will help to find and handle variation 
risks throughout the entire company. Dostaler (2009, p. 7) adds that the addition of 

 0: Not used at all 1: Reactive 2: Semi-proactive 3: Fully Proactive 

VRM initiation: 
The phase in 
which VRM is 
started 

KCs never 
identified 

KCs identified 
when quality 
problems occur 
in production 

KCs identified at 
the end of product 
design where extra 
control is required 

KCs identified during 
the early stages of 
design and are 
continually updated 
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manufacturing personnel is especially important in order to address producibility aspects 
when selecting designs. 

Whitney (2006, p. 321) argue that the design and achievement of KCs should be a joint 
responsibility of the engineering and manufacturing functions. Thornton (2004, p. 170) 
recommends another approach in order to make sure that the handling of KCs is done 
properly. Thornton proposes that metrics, such as the total risk reduction achieved or 
reduction of number of uncertain KCs, should be used for controlling and managing the VRM 
effort efficiently. 

3.6.3. Identification 
The first step of the I-A-M process is the identification of KCs. Thornton (2004, p. 33) describes 
the overall concept of this stage as to find the critical system requirements (CSRs), find the 
characteristics that influence these requirements and to determine whether or not the expected 
variation in manufacturing will have a significant impact on the fulfillment of the 
requirements. Identified characteristics are then passed on to be assessed in the next step. The 
goal of this procedure is according to Thornton (2004, p. 38) to develop and record a holistic 
view of how the system quality shall be delivered. It connects the overall demands for the 
system with the smallest of characteristics. 

Zheng et al. (2008, p. 990) explain that since complex systems can have a very large number of 
characteristics it is often not possible to determine the variation impact of each one of them. 
Therefore a selection method is needed for reducing the number of inspected characteristics 
to those that are especially important in order to meet CSRs. Thornton (2004, pp. 56-57) argues 
that previous data, which in some way have identified some characteristics as important or 
significant for reaching the desired quality, are good sources for selection. Both Thornton 
(2004, p. 57) and Zheng et al. (2008, p. 991) propose that the data should include results from 
other analyses such as FMEA or process capability analyses, previous production data from 
similar products, customer requirements and complaint data. 

Thornton (2004, p. 44; 2000, p. 128) explains that all these sources could provide the 
identification procedure with important inputs. The FMEA could be used to find possible risks 
associated with the design and critical characteristics which need to be handled in order to 
avoid potential failure modes, or at least reduce their impact. The use of process capability 
analyses is a common way to find potential weaknesses in the production process and assign 
KCs so that these could be dealt with. But as Dantan et al. (2008, p. 108) state, there are few 
researchers proposing how this information is best delivered to the design team. 

Another way of giving the designers a picture of which characteristics might be KCs is by 
studying what has been causing problems in production with previous similar products and 
thus give an appreciation of which ones that might be critical also this time. Since the use of 
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KCs in the end aim to fulfill customer needs it is also important to consider both customer 
requirements and previous complaints to find what is essential to fulfill. 

Hassan (2007, p. 229) agrees that FMEA should be used as a tool for identifying KCs and 
further provides a model for using the analysis integrated with the identification and handling 
of KCs. The main idea of the model is to provide help in finding connection between different 
parts of the FMEA with the KCs, such as the direct relation between a failure cause and a KC. 
If a product has a non-conforming KC it eventually causes some kind of failure mode. The 
model also facilitates finding connections between different characteristics on different levels 
in order to see how one characteristic relates to another (Whitney 2006, p. 318). This mapping 
of relations is most commonly known as a variation flow-down or KC flow-down. 

Thornton (2000, p. 40) means that a variation flow-down creates a picture of how the quality 
for a system KC is delivered by its included sub-characteristics such as assemblies, individual 
parts, manufacturing processes and suppliers. This is supported by Whitney (2006, p. 319), 
who adds that the flow-down aims to provide a strategy map for delivering the system KCs 
according to the drawing and dealing with the variation affecting subordinated parts and 
processes and connecting different KCs that are affecting each other. A conceptual model of a 
variation flow-down can be seen in Figure 3.7. 

System Key 
Characteristic

Critical System 
Requirement

System Key 
Characteristic

System Key 
Characteristic

System Key 
CharacteristicSystem level

Product level

Assembly level

Part level

Process level

Produkt Key 
Characteristic

Product Key 
Characteristic

Assembly Key 
Characteristic

Assembly Key 
Characteristic

Assembly Key 
Characteristic

Customer
requirements

Part Key 
Characteristic

Part Key 
Characteristic

Process Key 
Characteristic

Process Key 
Characteristic

Process Key 
Characteristic

Part Key 
Characteristic

 
Figure 3.7: Model of a variation flow-down. Adapted from Dantan et al. (2008, p. 110) 

Thornton (2000, p. 132) argues that this flow-down and its results, in form of a picture over KC 
interrelationships, is essential in order to be able to work with KCs of all levels during the 
entire PDP. Furthermore, Whitney (2006, p. 318) and Dantan et al. (2008, p. 110) argue that the 
resulting flow-down tree is the most important documentation of KCs throughout the process. 
Since the handling of KCs is focused on reducing their severity or the impact of variation it is 
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important to know how changes in one KC affect the other. In both the assessment and 
mitigation steps the mapping of these interrelationships provide a possibility to perform 
actions, such as cost assessments or redesigning efforts, with a high degree of confidence that 
it will improve the overall design and not just the specific part or assembly (Thornton 2004, p. 
137). 

3.6.4. Assessment 
The last stage in the iterative process - mitigation - aims to reduce the sources of variation and 
the impact it makes on the KCs, and thus reducing the number of severe KCs (Thornton 2004, 
p. 140). But since mitigation procedures often are complex and costly, it is not possible to 
mitigate all KCs found in the identification (Dantan et al. 2008, p. 108). Thornton (1999, p. 145) 
and (2000, p. 129) and Zheng et al. (2008, p. 1000) therefore highlight the importance of 
assessing the KCs in order to determine which ones are most important to take into 
consideration and for which KC a mitigation should be prioritized. Therefore the assessment 
step aims to prioritize between KCs by using quantitative and qualitative methods (Thornton, 
2000, p. 129). 

The assessment procedure presented by Thornton (2004, pp. 68-69) is divided into four steps: 
assess frequency of and contribution to defects, compute costs associated with defects to 
system KCs, compute the risks and categorize KCs, and finally to document the results. 

x Assess frequency of and contribution to defects 
Both Thornton (2004, p. 68) and Dantan et al. (2008, p. 107) recommend using qualitative 
and quantitative methods, such as SPC and process capability analyses, in order to 
estimate the frequency of defects for a system KC. These are based on the previous 
performance of the production processes chosen for the current design project and could 
include severity ratings according to Cpk-values. Low Cpk means a higher frequency of 
defects. But in order to choose which KCs that should be prioritized to reduce the number 
of defects it is also important to assess which KCs contribute most to the defects. Dantan 
et al. (2008, p. 108) explain that since there often are many reasons why a defect occurs, 
each  KC’s  contribution  to  a  specific  defect should be determined. The variation flow-down 
is an important tool in this task, making it easy to see how different KCs are interrelated 
and thus being able to reduce the number of defects efficiently. 

According to Thornton (2004, p. 102) another important feature of the assessment step is 
the evaluation of the efficiency of the current quality control. An efficient quality control 
function has a balance between control frequency and number of controlled 
characteristics. Defects occurring for different KCs should be detected early after their 
occurrence in order to reduce their impact (Zheng et al. 2008, p. 994). But on the same time 
the control function should not be too extensive. Correctly planned it should be limited to 
control the most necessary characteristics at each stage of the manufacturing process 
(Dantan et al. 2008, p. 108). 
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x Compute the cost of a defect in each system KC 
Since the reduction of quality losses is the driving force throughout the handling of KCs, 
Thornton (2004, p. 102) and (1999, p. 151) it is important to assess the costs associated with 
defects. By knowing how much the defects cost it is possible to on one hand quantifiably 
prioritize between KCs, and on the other hand relate defect costs to the costs of possible 
mitigation strategies and see if they are worth the effort.  

According to Ross (1996, p. 118) quality losses include scrap, reworking, reduced service 
life et cetera and could sometimes be hard to accurately calculate since the products are 
very complex and some defects are impossible to estimate the cost of. Therefore Thornton 
(2004, p. 72-3) recommends that some of those costs should be assessed only as a 
qualitative measure on a scale between 1 and 10. 

According to Thornton (2004, p. 75) the cost is also affected by the effectiveness of the 
current quality control function. Quality control is in many complex product situations a 
costly activity since many features has to be controlled and extensive measurements 
results in longer lead times. Therefore it is also important to relate costs of quality controls 
to the costs of defects being undetected longer times. 

x Compute the risks and categorize the system KCs 
According to the initial definition of a KC, presented by Figure 3.4 in Section 3.4, both the 
probability of occurrence for a defect and the cost of an actual defect increase the 
associated risk of the system KC. The assessment of this risk is according to Dantan et al. 
(2008, p. 113) the most important purpose of the KC assessment. KCs with a considerable 
probability of defects and high costs associated with these defects are the ones with the 
highest risk and hence the ones that are most important to mitigate. Thornton (2004, p. 
105) proposes that the KCs should be categorized into several categories, referred to by 
Thornton as “buckets”. These categories are labeled high, medium, low and uncertain risk 
and are used for the final evaluation of which KCs to mitigate. The fourth category is for 
KCs whose risk has not been possible to assess and is therefore named uncertain. 

x Document the results 
Dantan et al. (2008, p. 108) and Zheng et al. (2008, p. 996) stress the importance of 
documenting the results from the KC assessment in a systematic manner so that the 
information is easily usable in the mitigation step, future iterations of the I-A-M-process 
and future PDPs. Both sources propose different information models that include all the 
initial data related to the identification and assessment of KCs, such as process capability 
measures and variation flow-down. 

3.6.5. Mitigation 
When the identified KCs have been prioritized according to variation risk it is time for the last 
part of the I-A-M-process, the mitigation. According to Thornton (2004, p. 137; 2000, p. 129) 
mitigation binds together the entire process and fulfills the purpose of reducing variation and 
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its impact on the product and production process to achieve robust design. Thornton (2004, p. 
140) argues that the first KCs to be mitigated are the ones categorized high or uncertain risk. 
Thornton argues that the ones with uncertain risks are equally important to mitigate as the 
ones with high risk since they also might be associated with high risk, even though it cannot 
be certified. This however puts uncertainty into the mitigation work, and in the end there is a 
risk that the mitigation will result in an increase of overall costs (Thornton 2004, p. 140). 

There are many different strategies that can be used in the mitigation phase, but Thornton 
(2004, p. 137-8) divides them into five main strategies: 

x Design changes 
One alternative, supported by both Thornton (2000, p. 129) and Dantan et al. (2008, p. 111), 
is changing the design. This is one of the alternatives with highest potential impact, but it 
can also be very expensive. Design changes can entirely remove variation problems by 
changing or sometimes even removing the very characteristic that is considered a KC. 
However, the extent to which it is possible to change the design is much depending on 
when during the PDP the KC mitigation is being conducted (Zheng et al. 2008, p. 994-5). 
Mitigation efforts being conducted during the early phases, such as concept design, can 
result in more extensive design changes since many of the product details have not been 
decided yet. 

x Manufacturing process changes 
Rather than changing the product itself, it is also possible to change the way the product 
is manufactured. Thornton (2004, p. 145) explains that switching to other manufacturing 
alternatives that are less sensitive to variation makes it possible to reduce variation risks. 

x Manufacturing process improvements 
Another option, supported by Zheng et al. (2008, p. 997) is to leave both the choice of 
design and manufacturing process unchanged and instead focus efforts on improving the 
current manufacturing process. This could be done through various analytical tools such 
as process analyses, root cause analyses of failures and design of experiments, but it could 
as well be done by simply improving the machinery with newer technology or automation 
of manual tasks. 

x Control of the manufacturing process 
Thornton (2004, p. 151-2) proposes using SPC for controlling the manufacturing process 
as a more reactive strategy for mitigating KCs than the previously presented. If special 
SPC measures are being introduced it is often possible to detect shifts in the 
manufacturing process before it deviates enough to produce defects. In such cases the 
process can be corrected and hopefully the cause of the deviation be identified. However, 
this approach might lead to more work and longer lead times than the previous 
alternatives (Zheng et al. 2008, p. 996). 

x Testing and inspection 
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The last resort presented by Thornton (2004, p. 154) for mitigating KCs and the one 
focused on in the aerospace industry standard AS9103 is testing and inspection. By 
frequently controlling the parts as they are being manufactured creates an opportunity to 
detect and mitigate defects as early as possible. But since one product characteristic 
measuring outside the tolerance interval might lead to the entire product being reworked 
or in worst case being scrapped, this option might be costly if defects are discovered late. 
This is a reactive strategy which only reduces the occurred effect, not the cause (Thornton 
2000, p. 130). 

When selecting a mitigation strategy it is, according to Thornton (2000, pp. 135-136; 2004, p. 
155), important to consider whether or not the solution is technically feasible, if it would render 
a positive cost/benefit trade-off and how it would impact the organization as a whole. 
Mitigations that might be best alternative for one specific KC might make the situation worse 
for other parts, which means that the total benefit of the applied strategy is low and sometimes 
negative. Therefore some calculations might be necessary, such as potential yield 
improvements or reduction of recurring costs, in order to get a view of the total benefit of the 
solution (Thornton, 2000, p. 136). The mitigation strategy with highest potential cost reduction 
should be the one prioritized first.  
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4. EMPIRICAL FINDINGS 
In this chapter the data that has been collected throughout the study is presented. The chapter is divided 

into four major sections; two concerns GKN, which is the main case study company, and the other two 

sections are dedicated to the two companies that have been used for benchmarking. 

The main case of this study was conducted at GKN Aerospace Sweden AB in Trollhättan. 
Another two, less extensive, benchmark studies were performed at Saab Aerostructures in 
Linköping and Volvo Construction Equipment in Eskilstuna. Each  company’s  KC practice and 
own reflections about the use of KCs are presented separately. 

4.1. GKN Aerospace 
GKN Aerospace is one of four divisions of the global engineering company GKN plc.; the other 
three divisions are GKN Driveline, GKN Powder Metallurgy, and GKN Land Systems. 
Examples of what the  different  divisions’  products  can  be  used for is presented in Figure 4.1. 
GKN plc. was established 1759 in Britain and currently has almost 50 000 employees working 
in different companies and joint ventures spread around the world (GKN plc., 2014). 

 
Figure 4.1: Examples of products from different GKN divisions (GKN plc., 2014) 

GKN  Aerospace  is  one  of  the  world’s  largest  first  tier  suppliers in the aerospace manufacturing 
industry and employs approximately 12 000 people in more than 35 facilities across 4 
continents (GKN Aerospace, 2014). The company mainly supply customers in the commercial 
and military aircraft sector, but is also in the space industry. 

A subdivision within GKN Aerospace is GKN Aerospace Engine Systems, which is specialized 
in developing, manufacturing, and maintaining engine system components. Pratt and 
Whitney, Rolls Royce and General Electrics are a few large customers to which the subdivision 
delivers components. In 2012 GKN Aerospace acquired the Swedish company Volvo Aero 
Corporation,   with   its   main   facilities   in   Trollhättan   in   Sweden,   to   increase   the   company’s  
operations in manufacturing engine system components (GKN Aerospace, 2014). Today the 
major  part  of  GKN  Aerospace  Engine  System’s  product  development  takes  place  at the site in 
Trollhättan, which is part of GKN Aerospace Sweden AB (hereafter referred to as GKN). 
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The Product Development Process at GKN 

The information in the following sections about GKN is a summary of an interview study in which 

fourteen employees from different design, definition, manufacturing and quality functions have 

participated. All interviews were conducted at the GKN site in Trollhättan during the spring of 2014. 

Also, internal corporate standards have been used as complementary information sources to get a 

complete and accurate description. 

As explained in the background, developing products in the aerospace industry is highly 
complex due to extensive technical requirements by customers and authorities. At GKN the 
development of a product usually extends over several years and calls for substantial 
investments. To shorten lead times and reduce costs the concept of concurrent engineering has 
become standard practice at GKN; the product and manufacturing process are developed 
simultaneously. Cross-functional teams are used in the PDP in order to find design solutions 
that are optimal from both a product and process perspective, and to communicate efficiently 
throughout the organization. 

At GKN each product development program (the word “program” is used synonymously to 
project at GKN) initiated by forming a cross-functional program management. The team 
usually includes people from the design, definition, manufacturing, strength, aero-
/thermodynamics and quality assurance functions. A description of the responsibility each of 
these functions has in the KC practice can be seen in Table 4.1. 

Table 4.1: Responsibilities of the different functions involved in the KC practice at GKN 

 FUNCTION RESPONSIBILITY 

Design Design solutions, Product definition 
Definition Drawings definition, geometric data management and digital 

product 
Manufacturing Manufacturing process solution, Manufacturing process definition 

Structural Integrity Verify that the product fulfills the mechanical requirements 
Aero/Thermo Verify the product versus aero- and thermodynamic requirements 

Quality Assurance Ensure that the design of the products, parts and appliances 
comply with the applicable type-certification basis and 
environmental protection requirements 

The development of a product takes place during six major phases; Pre-study, Conceptual 
Design, Preliminary Design, Detailed Design, Final Design, and Industrialization. Each phase 
is followed by a review stage in which different area experts examine the developed design 
concept. A simplified process map for the development process is presented In Figure 4.2. 
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Pre study Pre Study Review Conceptual Design Concept Review Preliminary Design Preliminary Design 
Review

Detailed Design Certification 
Hardware Review Final Design Critical Design 

Review
Industrialization and 

Design Validation
Product Launch 

Review

 
Figure 4.2: Conceptual model of the PDP at GKN 

The purpose of the Pre-study is to investigate the technical and commercial opportunities, 
conduct technical feasibility studies, identify overall functional requirements and to prepare a 
basis for the start of the development work. 

During the Conceptual Design phase a general product concept is developed. Customer 
requirements are broken down to product requirements on a system level. The entire PDP is 
initiated by the customer who provides GKN with a technical specification of the product that 
is requested. The technical specification sets product requirements regarding performance, 
reliability, interfaces, cost, et cetera. Usually the contract between GKN and the customer is 
not signed until after the Conceptual Design phase; the customer expects a satisfactory concept 
to be presented before the contract is signed. 

In the second phase, the Preliminary Design phase, the first product features are “frozen”, 
which means that they are restricted from being modified without customer approval. Also, it 
is during the Preliminary Design phase that a preliminary definition for manufacturing is 
created. Producibility perspectives are taken into account from the initiation of a program, but 
this is the first major step to include manufacturing functions in the development process. 
About 90 % of the product concept design is determined during the Preliminary Design phase. 

In the Detailed Design phase the concept is developed even further and the level of detail is 
even higher with more frozen product characteristics. The goal of this phase is to create a 
product definition that can be used to manufacture products for certification testing (all major 
components used in the aerospace industry must be certified by aerospace authorities before 
reaching the markets). Also, the manufacturing department is starting to test its processes in a 
more extensive way to ensure capability and cost efficiency. 

In the Final Design phase the product definition is developed that is supposed to be used in 
serial production. Also, user and maintenance manuals are developed. After the Final Design 
phase one last review is made before the product is launched into serial production. 

The final phase is the Industrialization phase where the last product validations are made. The 
Industrialization phase is also a transition phase from test manufacturing to full-scale serial 
manufacturing. 
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4.2. Key Characteristics and its Application at GKN 
GKN’s  work  with  KCs  can  be  divided  into  two  parts; the work that is performed during the 
PDP and the work that is performed during serial manufacturing. Even though this study 
focuses on the work during the PDP general data has been collected about KCs in serial 
manufacturing as well in order to get a holistic perspective. 

4.2.1. Key Characteristics in the Product Development Process 
To understand how GKN works with KCs it is important to stress once more that most of the 
company’s   work   is   done   in   programs.   Described   simply,   every   single   component   type   is  
developed in its own program, even though several component types are delivered to fit into 
the same aircraft engine model.  

To get a somewhat common approach in the programs, and thereby utilize all the knowledge 
that has been gathered throughout the years, GKN has developed its own internal 
management system called Operational Management System (OMS). Apart from other uses, 
the system provides the organization with a standard methodology for how product 
development programs should be conducted. However, OMS does not state how individual 
stages in the product development process should be conducted, rather it gives general 
guidelines. OMS states the expected outcome of each step, but how to achieve the result is free 
for the program teams to interpret.  

GKN’s  program  oriented  way  of  working  is  reflected  in  its  work  with  KCs  as  well.  Different 
customer requirements, and high complexity in the programs, call for a flexible work approach 
regarding  KCs.  The  exact  application  of  KCs  must  be  adapted  to  meet  each  specific  program’s  
unique requirements. To enable this, the corporate standard for identifying KCs is very 
generally formulated. The interviews showed however that there are few differences between 
the application of KCs in different programs. 

4.2.2. The Classification System 
The activity of identifying KCs is called “Classification” at GKN. The name reflects the main 
activity; to review all product characteristics and categorize them into different classes 
according to the impact their variation has on product safety, performance, and/or cost. A 
characteristic can be categorized under four different classes, of which three are defined as 
KCs. The term KC is never defined by GKN, but is only used as a collective name for some of 
the classes. However, the individual classes are clearly defined and it is more common to use 
their respective names when referring to important characteristics. 

A Critical Characteristic is any characteristic that if nonconforming, missing or degraded may 
cause a failure mode that could lead to human injury. A Major Characteristic is similar but the 
possible effects of a failure mode are less severe with only mission abortion without direct risk 
of human injury. Significant characteristics however have a different definition. Instead of 
defining them according to which effect that might occur if they are non-conforming (outside 
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the tolerance interval), these characteristics are being defined according to the effect of any 
deviation from the nominal value. The effects concern the product’s fit, function, performance, 
service life or producibility. When classifying the characteristics examples of potential failure 
modes are used, as can be seen in Table 4.2. The purpose of a numbered severity ranking is 
partly to visualize the risks in a more quantifiable way, and partly to make the risk scale 
comparable to the one used in the FMECA, a risk management tool used in the PDP. 

 

Table 4.2: The classes, the severity ranking, and examples of failure modes as defined by GKN 

SEVERITY 
RANKING CLASS EXAMPLES OF FAILURE MODES KC 

10 Critical Uncontained failure, uncontrolled fire, inability 
to shutdown, toxic fumes 

KC 

8 Major Mission loss, in-flight-shutdown, take of aborted KC 
5 Significant Loss of performance, reduced thrust, increased 

fuel consumption. Interface dimensions 
KC 

3 Significant 
or other 

Redundancy loss KC/ not KC 

1 Other No discernible effect Not KC 

The corporate standard defines a fourth class as well, named Other Characteristics. These are 
all characteristics that do not conform to the definitions of the KC classes. In reality however, 
Other Characteristics are not classified at all since they have no impact on subsequent activities 
in the PDP or the manufacturing process. Instead, these are usually just disregarded in the 
classification activity. The fact that a characteristic is not assigned to any   of the KC classes 
does not mean its conformance to requirements is unimportant, it just means that its deviation 
does not have the same severe impact as the KCs. A conceptual model of the logic when 
classifying characteristics at GKN is presented in Figure 4.3 
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Figure 4.3: Conceptual model of the logic behind the classification of characteristics at GKN 

4.2.3. The Classification Process 
The classification process begins in the Detailed Design phase with a meeting between people 
from construction, manufacturing, definition, strength, aero-/thermodynamics, and quality 
assurance functions. During the following few weeks they discuss and agree upon the 
classification of characteristics in a way similar to the one in Figure 4.4. 

 
Figure 4.4: The constituting stages of the classification of characteristics at GKN 

Almost always when a new product is being developed the company has developed a similar 
product previously. Therefore the team begins the classification process by reviewing how 
characteristics were classified in the previous programs. The classification is more or less 
copied from the previous to the new program, and then the team discusses whether any 
classifications should be removed or if new ones should be added. If there is no similar product 
developed previously the program team still discusses suitable KCs based on their design 
experience. 

As basis for deciding suitable KCs, GKN demands the cross-functional team to use the ”2-

Times   Tolerance   Rule”, which is a method recommended by GKN’s   customer   Pratt   and 
Whitney. It builds upon the principle that in order for a characteristic to be defined as a KC 
the effect of variation on safety, cost, performance, and other parameters that are critical for 
customer satisfaction must be considerable. Therefore, the effect on such parameters is 
evaluated at a value of twice the distance between the target value and the tolerance limit, as 
shown in Figure 4.5. If for example safety, cost or performance is significantly affected, the 
characteristic is considered a KC. If the effect is limited, the characteristic is considered to be 
an Other Characteristic. The corporate standard also states that if historic data indicates that 
the variation for a characteristic could deviate more than two times the tolerance this must be 
taken into account when making the judgment. 

Cross-functional 
team is formed

KCs are retrieved 
from previous 

projects

Discussions about 
whether KCs should 

be added or 
removed

KCs are marked in 
the definitions

Monitoring and 
control in 

manufacturing 
processes
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Target valueLSL USL 2xUSL2xUSL Target valueLSL USL 2xUSL2xUSL

No critical effect
Effect still low at 2x tolerance limits

Critical effect
Considerable effect at 2x tolerance limits

Process output

 

Figure 4.5: Two different examples studied using the 2-times tolerance rule 

However, during the interviews it was revealed that the classification usually is agreed upon 
through discussions rather than the suggested method. One engineer claimed that they always 
use the 2-times tolerance rule as a basis for discussions in his projects, but most interviewees 
claimed that they do not use it. Using quantitative data for designating KCs rarely occurs. 

Once the project team has agreed upon which characteristics to designate as KCs, these are 
marked with a symbol on the product definitions based on their class. Once all the KCs have 
been marked in the definitions the classification activity is finished and KCs are not handled 
again until the developed product reaches serial manufacturing. 

4.2.4. Key Characteristics in Serial Manufacturing 
The class a KC has been assigned does not have any impact on how a product is manufactured, 
it only affects how quality control is applied. GKN has an extensive quality control for its 
manufactured products. Basically every product characteristic on every manufactured article 
that is possible to measure is measured.  In some cases, when a process has been demonstrated 
capable, a reduction of quality control actions for a characteristic is allowed. This is usually 
done for characteristics that are complicated or costly to measure. Quality control reduction is 
however not allowed for Critical and Major Characteristics due to their importance. The 
control of Significant Characteristics may be reduced, according to a certain control plan, if a 
Cpk of 1,33 or higher can be demonstrated. 

Whenever a characteristic’s value does not conform to definitions it is called a deviation, and 
the  process  of  handling  deviations  is  called  deviation  management.  As  GKN’s  products  are  
expensive the deviation management process usually is extensive and costly. Every possible 
option within reasonable limits is considered before scrapping an article. Deviations for KCs 
are usually assessed more thoroughly than deviations for Other Characteristics. 

4.2.5. Employee Reflections About the Work With KCs 
The general perception at GKN is that working with KCs is a necessary activity that they are 
not fond of. Several respondents express that KCs result in additional work for the 
manufacturing department in terms of extra control, documentation, and excessive 
management of deviations. One respondent from the manufacturing function expressed that 
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“KCs  does  not  bring  any  value  to  the  manufacturing  unit,  it  just  makes  it  harder  for  us  to  do  our  

work”. 

Some of the employees however see a value in the work with KCs. One respondent from the 
design function stated that working with KCs is valuable because it helps to filter out the most 
important characteristics of a product: 

“KCs  help  us  to  prioritize  our  actions  to the most important characteristics of a product when 

something goes wrong in manufacturing. It is also very educational to work with KCs. By looking 

at the criticality of product characteristics you get a good perception of how things are affected by 

different  factors”. 

Several respondents state that there is a risk with the current KC-practice since KCs are 
identified almost solely by looking at previous programs – important characteristics for the 
new product might be missed and some might be designated as KC even though they should 
not be. At the same time the use of previous projects saves the organization a lot of time in the 
development programs.  

During one interview an employee expressed a concern regarding that KCs are involved so 
late in the PDP when almost the entire design is set. He stated that when calculations at a later 
stage are made on the construction, the program team often realizes that many characteristic 
specifications limits have been set to narrowly. Usually the program has proceeded so far at 
this stage that GKN is prevented from doing modifications without  the  customer’s  approval. 
To get such an approval is usually very time-consuming and involves a lot of work. “Therefore  
the weaknesses in product constructions are kept  and  monitored  instead  of  eliminated  by  redesign” was 
his opinion. 

In order to meet customer demands for a more extensive work with risk analyses, GKN tried 
to use the risk analysis tool FMECA for identifying KCs during a pilot study in one of the most 
recent PDPs. However, the program team missed to take variation into account when 
classifying characteristics and identified flight safety risks rather than KCs. The result was an 
extensive amount of critical characteristics, which complicated the work for the manufacturing 
unit. 

The opinion about using the FMECA as a tool for identifying KCs is divided throughout the 
organization. Some respondents expressed a doubt regarding the FMECAs suitability for 
identifying KCs, while others saw a great value in it. The argumentation from the opponents 
was that both of the practices are valuable separately, but that they could not understand how 
to involve the variation perspective of KCs into the FMECA in a natural way. 
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4.3. Key Characteristics and Its Application at Saab Aerostructures 
The information in the following sections about Saab Aerostructures is a summary of an interview that 

was held with a total of four employees; two methodology experts, one design engineer and one employee 

from the manufacturing function. The   interview   was   conducted   at   Saab   Aerostructure’s   site   in  

Linköping the 3rd of April 2014. Also, internal corporate standards have been used as complementary 

information sources to get a more complete and accurate description. 

Saab Aerostructures, is a supplier in the aerospace industry. The company designs and 
manufactures components such as wing spars, doors and ailerons for aircrafts. Saab 
Aerostructures delivers components directly to Airbus and Boeing, but also to other Saab 
divisions. 

Identifying and handling KCs is a relatively new activity at Saab, the concept was introduced 
in the organization in 2012. After customer audits the company realized a work practice 
regarding KCs had to be implemented. Since the implementation of KCs extensive educational 
material  has  been  developed,  but  the  company’s  practices  have  only  been  applied  in  a  few  
projects. The company defines KCs as “The  properties  of  a  material,  process  or  part  whose  variation  

has  a  significant  influence  on  product  fit,  performance,  service  life,  or  manufacturability”.  

4.3.1. Saab’s Practice for Key Characteristics 
Saab has developed an internal manual in which corporate standards, concept descriptions, 
customer requirements, and other useful material regarding KC are collected. The manual is 
called “Variation  Management  of  Key  Characteristics”. Some of the topics in the manual are; how 
to identify KCs, how to handle data related to KCs, how to manage KCs towards 
subcontractors, and customer and industry requirements on KCs.  

At  Saab   the  process  of   identifying  KCs  begins   in   the  equivalent   to  GKN’s  Detailed  Design  
phase. The process starts with a cross-functional team meeting. Corporate standards demand 
that representatives from at least the construction, manufacturing engineering, and quality 
functions are participating. In reality, geometry assurance specialists, and employees from tool 
construction often participate as well.  It is necessary that the team members have good 
understanding of the customer requirements for the project and the manufacturing processes 
that are concerned. The team carefully reviews all product, process, and customer 
requirements. If the customer has provided specific input KCs in the requirements those are 
studied extra carefully. The Saab representatives stated that their focus on interface 
specifications is due to the fact that most of Saab’s  KCs  historically  have  been  of  interface  kind. 
Saabs practice for identifying and handling KCs in the product development process can be 
seen in Figure 4.6. 
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Figure 4.6: Conceptual model of the KC-practice at Saab 

Discussions are held between the team members about which characteristics that are suitable 
to   designate   as   KCs.   As   a   guidance   to   identify   suitable   KCs,   Saab’s   corporate   standard  
recommends the team to review the following parameters in the discussions: 

- Risks during manufacturing 
- Risks with later integration 
- Costs for deviations 
- Tolerances 
- Measurement methods 
- Tolerance and variation analysis 

The corporate standard especially highlights the importance of considering experience from 
current manufacturing process capabilities, scrap, deviations and adjustments when 
discussing the topics and selecting KCs. Once the team has agreed upon the KCs, no further 
work   is   made   to   eliminate   them   or   reduce   their   variation   impact.   Saab’s   purpose   with  
identifying KCs is simply to find characteristics that are critical to customer requirements so 
that these can be monitored in the manufacturing processes by applying SPC. 

The   last  step  in  Saab’s   identification  process  for  KCs  in   the  PDP  is   to  document   them.  The  
corporate standard provides three alternative ways for documenting KCs in the design 
documents; add the KCs to the 3D model, add the KCs to the 2D-model, or write the KCs in a 
separate document. To write the KCs in a separate document is preferred when definitions or 
models cannot be updated without  the  customer’s  approval.  When  Saab  has  the  possibility  to  
modify  definitions  or  models  without  customers’  approval  either  a  mark  in  the  3D-model or 
the 2D-definitions is preferred.  

When the product definitions are sent to the manufacturing department the process of 
controlling KCs starts, for which Saab has stated several requirements. First of all the use of 
SPC is required for controlling all key characteristics. By utilizing SPC and variation reducing 
process improvements a stable process can be achieved and maintained. This method is only 
used for KCs; other characteristics are merely controlled as an attribute whether they fulfill the 
tolerance requirement or not. All KCs initially apply a 100% control frequency in order to find 
any non-conformances before delivery. 

Capability analyses are initiated only when the KC process is found to be stable and are used 
for estimating the performance of the process. The required capability for a KC is a Cpk-value 
of 1.33, unless the customer has defined other demands. Once the desired process capability 
has been validated the control frequency can be reduced to an appropriate level, but if the 
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process ceases to be stable or capable the 100% control frequency must again be utilized until 
the capability once again can be assured.  

4.3.2. Employee Reflections and Ongoing Development 
Saab’s   primary  purpose   of  working  with  KCs   is   to   control   and  minimize   the   variation   on  
critical characteristics. When Saab implemented a practice for KCs the aim was to create a 
practice that brought value to the company. A manager within quality and process 
development stated that even though the company is moving in the right direction, there is 
still a long way to go. 

The opinion about using KC as a practice is divided throughout the organization, both positive 
and negative opinions occur. For example, the construction department request feedback from 
the manufacturing department and subcontractors on how KCs perform so that they can 
evaluate their work and improve to upcoming projects. However, the purchasing department 
does not appreciate this since purchasing prices from subcontractors might increase along 
with the higher requirements that are flowed down to them. Also, according to the 
respondents at Saab, the manufacturing department is usually positive to KCs until they 
realize the extra work it will mean to them, for example that they need to prove high capability 
if they wish to implement control reductions. 

Saab’s  work  with  KCs  is  under  development  and  several  requests  for  how  the  future  practice  
should be designed have been stated. These have been identified by the organization as the 
most important improvements in order to find an efficient and effective process for identifying 
and handling KCs: 

x First of all, in the upcoming product development projects KCs will be involved already 
in the Preliminary Design phase. The organization sees a value in identifying KCs during 
an earlier stage of the PDP in order to take KCs and their impact on the design in 
consideration as soon as possible.  

x Secondly, more tools are about to be introduced in the activity of identifying KCs. In one 
of  Saab’s  recently  started  projects  a  variation flow-down will be used for the first time to 
get an overview of how KCs on different product levels are related. 

x As a third improvement, tolerance simulation is being used more and more to find out 
how sensitive certain characteristics are to variation. A quick estimate by the respondents 
was that tolerance simulations are made for approximately 10% of all characteristics. This 
number is likely to increase during the next few years.  

x Fourthly, Saab aims to build up a measurement database for tolerance simulations. The 
purpose is to be able to evaluate design decisions better so that the knowledge can be used 
in subsequent projects. For example, if Saab has statistical knowledge on how a certain 
manufacturing tool performs in combination to a certain material, product design 
decisions can be made to enhance producibility and reduce costs. Also, this knowledge 
can be used to identify KCs in a more structured manner. 
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x Lastly, the organization is becoming more aware of its costs of deviations. Saab has 
realized the substantial costs that quality issues lead to, which has increased the interest 
of improving current practices, of which the KC practice is one.  

4.4. Key Characteristics and Its Application at Volvo Construction Equipment 
The information in the following sections about Volvo Construction Equipment is a summary of an 

interview that was held with a total of eight employees; three from the manufacturing department, three 

design and definition engineers and two methodology experts. The interview was conducted at the Volvo 

Construction Equipment site the 11th of April 2014. Also, internal corporate standards have been used 

as complementary information sources to get a more complete and accurate description.  

Volvo Construction Equipment (VCE) designs and manufactures construction vehicles of 
different kinds.  Some  examples  of  VCE’s  vehicle   types  are  dump  trucks,  excavators,  wheel  
loaders, paving machines, and backhoe loaders. 

VCE does not explicitly state that they work with Key Characteristics. Instead they use the 
term Special Characteristic (SC), but the meaning of the two concepts is similar.  VCE defines 
a SC as a “product   characteristics   or  manufacturing process parameters which can affect safety or 

compliance   with   regulations,   fit,   function,   performance,   or   subsequent   processing   of   a   product”. 
Furthermore the company states that “due   to   the   risks   connected   with   the   characteristics   or  
parameters variation control must be used to ensure optimal form, fit, function, performance, or service 

life”. 

Essentially, working with SCs is a way for VCE to build more robust products and thereby 
increase customer satisfaction. The fewer problems that reach the customer, the lower are the 
costs of poor quality. The proactive approach that the SC practice involves in the PDP is meant 
to reduce the need for urgent problem solving activities at later stages. 

4.4.1. VCE’s Practice for Special Characteristics 
VCE has recently incorporated a new standard regarding how SCs should be identified and 
handled. The decision of developing and implementing a new standard was based on a need 
of linking the work between SCs in product development and SCs in manufacturing processes.  
The  core  of  VCE’s  new  practice  for  identifying  and  handling  SCs  is  an  interaction  between  the  
D-FMEA and the P-FMEA. The process is illustrated in Figure 4.7. 
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Figure 4.7: Conceptual model of the KC practice at VCE 

VCE begins the SC practice in a phase equivalent to GKN’s  Detailed  Design  phase  and  it is 
done continuously throughout the PDP. A design team creates a D-FMEA to identify the 
different risks that are related to the product. The risks are connected to safety, and/or 
compliance with fit, function and performance. Just like in any FMEA a severity level is 
estimated for each one of the risks that have been identified. Severity levels between 1 and 10 
can be assigned, 1 symbolizes a low severity consequence and 10 symbolize a high severity 
consequence. All risks with severity levels of 7 or higher are classified as “potential  SCs”. All 
characteristics that have severity levels of less than 7 are disregarded, thus no class is assigned 
to them. A SC can be assigned to one of two possible classes; Critical Characteristic, and 
Significant Characteristic.  The requirements for these two classes are presented in Table 4.3. 
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Table 4.3: Classification levels of SCs at VCE 

SEVERITY LEVEL SC CLASS 
9-10 Critical Characteristic  
7-8 Significant Characteristic 

On the basis of what type of risk that has been identified, the engineering functions also 
suggest a recommendation in the D-FMEA regarding how the risk should be handled. The 
suggestions should either reduce or control the severity for the potential SCs. A suggested 
action could for example be a redesign of the product. Another alternative action could be the 
use of extensive monitoring and control in the manufacturing process.   

The output of the D-FMEA is in turn used as input in the P-FMEA in which a team from the 
manufacturing department identifies and handles the risks related to manufacturing of the 
product. It is the manufacturing department that has the final call on how risks should be 
handled. If the manufacturing department considers quality assurance operations to be 
sufficient, they might suggest such. If not, the manufacturing department might instead give 
orders to the design engineering department to redesign the product in some way. The output 
of the P-FMEA is returned to the D-FMEA and the process is iterated until the departments 
have agreed upon a concept. This way VCE is able to reduce the risks of a product and build 
more robust designs.  

In reality, the final set of SCs is only one parameter that is considered when choosing the 
design concept. The presumption is to find the concept that ensures and optimizes safety for 
the customers, regulatory compliance, availability in operations, and product performance. 
Intense cross-functional discussions are held until a concept is selected with consideration to 
all of these parameters. When the decision of design concept has been made the FMEAs are 
reviewed and those characteristics and process parameters that still have a severity rate of 7 
or higher are defined as SCs. These are also marked accordingly in the final definitions.  

Characteristics that originally had high severity levels but whose severity was reduced are no 
longer marked as SCs in the product definitions. The corporate standard explicitly states that 
potential SCs should be removed in as large extent as possible and that designating a SC in the 
final definitions is suitable only if no other risk mitigation activities are possible. Once the SCs 
have been marked in the final definitions the product is released to manufacturing.  

Whether a characteristic is classified as a SC or not mainly affects how the characteristic is 
controlled in the manufacturing processes. For a characteristic that is classified as a Critical 
Characteristic a Cpk-value of 1.67 or higher must be demonstrated. If the capability is lower a 
100 % control of the characteristic must be conducted. This means that the characteristic is 
monitored for every single produced article. Significant Characteristics are required to achieve 
a Cpk-value of at least 1.33, otherwise tailored control shall be applied. On the basis of the 
characteristic’s   capability   the   scope   of   control   is   set  manually.   Characteristics  with   a   high  
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capability are controlled less frequently, and characteristics with low capability are carefully 
monitored. 

4.4.2. VCE’s Reflections About Their Work With SCs 
VCE states that the ultimate goal for working with SCs is to design and build more robust 
products. They have identified working with risks as the key to design high quality products, 
which explains why SCs are so closely connected with the FMEA tools. Earlier there was no 
natural connection between the D-FMEA and the P-FMEA, but with the new corporate 
standard VCE hopes to get even more value out of their work with SCs. A VCE quality 
manager however states that it is too early to see if the practice has the indented effect. He 
adds that hopefully, the new more proactive SC-practice will reduce the need of urgent 
problem solving activities in upcoming projects and save money to the company. 

VCE currently has no plans on major changes in its practice for KCs since the practice recently 
has been changed. However, one of the changes that VCE implemented recently was to reduce 
the number of classes that a KC can be designated to. Previously VCE used four different 
classes for characteristics; [1], [2], [3], [4]. In the new system the first class has become [CC], 
the two classes [2] and [3] are equal to [SC], and the [4] is no longer used. The class [4] was 
previously used for common characteristics, characteristics that did not qualify for any of the 
other classes. With the new standard only critical ones are. The decision to make this change 
aimed to reduce excessive work.  
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5. ANALYSIS 
In this chapter the collected empirical data is compared to the theoretical frame of reference in order to 

find similarities and differences between the KC practices. 

As already mentioned in Section 2.5 the data analysis was performed by dividing the KC 
practices into different modules in order to more easily compare each aspect of the practices 
and thus facilitate the identification of individual success factors for a KC practice. Even 
though the modules are closely interrelated no two modules depicts the same aspect, which is 
important when performing the analysis. A brief description of each module can be viewed in 
Table 5.1. 

Table 5.1: Description of each module used in the analysis 

MODULE DESCRIPTION 
Module 1 

Classification of KCs 
Concerns the classification of characteristics and on what basis 
the classes are built 

Module 2 
Integration of KCs in 

the PDP 

Concerns how the KC practice is included into the PDP process 
and whether it is seen as a separate practice rather than a part of 
the process 

Module 3 
Team composition in 

the work with KCs 

Concerns the structure of the teams that perform the KC practice; 
the included company functions and their respective 
responsibilities  

Module 4 
Identification and 

handling of KCs 

Concerns the structure of the KC practice, its constituting steps 
and their interrelations 

Module 5 
Tools used in the work 

with KCs 

Concerns which tools that are used throughout the KC-practice 
and their respective contribution 
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5.1. Module 1 - Classification of Key Characteristics 
Several of the studied companies used some kind of classification of characteristics where each 
characteristic is categorized according to its variation sensitivity and the potential effect of a 
non-conformance. The different views of the activity and the specific classes are shown in 
Table 5.2. 

Table 5.2: The classification proposed in each studied case 

GKN Saab VCE LITERATURE 

- All characteristics are 
classified, but only 
some of them as KCs 
- Uses four classes, of 
which two are safety 
related, one is related 
to cost of variation and 
one “Other” is used for 
the remaining 
- Only safety and cost 
related characteristics 
are considered KCs 
 

- Classification of 
safety critical 
characteristics is 
separated from KCs 
- Characteristics 
identified as KCs 
are not classified 
further 
 

- Classification into 
two different 
classes; one for 
characteristics 
critical to safety, and 
one for 
characteristics 
critical to form, fit, 
performance et 
cetera 
- Both classes are 
handled equally 
during the 
subsequent PDP 
 

- Academic 
literature does not 
describe any 
classification 
method similar to 
the ones found in 
the companies and 
makes no 
distinction for 
characteristics 
affecting safety 
- Industry standard 
claims that 
classification of 
safety critical 
characteristics 
should be separated 
from KCs, which 
should not be 
classified further 
(AS9103) 

The academic literature considers KCs to be all characteristics whose variation might affect the 
cost, performance or safety of the product and thus makes no distinction between whether the 
characteristic is related to safety or not. The literature presents no further classification of 
identified KCs that bare any resemblance to the procedures used in the studied companies. 
The only classification made is the variation risk “buckets” presented in the VRM model, but 
these divide the KCs with quantifiable measures of variation risk rather than a qualitative 
judgment over which potential effect a non-conformance or deviation from nominal value 
might lead to. 

The classification used in the industry standard AS9103 is a combination of the academic 
literature and the one used at GKN. It makes a distinction between safety related 
characteristics and the identification of KCs, so they can be documented and handled in a 
specific way. However, these characteristics can be identified as KCs as well, if their variation 
is considered to have a significant influence on any of the areas mentioned in the definition. 
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However, the standard does not make any further distinction between characteristics that have 
already been identified as a KC; all KCs are supposed to be handled equally. 

Since Saab’s  internal standards are based on the AS9103 their classification of characteristics is 
equal to the one presented above. This means that they make the distinction for safety related 
characteristics before identifying KCs, that the KCs are not divided further after identification 
and that all KCs have equal control requirements. 

GKN, even though in the same industry as Saab, has a different practice for how the 
classification should be conducted. All characteristics are classified in the same activity, in 
which some of them are identified as KCs as well. Safety critical characteristics are defined as 
“characteristics that if non-conforming,  missing  or  degraded” may cause a safety related failure 
mode. Hence, these characteristics are not directly related to variation. On the other hand, the 
GKN definition of significant characteristics mentions that any “deviation  from  nominal  value” 
of these characteristics has a significant effect on product fit, form, performance etc., which 
bears direct resemblance to the AS9103 definition of a KC.  

The fact that GKN does not have any definition of a KC (but rather use definitions of each 
class) and only use the expression KC as a collective name for three of the classes shows a clear 
difference between the GKN and the AS9103 meaning of a KC. Also, GKN makes the 
classification according to which potential effect the characteristic might give in a single 
identification rather than the two separate occasions recommended in the industry standard. 
This   considered   along  with   the   fact   that   GKN’s definition of Significant Characteristics is 
similar to the AS9103 definition of a KC, means that the safety related characteristics, which 
per definition are not defined as Significant Characteristics, therefore never become a KC 
according to the definition in the AS9103 standard. 

Of the four classes currently used at GKN only characteristics in three of these are considered 
as KCs; Other Characteristics are not included in the KCs. This kind of arrangement, with 
inclusion of other characteristics in the classification, has only been found in a previous 
procedure used by VCE, but is otherwise   neither   used   in   VCE’s   present   classification  
procedure, nor used at Saab or mentioned in any of the literature sources. VCE removed this 
class when revising their procedure since they found it excessive with little value. Also, Other 
Characteristics are never classified in practice at GKN, they are just neglected. 

The current practice at VCE uses a classification of characteristics SCs (the equivalent of KCs) 
that bears some resemblance to the previously presented. The focus on variation is included 
in the very definition of a SC, just like the definition used in the academic literature, and the 
classification is made according to whether or not a characteristic might affect safety, just like 
the practice used at GKN. However, the definition of a SC is almost equal to the AS9103 
definition of a CI. 
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5.2. Module 2 - Integration of KCs in the PDP 
The majority of the KC practice is conducted during the PDP when the product is still in 
development. The different studied companies and the literature provides several alternatives 
for how to integrate and efficiently apply the KCs throughout the PDP; to what extent and 
how the work should be conducted symbiotically. The view of the literature and each 
respective company is presented in Table 5.3. 

Table 5.3: The different proposals for integration of the KC practice within the PDP 

GKN Saab VCE LITERATURE 

- KCs are identified in 
the Detailed Design 
phase 
- KCs are not handled 
iteratively, but in a 
single round 
- The KC practice does 
not have any 
connection to the rest 
of the PDP activities 
- Employees consider 
the use of KCs as 
excess work 

- KCs are identified 
in the Detailed 
Design phase 
- KCs are not 
handled iteratively, 
but in a single 
round 
- The KC practice 
does not have any 
connection to the 
rest of the PDP 
activities 
- Employees 
consider the use of 
KCs as excess work 

- KCs are identified 
in the Detailed 
Design phase 
- The FMEA is 
central  in  VCE’s  
PDP and the FMEA 
is used for 
identifying SCs 
- The KC practice is 
performed 
iteratively through 
an interaction 
between the D-
FMEA and the P-
FMEA 

- A company should 
start the KC practice 
as early as possible 
during the PDP 
(Zheng et al., 2008) 
(Thornton, 2000) 
(Nataraj, 
Arunachalman and 
Ranganathan, 2006) 
- The KC practice 
should be 
integrated as a 
natural activity in 
the PDP (Thornton, 
2004) 
- The work with 
KCs should be 
conducted 
iteratively 
throughout the PDP 
(Thornton, 2004) 
(Zheng et al., 2008) 
- Work with KCs 
should be done 
once late in the PDP 
(AS9103) 

The academic literature is consistent regarding that the KC concept should be introduced as 
early as possible in the PDP. An early introduction enables a company to better take variation 
into consideration when designing products and processes. The earlier variation sources are 
identified, the more possibilities are there to eliminate them, or at least reduce their impact. 
Usually, mitigation activities get more costly and complex to apply the longer a PDP proceeds. 

The approach presented in the academic literature differs from both the practice proposed by 
AS9103 and the practices used at GKN and Saab where KCs are introduced when almost the 
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entire product design is set.  According  to  the  literature  this  limits  the  companies’  possibility  
to eliminate variation sources. Along with the industry standard AS9103, the only purpose of 
working with KCs at GKN and Saab is to manage how quality control shall be applied in 
manufacturing. The literature describes this as a semi-proactive way of working which limits 
the possibility for a company to get proper value out of its efforts. This conforms well to what 
GKN and Saab employees expressed; to them using KCs basically is extra work forced upon 
them. 

VCE’s  practice, even though significantly different from the practice described in the literature, 
agrees with the arguments for an early introduction of KCs during the PDP. VCE begins 
already in the Preliminary Design phase and the work is well integrated in the rest of the PDP 
through the FMEAs that are central in their product development. It is explicitly stated in their 
standard that the final design solution should be selected with KCs in consideration. However, 
according to the practice proposed in the literature, VCE should consider beginning its work 
with KCs even earlier to be able to achieve the full potential of its efforts 

While examining the KC practices at both GKN and Saab, it becomes apparent that using KCs 
in fact is an activity that has no direct connection with the rest of the PDP activities. KCs are 
identified without any connection to data that has been gathered earlier during the PDP, and 
the output KCs do not have any impact in subsequent activities. GKN however plans to 
introduce the D-FMECA as a tool for working with KCs, which can be seen as a step towards 
a more integrated KC practice. The D-FMECA is already extensively used for risk analysis 
throughout the PDP and the tool is well recognized by the employees. 

Furthermore, the literature suggests that working with KCs should be done iteratively, and 
that gate reviews in the PDP can be used as natural checkpoints for the iterations. Currently 
neither GKN, VCE nor Saab works according to the suggestions presented in the literature 
regarding iterations. But since the D-FMECA already is a recurring activity throughout the 
different stages of the PDP at GKN it could be a natural way to implement a more iterative 
work with KCs, just like the practice used at VCE. The close interaction between the D-FMEA 
and the P-FMEA at VCE makes their KC practice iterative. 

A possible explanation to the difference between what the literature describes as the optimal 
way of working with KCs and how it is applied at GKN and Saab might be the aerospace 
industry standard AS9103. The standard sets the minimum requirements that the companies 
must follow in order to get their products certified, and it describes a semi-proactive way of 
working. Implementing an extensive practice for KCs would most likely be costly and time-
consuming like all major implementations. Adapting this semi-proactive practice is an easy 
way for a company in the aerospace industry of implementing a KC practice that fulfills the 
requirements in AS9103, even though it is not the best in the long term.  

The literature states that many companies would see difficulties with involving the VRM 
concept in the very beginning of the PDP, since projects usually are characterized by high 
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uncertainty at that stage and variation thinking might seem remote. Nevertheless, it is an 
important challenge to address in order to become successful. Another challenge that 
particularly GKN and Saab would need to handle if considering to involve KCs earlier in the 
PDP would be to change the employee perception of work with KCs to the fully proactive 
practice proposed in academic literature instead of their current semi-proactive practice. They 
must realize that KCs can be used to design better products and processes, and not only used 
for deciding how to apply quality control. 

5.3. Module 3 – Team Composition in the Work With KCs 
The KC practice aims to find solutions to the variation risks which are optimized for the entire 
organization rather than for one single function. The choice of team composition has an 
essential  influence  in  achieving  this  since  it  determines  the  team’s  ability  to  consider  different  
perspectives. Which company functions that should be included according to the literature 
and respective companies is presented in Table 5.4. 

Table 5.4: The proposed compositions of the team performing the KC-practice 

GKN Saab VCE Literature 

- Cross-functional 
teams: usually 
including design, 
definition, 
manufacturing, quality 
and aero/thermo 
functions 

- Cross-functional 
teams: including 
design, definition, 
manufacturing, 
geometry assurance 
and tool 
construction 
functions 

- Design engineers 
work with the D-
FMEA 
- Manufacturing 
functions work with 
the P-FMEA 
- A cross-functional 
team gathers when 
the final design is 
chosen, or earlier if a 
specific need arises 

- Cross-functional 
teams should be 
composed for 
working with KCs 
(Thornton, 2004) 
(Liang, 2009) 
(AS9103)  
- The team 
members should 
represent all 
functions that are 
affected by, or have 
impact on, variation 
(Thornton, 2004) 
(AS9103) 

The literature states that putting together a cross-functional team is the most suitable choice 
when it comes to working with KCs. It is recommended that the team should consist of people 
from all functional groups that might be affected by, or influence, variation risks. Design 
engineers, manufacturing representatives, quality managers, system engineers, and suppliers 
are a few examples of functions that could be appropriate to engage. Most importantly 
however is that as many affected functions as possible are involved. If so, valuable knowledge 
from the entire the organization is gathered to manage variation risks jointly. 

Working in cross-functional teams is standard practice during the PDP for both GKN and 
Saab. Even though the engaged functions differ between the companies the principle is the 
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same – those who might be affected by, or have impact on, variation should be engaged. This 
view is consistent with the view described in the literature.  

VCE has a different approach compared to GKN and Saab regarding the choice of team 
compositions. The company considers, even though the D-FMEA and P-FMEA is closely 
interrelated in their process, that the D-FMEA should be made by design engineers only, while 
on the same time the P-FMEA should be conducted by people from the manufacturing 
functions. Only later, when it is time to decide which product and process concept to choose, 
the different parts of the company form a cross-functional team. Exceptions are made in those 
cases where manufacturing problems arise in the D-FMEA (or design issues in the P-FMEA), 
then people from both functions engage to solve the specific issue. 

VCE claims that the reason for this distinction is to avoid involving people in activities when 
there is no direct need of it. According to the literature cross-functional teams would be 
preferred, considering that VCE claims that the handling of risks is of major importance to 
them in order to design robust products. By starting to work in closer collaborations at an even 
earlier stage of the PDP the different functions could become more aware of each other’s work 
and thereby develop better products. 

Another noticeable fact is that none of the three companies involves external parties - such as 
customers or suppliers - in their work with KCs, even though the literature suggests it. A 
reasonable explanation to this could be that such involvement would increase costs and 
complexity significantly. But considering that the involvement on the same time, according to 
the academic literature, could ease communication and aid the management of conflicting 
interests, the inclusion of external parties could be preferable. 

5.4. Module 4 – Identification and Handling of KCs 
The I-A-M procedure presented in the theoretical frame of reference constitutes the foundation 
of the VRM concept and how KCs should be handled during the PDP. This involves the entire 
methodology for identifying and handling KCs during the PDP; the involved activities and 
workflow sequence. Other practices might not use the same nomenclature for each process 
element or follow the same sequence, but it is possible to consider the activities with their 
respective equivalent in the literature framework. The found practices are presented in Table 
5.5. 

 

 

 

Table 5.5: The proposed KC practices and their process structure 

GKN Saab VCE LITERATURE 
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- Identification of 
KCs through cross-
functional 
discussions 
- KCs from previous 
projects form the 
basis for KCs in the 
new project 
- KCs are controlled 
in the 
manufacturing 
process 

 

- Identification 
through cross-
functional 
discussions 
- Start the 
identification in the 
product, process, 
and customer 
requirements 
- KCs are controlled 
in the 
manufacturing 
process 

- Identification of 
potential KCs (SCs) 
in D-FMEA and P-
FMEA 
- Potential KCs are 
designated based on 
risk severity 

- Companies should 
work in three steps; 
identification, 
assessment, and 
mitigation 
(Thornton, 2004) 
(Zheng et al., 2008) 
(Dantan et al., 2008) 
- KCs should be 
identified based on 
critical system 
requirements 
(Thornton, 2004 and 
AS9103) 
- KCs should only be 
identified and not 
handled (AS9103) 

The academic literature proposes that companies should work with KCs in three steps to 
address variation successfully; identification, assessment, and mitigation. During the 
identification step KCs are assigned by identifying characteristics whose variation has 
significant impact on product safety, performance, cost, or other parameters critical to the 
customers. The assessment stage is used to prioritize the most important KCs according to 
potential variation risk so that the most effective actions can be taken to eliminate or reduce 
the impact of the KCs in the last step, the mitigation. 

The KC-practice proposed by the industry standard AS9103 is only focused on identifying KCs 
and appropriate manufacturing activities in order to assure the requirements’ fulfillment. 
There is no mention of any further assessment after the identification and no other mitigation 
strategies than control and inspection. This is what the academic literature typically would 
consider a semi-proactive KC-practice. 

The three studied companies have different approaches for how to work with KCs. GKN and 
Saab use similar approaches for identification of KCs, both companies gather cross-functional 
teams and discuss suitable KCs. Saab however begins its work in product, process and 
customer requirements while GKN starts with reviewing KCs from previous projects. After 
the identification both companies conclude their work by marking the KCs in their respective 
documentation, and they are not handled again until serial manufacturing where process 
control and inspection is applied to them. Control and inspection are presented by the 
literature as two possible mitigation strategies among others, but GKN and Saab chose them 
passively without considering the other strategies and their potential benefits. The academic 
literature states that using control and inspection as mitigation strategies limits the company 
to only reduce the occurred effect rather than reducing the cause. 
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VCE applies a completely different approach compared to the other two companies. Their 
work begins in the D-FMEA and the P-FMEA where all risks over a certain severity level are 
designated as “potential  SCs”. A recommended variation management action is suggested in 
the D-FMEA before sending it as input to the P-FMEA. The manufacturing representatives 
who perform the P-FMEA makes the final decision regarding how to handle a risk and might 
for example request a design change or choose to apply process control to the characteristic. 

Even though the practice used at VCE is not as systematized as the one proposed in the 
literature, it does actually include all three elements described in the VRM methodology: 
identification, assessment and mitigation. The identification is conducted during the first D-
FMEA and P-FMEA. The initial assessment is made in the D-FMEA where a recommended 
action, in fact a mitigation strategy, is suggested. Finally, an assessment of the potential SC is 
made according to variation risk in the P-FMEA, before one or more mitigation strategies are 
chosen for the specific SC.  

There is however one particular aspect that the VCE approach lacks when compared to the 
other practices. It lacks the direct focus on variation when potential KCs are designated, which 
is highlighted in the literature as a basis for identifying KCs. Instead, VCE involves the 
variation thinking in the assessment of how to handle the SCs. If a SC has a variation that 
would be too severe to be handled through monitoring, manufacturing may decide that a 
redesign is necessary. If the variation however is manageable in manufacturing, a less costly 
inspection mitigation strategy might be chosen instead. Gradually, critical variation is 
removed from the design and only characteristics with severe impact and manageable 
variation will remain in the product design. These are designated as SCs and are monitored in 
the manufacturing processes. This corresponds to what the literature promotes through 
working with VRM and the I-A-M procedure.  

VCE’s  approach  is however not suitable for GKN because of one important aspect.  At VCE 
many characteristics with high severity but very low variation are designated as SCs, which is 
not a problem for the company since they adapt the process control according to the proven 
capability. Also at Saab, which has decided to have a separate system for flight safety related 
characteristics the approach could theoretically be adapted since control reductions are made. 
At GKN however, where control reductions are prohibited for the safety related classes, this 
means that many characteristics would be excessively monitored. 

5.5. Module 5 – Tools Used in the Work With KCs 
Along the process of identifying and handling KCs different tools are often applied in order 
to capture and manage data associated to the KC and its manufacturing process. These could 
be both quantitative data sources such as historical process data, and more qualitative analyses 
such as an FMEA. The tools recommended by the literature and the ones used by the studied 
companies are presented in Table 5.6. 
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Table 5.6: The tools used in the proposed KC-practices 

GKN Saab VCE LITERATURE 

- KCs from previous 
projects are identified 
- Use the 2-times 
tolerance rule for 
identification of KCs 
- Has several 
corporate standards 
related to KCs in 
different ways 
- Has plans on 
implementing the 
FMECA for 
identifying KCs 

- Provides 
discussion points in 
the corporate 
standard for 
stimulating KC 
thinking 
- Has a handbook 
on the intranet 
where different 
materials related to 
KCs are located 
- Has plans on 
implementing the 
variation flow-
down and the P-
FMEA 
- Plans to extend 
the amount of 
tolerance 
simulations to 
make better 
decisions 

- Use the D-FMEA 
and the P-FMEA for 
identification of SCs 
and to communicate 
mitigation strategies 

- Provides a range 
of possible tools for 
working with KCs; 
FMEA, SPC, Design 
of Experiments, 
Flow-down, 
complaint data, etc. 
(AS9103) (Hassan, 
2007) (Thornton, 
2004) (Whitney, 
2006) 
- The variation 
flow-down should 
be used to visualize 
interrelations 
between KCs and to 
communicate 
within the 
organization 
(Thornton, 2004) 
(Whitney, 2006) 
(Zheng et al., 2008) 

 

The academic literature and the industry standard AS9103 suggest a range of tools for a 
company to use when working with KCs, for example the FMEA, SPC, Design of Experiments, 
Taguchi loss-function, variation flow-down, and different types of historical product and 
process data.  Furthermore, the literature proposes a mixture of quantitative and qualitative 
methods for working with KCs. 

The studied companies however base much of the work with KCs solely on engineering 
experience. GKN and Saab almost exclusively use qualitative discussions when identifying 
KCs. GKN recommends the use of the 2-times tolerance rule when designating KCs, but the 
rule is used more to stimulate variation thinking than to actually assess the characteristics 
quantitatively. Saab provides a few information sources for designating suitable KCs in their 
corporate standards, but does not focus on any specific tools. VCE is the only of the studied 
companies that fully involves a tool in its work with SCs; the FMEA. 

The variation flow-down, which is considered an important tool for handling KCs by the 
academic literature, is currently not used by any of the three companies in the study. The 
literature states that the variation flow-down is essential for visualizing interrelationships 
between KCs and to communicate KCs within the organization. Saab has future plans for using 
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the variation flow-down in the upcoming projects, but none of the other companies seems to 
have found any value of using it so far.  
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6. CONCLUSIONS 
In this chapter the findings from the analysis and the general conclusions are presented. 

Below are the general conclusions regarding the success factors for an efficient KC-practice for 
companies in the aerospace industry. They are presented using the same modules that were 
presented in the analysis chapter, since they are closely related to the analytical findings. 

6.1. Module 1 - Classification of Key Characteristics 
In Module 1 two major conclusions were drawn; it is important to involve the expected 
variation perspective, and a classification system can be used to signal importance of KCs. 

6.1.1. Classification Should Focus on Variation 
It is essential to include the expected process variation of a characteristic when working with 
KCs. However, the empirical study shows that the case study company GKN had missed the 
expected variation perspective completely due to a confusion of different industry terms. GKN 
had limited their work to only reviewing the sensitivity to variation, which is not sufficient if 
the aim is to achieve robust design. 

6.1.2. Classification Can be Used to Signal Importance 
The fact that both GKN and VCE use a classification system for prioritizing actions for KCs 
indicates the system’s  possible  value.  The  study  also  showed  that  if  a  classification system is 
applied it should be limited to only handle characteristics with critical impact, other 
characteristics should be ignored. GKN uses a class for non-critical characteristics that clearly 
does not contribute any value, and VCE has recently abandoned a similar classification system 
due to this reason. Thus there is little value in classifying non-critical characteristics. 

6.2. Module 2 - Integration of KCs in the PDP 
In Module 2 three major conclusions were drawn; the work with KCs must begin early in the 
PDP, a natural connection between the KC-practice and the rest of the PDP must be 
established, and the work should be performed iteratively. 

6.2.1. The Work With KCs Should be Introduced Early in the PDP 
All the companies involved in the study begin their work with KCs rather late in the PDP, in 
the Detailed Design phase, when almost the entire product design is set. This is also the case 
for the KC-practice proposed by AS9103. According to the literature however a company 
should begin its work as early as possible in the PDP. The further a PDP proceeds the more 
costly  and  complex  product  and  process  design  changes  become,  which  limits  a  company’s  
alternative courses of action.  VCE’s  practice  is  not yet fully established in the organization and 
therefore not valid to draw conclusions from, but the practices found at GKN and Saab support 
the literature in the importance of an early introduction. Both of these two companies limit 



61 
 

themselves to control and inspection of KCs, making design changes are considered too costly 
so late in the PDP. 

6.2.2. Natural Connection to the PDP is Necessary  
A common perception at GKN is that working with KCs leads to extra work without direct 
value to the rest of the PDP. When examining the KC practice at GKN it becomes obvious that 
there is a real basis for the perception. The work with KCs does not include any data that has 
been generated earlier in the PDP, and the output does not have any impact on subsequent 
activities. The work with KCs is separated from the rest of the PDP as an individual activity, 
and the employees do not see any direct value based on their efforts. A successful KC practice 
requires employee support and in order to gain it a natural connection to the rest of the PDP-
activities must be established. 

6.2.3. The Work With KCs Should be Done Iteratively During the PDP  
The academic literature states that companies should work iteratively with KCs, and that 
existing gate reviews in the PDP can be used as natural restarts for the iterations. VCE applies 
an iterative practice for KCs through a close interaction between the D-FMEA and the P-
FMEA. Hence, despite the late involvement in the PDP, VCE is able to work iteratively and 
use this approach to reduce variation in the design of products and processes. GKN and Saab 
both perform the entire KC practice in one single round when the design is finished. Neither 
of the two companies works iteratively, which according to the literature restrict them from 
successfully working with KCs. The literature states that an iterative practice allows a 
company to reduce variation step by step alongside the development of the product. For GKN, 
who claims that the customer requirements change successively during the PDP, the need for 
an iterative practice is obvious. 

6.3. Module 3 – Team Composition in the Work With KCs 
In Module 3 one major conclusion was drawn; it is appropriate to use cross-functional teams 
in the work with KCs. 

6.3.1. KCs Should be Identified by Cross-functional Teams 
Working in cross-functional teams is recommended by the literature when working with 
variation issues, and from the study it becomes apparent that the companies agree with it. All 
three companies use cross-functional teams to at least some extent.  The literature states that 
by working in cross-functional teams the companies are enabled to handle variation aspects 
in a way that is beneficial to the entire organization. Furthermore, the literature advocates that 
all functions that are concerned with the variation issues should be engaged in the team. Which 
functions this includes should be assessed in each individual situation.  
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6.4. Module 4 – Identification and Handling of KCs 
In Module 4 two major conclusions were drawn; KCs should be clearly connected to critical 
system requirements (CSRs) to ensure that the important variation issues are the ones handled, 
and the work with KCs should include more steps than the identification only. 

6.4.1. CSRs Should Lead the Identification of KCs 
According to the literature the work with KCs should be based on the CSRs for a product, 
namely the requirements from the customer and other stakeholders. The literature states that 
basing the work with KCs on the CSRs in fact is critical in order to handle the right variation 
issues. There is no value in using resources to handle variation in unimportant characteristics. 
However, of the three companies only Saab expressively states that customer, product, and 
process requirements are central in the KC work. At GKN the connection is very unclear, and 
VCE expresses it indirectly by focusing employee attention to risks, which they have identified 
as the best way for them to handle CSRs. Hence, companies who do not yet communicate the 
connection between KCs and CSRs should review their work and clarify the connection. The 
literature states that using the variation flow-down is a powerful tool for this communication. 

6.4.2. The KC practice Should Include Identification, Assessment and Mitigation 
The academic literature describes an extensive practice for KCs that aims to eliminate variation 
and create value to the company, while the industry standard sets a minimum requirement 
that essentially just leads to extra work. Especially GKN and Saab express problems with 
getting value out of their work with KCs, and both of them work much alike the description 
of the industry standard. The two companies delimit their work to identifying KCs and 
passively choosing the mitigation strategy “monitoring  and  control”, which they not even are 
aware of is a mitigation strategy. Without actively making assessments about which 
characteristics to focus on, and which mitigation strategies to apply, a company excludes the 
possibility to gain value from its work. By applying assessment and mitigation however, a 
company is able to efficiently eliminate variation and design more robust products and 
processes. 

6.5. Module 5 – Tools Used in the Work With KCs 
In Module 5 three major conclusions were drawn; it is important to use both qualitative and 
quantitative tools, the FMEA is a recognized tool in industries which could facilitate 
implementation of a KC practice, and that other tools for working with KCs that the company 
knows of can be suitable to use. 

6.5.1. Quantitative Data Should Not be Overlooked 
The literature advocates a sound mix of qualitative and quantitative methods, but the study 
showed that the companies almost exclusively use only engineering judgment. At GKN the 
sparse use of quantitative data was motivated with its high impact on costs, which is why the 
organization cannot collect data for all characteristics. If implementing the entire I-A-M 
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process and introducing it early in the PDP however, a company can more easily prioritize 
which characteristics to assess with quantitative data collection methods. The literature clearly 
states the importance of also involving quantitative data in order to make good decisions, 
which is beneficial in the long term. Geometry assurance and SPC are two of the tools that the 
literature proposes for this purpose. 

6.5.2. The FMEA Can Facilitate an Implementation 
One of the tools that the literature advocates for working with KCs is the FMEA. In the study 
it appeared that the FMEA is well known, commonly used, and usually well integrated 
amongst industry companies. Also, the companies typically use it recurrently throughout the 
PDP. Using the FMEA could therefore be a powerful tool for a company that is about to 
implement an extensive KC practice. 

6.5.3. Theory Does Not Provide All Tools 
Finally, the study showed that there are more tools that can be used in the work with KCs than 
those that are described in the literature. GKN for example uses the 2-Times Tolerance Rule to 
determine the possible effect of the variation on a characteristic. The 2-Times Tolerance Rule 
is not described in the literature and was unfamiliar to the other companies who participated 
in this study. Most certainly there are more similar examples of proprietary tools that a 
company can use in the work with KCs, the most important aspect is that the tool provides 
significant value to the practice. 
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7. RECOMMENDATIONS TO GKN 
In this chapter the general conclusions presented in the previous chapter have been narrowed to specific 

recommendations to the case study company GKN. The chapter begins with a description of the overall 

recommendations that are provided to GKN, which is followed by a recommended future practice for the 

company. 

Thornton (2004), Zheng (2008), Nataraj, Arunachalam and Ranganathan (2006) and several 
other authors promote that companies should work with KCs to identify and handle variation 
issues for products and processes. A good application of the KC-concept enables a company 
to handle variation management issues efficiently and thereby create more robust designs. 
GKN currently applies a simple approach for KCs; they are identified late in the PDP and their 
only purpose is to find suitable quality control routines in the manufacturing processes. 
Besides, variation is not taken into account when designating KCs, only the possible effects of 
variation is considered. In this study three companies have been studied, along with existing 
literature, from which several conclusions have been drawn regarding how a KC practice 
should be designed to enhance robust design. Based on the conclusions GKN is recommended 
to implement the following changes: 

x Distinguish between the concepts of KCs and Critical Item characteristics 
KCs are Critical Item characteristics with considerable variation. Currently GKN uses the 
expression Key Characteristics for CI characteristics, which is misleading since variation 
is not taken into account. To enhance robust design, GKN must distinguish between the 
two concepts and start taking variation into account when designating KCs. 

x Introduce the work with KCs as early as possible in the PDP 
Redesigning products and processes usually become more expensive and complex the 
further a PDP proceeds. Thus, a late introduction limits the possible choices of mitigation 
strategies and thereby also the possibility to achieve robustness. 

x Communicate the importance of the connection between KCs and CSRs 
Robustness involves reducing the variation in characteristics that are critical to the 
customer. By basing the work with KCs on the CSRs GKN makes sure that efforts are put 
on the most important variation issues. Stating the connection in corporate standard 
documents is a first step to accomplish this. 

x Work iteratively with KCs between the different PDP gates 
The work with KCs should handle variation management issues as they arise through an 
iterative process throughout the PDP to follow the adjustments that subsequently are 
made on the product and process design.  

x Increase  the  employees’  awareness  of  the  available  mitigation  strategies 
Currently GKN passively selects a “monitoring  and  control” mitigation strategy for the KCs 
that have been identified, and employees are not aware of other available options. Using 
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control in manufacturing processes for handling variation does not contribute to 
robustness. Several other mitigation strategies however do.  

x Make assessments to prioritize actions for KCs 
The importance of different KCs differs, and the amount of resources GKN may dispose 
for mitigating KCs is limited. Assessment of KCs will enable GKN to use mitigation efforts 
and resources as efficiently and effectively as possible. 

x Increase the use of quantitative methods in the work with KCs 
A good mix of qualitative and quantitative data leads to the best decisions, but currently 
quantitative data is rarely used when designating and handling KCs. SPC and geometry 
assurance are two of several areas in which GKN already possesses expert knowledge that 
could be used for making better decisions. Scrap data from previous projects is another 
suggestion. 

On basis of these gaps, which prevent GKN from using KCs to enhance robust design, a 
practice has been developed. The practice addresses the challenges GKN faces and relies 
heavily on the practice suggested by Thornton (2004). 

7.1. General Description of the Suggested Practice 
Just like Thornton (2004) advocates, the practice consist of three steps; identification, 
assessment and mitigation. In the identification step characteristics with significant effect on 
CSRs, and considerable variation, are identified as KCs. Based on the identified KCs a 
prioritization of importance is made in the assessment step by the risk that each KC is 
associated with. Finally, when the importance of each KC has been made a suitable mitigation 
strategy must be chosen that addresses the variation issues optimally. This whole suggested 
process is illustrated in Figure 7.1. 
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Figure 7.1: Conceptual view of the recommended KC-practice 

Performing these three steps is a single iteration. Preferably, the first iteration should start as 
soon as possible in the PDP as an early introduction allows more mitigation strategies to be 
used, less cost and complexity issues delimits the practice at an early stage. The iteration 
should then be repeated recurrently during the PDP to follow the development of the product. 
For GKN, whose customers modify the product requirements subsequently during the PDP, 
it is especially important that the KC work is updated over time. For an example on what the 
iterative approach could look like, see Figure 7.2. 
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Figure 7.2: The integration of the recommended KC-practice in the existing PDP 
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7.2. Detailed Description of the Suggested Practice 
Each step of the iterative KC practice have also been adapted to the specific conditions 
affecting GKN in order for the recommended practice to perform well with both existing 
surrounding practices and special requirements put on the process. 

7.2.1. Identification 
KCs are CI characteristics that have a considerable variation, namely characteristics that both 
have a significant effect on CSRs, and that have a large variation. As previously mentioned, 
with the current practice GKN has only identified CI characteristics and classified them 
according to the system Critical, Major and Significant characteristics. To correctly identify 
KCs, and to be able to design more robust products and processes, GKN must also start taking 
variation into consideration. The logic of the approach is illustrated in Figure 7.3. 
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Figure 7.3: The recommended logic for classification of characteristics 

To identify CI characteristics, namely characteristics with critical effect on safety, form, fit, 
function or other CSRs, GKN can continue using the 2-Times Tolerance Rule and KCs from 
previous projects. However, as recommended, GKN should also start using other tools for 
identifying these characteristics, such as the FMECA. The FMECA contains data regarding 
risks from which characteristics with significant impact on CSRs can be identified. Other 
useful ways to identify CI characteristics could be by looking at previous scrap data, and 
design engineering experience. 

CI characteristics are potential KCs, and to find out whether they actually are KCs their 
expected variation in manufacturing must be evaluated. In this evaluation the competence and 
knowledge with the manufacturing team members is crucial. SPC-data, capability data, scrap 
data, and manufacturing experiences from previous programs can be used as valuable inputs 
in evaluating the expected variation for a characteristic. 

The characteristics that do not have a considerable variation should be treated as Critical Item 
Characteristics with GKN current system for Critical, Major, and Significant characteristics. 
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However, those characteristics that actually have as a considerable variation should be 
designated as KCs and handled according to variation management principles. The concept 
for how KCs should be identified and how different tools can be used is described in Figure 
7.4. The  abbreviation  pKC  in  Figure  7.4  stands  for  “potential  KC”. 

Previous project data

SPC data

2-Times Tolerance Rule Scrap data

FMECA

Critical Impact? Large Variation?

Capability data

Design experience

pKC

pKC

pKC

KC

KC

Geometry assurance

Key Characteristic?

Manufacturing experience  

Figure 7.4: Conceptual model for how specific tools should be used in the identification of KCs 

When KCs have been identified they must also be documented. According to Thornton (2004) 
the best way to document KCs is by using a variation flow-down. It clearly visualizes how 
KCs are related to CSRs, and also how KCs are interrelated. Due to the clear visualization of 
KC in the variation flow-down it is recommended as a tool for communicating regarding KCs 
within the organization. An example of how a variation flow-down could look if used at GKN 
is illustrated in Figure 7.5. 
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Figure 7.5: Example of how a variation flow-down could look when used at GKN 

In addition to the variation flow-down a more detailed documentation should be made. This 
documentation could for example include information regarding who identified the KC, the 
reason it was identified as a KC, what the planned actions for the KC are, et cetera. The detailed 
documentation will make it easy to follow the decisions later in the PDP that have been made 
earlier. 

7.2.2. Assessment 
The Assessment stage concerns prioritizing KCs based on the risk that they are associated with 
so that suitable actions can be deployed for each KC. The risk is a product of two components; 
the frequency to which defects for the KC occurs, and the costs of a defect. Multiplying these 
two factors gives the total cost of defects for a KC. Performing these calculations might in some 
cases be very complicated and therefore require rough estimations to be made. Sometimes it 
is even too hard to calculate any numbers at all, and in those cases Thornton (2004) suggests 
that qualitative numbers on a scale of 1 to 10 should be used to symbolize the risk. 

When the risks for each KCs have been estimated GKN should categorize the KCs in order to 
make it clear how important the different KCs are to deal with. GKN is suggested to categorize 
the risks according to three different risk levels; low, high, and uncertain. The concept for the 
categorization is illustrated in Figure 7.6. 
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Figure 7.6: Conceptual figure of the assessment procedure 

High risks and uncertain risks are the most important for GKN to manage. Uncertain risks are 
important to handle because those could very well be high risks. Using more than three risk 
categories is possible, but it is important that each level contributes with a value. 

The assessment step aims to clarify to the organization how important it is to handle the 
different variation issues. Before selecting a suitable mitigation strategy the data that has been 
generated in the assessment stage should be documented. GKN should make this 
documentation in the same detailed document that was used in the identification step. A good 
documentation is essential for selecting a good mitigation strategy. 

7.2.3. Mitigation  
After the assessment step GKN will be aware of what risks a KC is related to and thereby have 
knowledge on how important each KC is to manage. The last step in each iteration is the 
mitigation step, which involves choosing a suitable mitigation strategy, namely a strategy on 
how to manage the variation a KC is associated with. Until now, GKN has passively used the 
mitigation strategies Monitor and Control and Inspection, but to enhance robust design other 
mitigation strategies should be considered. Finally, the chosen mitigation strategy should be 
carried out before the next iteration is started later in the PDP. The five recommended 
mitigation strategies that Thornton (2004) describes are presented in Figure 7.7. 

Strategy 1
Product Redesign

Strategy 2
Process Redesign

Strategy 3
Process 

Improvement

Strategy 4
Process Monitoring 

and Control

Strategy 5
Testing and 
Inspection

 
Figure 7.7: The five potential mitigation strategies 
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8. DISCUSSION 
In this chapter the results of the study is discussed from different perspectives in order to assess the 

study’s  trustworthiness  and  discuss  the  results in a wider perspective.  

The findings presented in this study need to be critically examined in order to determine if 
they are accurate, commonly applicable and what effect they might make on the company, 
current academic literature and sustainability.  

8.1. Reliability  
As mentioned in the methodology chapter, unlike the interviews informal conversations with 
employees at GKN, Saab and VCE were not recorded and transcribed. Since these informal 
conversations were not documented it is difficult for an external person to assess their 
contribution to the study, which might affect the reliability. However, since the information 
mainly was used to validate the information that was given during the interviews we argue 
that these conversations did not have a major impact on the result from the study – the 
structure of the information had already been gathered in a systematic way. 

8.2. Validity 
Considering that neither of the benchmark companies received any direct benefit from 
participating in the study apart from receiving the finished report, it could be questioned 
whether they actually had an interest in providing accurate information. However, since the 
sought information is not critical to competition for any of the companies, there is no reason 
to believe that they have not been honest in their answers.  

Prior to the study it was argued that by studying GKN a representative description for 
manufacturing companies in the aerospace industry would be provided as the standard 
AS9103 sets common requirements for all actors. The benchmark study at Saab, which also 
operates in the aerospace industry, confirmed that the standard has lead to similar KC 
practices and terminologies. Hence, the approach used when conducting this study should be 
applicable in future studies at other companies too.  

It is strongly recommended to researchers of future studies to spend substantial time at all of 
the companies that are included in the study. In this case study a five-month period was spent 
at GKN, which was sufficient time to get an in-depth understanding of the subject and the 
company’s  practice. However, the interview studies at Saab and VCE were performed during 
one day each, which was not enough time to get an in-depth understanding of the companies 
practices. Instead, several conversations via telephone and email were necessary to confirm, 
correct, and complement information from the interviews. To understand the practices on a 
general level was possible, while it was difficult to get a detailed understanding. A longer 
timeframe at Saab and VCE could perhaps have improved the validity and increased the 
results from the study. 
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8.3. Implications for GKN Aerospace Sweden AB 
Before presenting potential impacts for GKN if the recommendations were fully implemented 
it is important to consider which surrounding components that has not been covered by this 
study that are important prerequisites for the proposed KC practice to reach its full potential. 
The two most fundamental parts are the need of an implementation strategy and a systematic 
practice for documenting and communicating manufacturing process data. 

There are several important aspects that need to be considered when formulating an 
implementation strategy for the proposed KC practice. First of all, the shift to a mindset 
focused on variation rather than just criticality requires that all employees involved in the 
work with KCs understand the benefits of considering potential variation issues already when 
designing the product. Secondly, it is important to consider that the presented KC practice is 
largely based on the practice recommended by the academic literature and therefore might not 
be directly applicable to a practical case. Even though the recommendations presented by this 
study have been adapted to GKN there are probably many adaptions to the practice needed 
to be made in order to implement a practice that works at GKN. Lastly, active support from 
management is needed in order to make the entire organization understand the benefits of a 
variation focused KC practice. 

This study has focused on the KC practice used in the PDP and is only briefly concerned with 
how the manufacturing functions works with KCs. Since the identification and subsequent 
handling of KCs is much dependent on manufacturing process data in order to determine 
which level of variation that can be expected to occur for each respective characteristic it is 
also important to consider the practice of retrieving this information in the processes. The data 
must be documented and communicated in a systematic manner so that the information is 
easily accessible, which is not the case with the current practice at GKN.  

The recommendations presented in this study will directly affect the PDP process at GKN, but 
it will also impact other company functions such as manufacturing and quality control. The 
direct impact on the PDP comes through the implementation of the proposed new KC practice 
which brings several new activities to the process and introduces a new mindset focused on 
variation reduction. This might lead to that additional resources in form of time, personnel 
and funds must be used in the early phases of the PDP, but these costs will probably be 
counterbalanced by both reduced costs of redesign in later stages of the PDP and reduced 
manufacturing cost. The new proposed practice will though not fundamentally change the 
PDP; rather it adds to the current KC practice and clarifies the scope of the KC effort and 
therefore no extensive process redesign is needed. 

The manufacturing process will also benefit from the new KC practice. If variation is 
considered early in the PDP process it is possible to handle the issues more efficiently than just 
applying control and inspection. This hopefully means that less scrap will be produced and 
that less rework will be needed, which saves much material costs and probably shortens the 
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lead time. The extensive control activities used today could probably also be reduced since a 
KC practice that utilizes variation flow-downs more effectively highlights the characteristics 
which are most important to control. The control activities will however not be reduced to the 
extent that they no longer conform to demands presented in AS9103, as long as the critical 
items are identified and controlled accurately.  

8.4. Implications on Sustainability 
The recommendations presented in this thesis could lead to reduced amounts of scrap and less 
rework in manufacturing since an effective KC practice enables a reduction of variation and 
its impact already in the PDP. This is specifically important since the unique materials used in 
aircraft components are expensive and their extraction is in some cases environmentally 
strenuous. Apart from material and cost savings, which itself is a step towards a more 
economically sustainable manufacturing, the reduction of variation might also lead to 
improvements of the work environment for employees. Less rework due to less defective 
products leads to a reduced workload and hopefully reduced amount of stress at each work 
station. 

The recommendations are also aligned with the research initiative Clean Sky and its focus on 
life cycle cost reduction of the aircrafts and their components. The new KC practice enables a 
deeper integration between product and process design and thus makes it easier to take 
decisions regarding the design that will be economically and ecologically beneficial for the 
entire product life-cycle. For instance, reducing expected high-cost manufacturing issues by 
applying low-cost redesign efforts leads to an overall reduction of product cost. 

8.5. Implications for Theory 
The study does not contribute with much new findings regarding how a company should work 
with KCs but rather increases the knowledge about how companies actually do work with KCs. 
It presents alternative KC practices the like of which has not been found in the academic 
literature. For instance, the practice used by VCE with interaction between the D-FMEA and 
P-FMEA to jointly consider product and process risks and achieve robustness is quite different 
from the VRM concept, but seems to fulfill its purpose nevertheless. It does also, along with 
the GKN practice, present a classification system for KCs that has not been found in the 
literature. This study therefore contributes with new viewpoints regarding the practical 
application of KCs in companies, which could be used as a basis for further research. 

Even though the studied companies are too few in order to draw any general conclusions, the 
findings conform to those presented by Thornton (2000) considering the level of maturity of 
KC practices in the aerospace industry compared to other industries. The study might 
however contribute with a possible reason for why the aerospace industry uses a more semi-
proactive KC practice; it has been shown that the industry standards themselves propose this 
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kind of approach, which probably makes it harder for companies within the industry to see 
the benefit of a fully proactive approach, or even to know that more proactive practices exist. 

8.6. Proposed Further Research 
This study had an initial intention of finding a supposed best practice for how a company in 
the aerospace industry should identify and handle KCs. But as the study progressed it became 
obvious it would be difficult to compare the efficiency and effectiveness of the different 
practices since the studied practices differ both in extent and scope. In order to accurately 
compare them one must study an entire product life-cycle so that the effects of proactive 
measures can be seen in its entirety. The most important future research following this study 
is therefore to find means to evaluate KC practices and find best practices for specific cases. 

Fundamentally, the concept of KCs is a means to communicate and handle the most critical 
characteristics of a product where variation issues might have an impact on customer 
satisfaction and should therefore, at least theoretically, be applicable when producing any type 
of product, including services. However, considering the limited amount of literature found 
within the subject and the fact that KCs are mentioned as a tool almost exclusively used in the 
automotive, military and aerospace industries, it seems as though the concept has not yet been 
commonly accepted. It would therefore be interesting to study how the concept works in other 
industries with other conditions, or even if it is applicable in service companies. 

A possible reason why the spread of the VRM concept still seems quite limited might be that 
there are several other, more commonly used, concepts for handling manufacturing variation 
during product development, such as Design for Six Sigma. Perhaps the integration of the KC 
concept with, for instance, Design for Six Sigma could strengthen both concepts and create an 
even more systematic methodology for reducing variation and creating more robust products. 
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APPENDIX A 

Case study interview guide – The use of KCs in product development at GKN Aerospace 
Sweden AB (In Swedish) 

Kundens input 
x Hur fastställer man vilka kundkrav, såväl uttalade som outtalade, som finns för en 

produkt som ska utvecklas? 
� Hur fastställer man andra kritiska krav på produkten som ska utvecklas? 

x Har kunderna redan identifierat KC i sina krav? 
� Är dessa KC redan klassificerade i olika nivåer (critical, major, significant)? 

� Är klassificeringen gjord på liknande sätt som den interna eller måste man 
”översätta”? 

Identifiering av KCs 
x Vilken metodkälla (ex. OMS, intern standard, kundstandard, egen erfarenhet) utgår ni 

ifrån när ni identifierar KC? 

x I vilken fas av projektet sker initiala identifieringen av KCs? 

x Hur omsätter man kundkrav på produkten till övergripande KC för produkten? 

x Gör man någon nedbrytning av de KC som kunden kommer med? 
� Använder man Flow-Down för att identifiera KC på olika nivåer? 

x Hur identifierar vi egna KC (d.v.s. KCs som inte är direkt relaterade till kundkraven)? 

x Vilka typer av egenskaper är det som normalt blir KC? (Geometriska, elektriska, 
material, mekaniska etc.)  

x Hur arbetar man för att identifiera KCs som har med flygsäkerhet att göra utan 
exempelvis producerbarhet, prestanda eller underhåll? 
� Om man inte gör det, hur tar man då in dessa perspektiv? 

� Hur gör man för att klassificera egenskaper som inte har med flygsäkerhet att göra? 

x Hur gör ni när ni klassificerar KC i olika nivåer (critical, major, significant)? 
� Vilken definition utgår ni ifrån när ni klassificerar KC (intern eller extern standard)? 

x Vilka roller/funktioner deltar i arbetet med att ta fram KC? 

x När och hur involveras tillverkning i produktutvecklingen?  

 



 
 

Utvärdering av KCs 
x Hur utvärderar man om en identifierad KC faktiskt ska vara KC även på ritningen? 

� När utvärderar man om de faktiskt är KC? 

� Vilka mätvärden ligger till grund för testerna då man avgör om en potentiell KC 
verkligen är en KC? 

x Tar man hänsyn till variation när man utvärderar KC? 
� Hur gör man för att ta hänsyn till variation? 

x Påverkar identifieringen av en KC designen av produkten? 
� Försöker man aktivt minska antalet KC genom att designa om produkten? 

Övriga frågor 
x Skiljer sig arbetssättet med KC beroende på vilken kund produkten utvecklas för? 

x Hur gör man för att bestämma toleransgränser för produktegenskaper? 

x Finns det någon inom GKN som följer upp produkterna i efterhand för att se om det 
blivit många defekter och om KC är rätt satta? 
� Gör kunden någon uppföljning av hur arbetet med KC gått? 

� Hur agerar kunden om de märker att arbetet med KC är bristande? 

x Brukar ni behöva ändra designen i efterhand (efter att produkten släppts för 
tillverkning) på grund av problem som uppstår i tillverkningen? 

x Vad kan bli bättre i arbetet med KC? 

x Upplever du att KC tillför något värde i ditt arbete att utveckla bra produkter?



 
 

APPENDIX B 

Case study interview guide – The use of KCs in manufacturing at GKN Aerospace Sweden 
AB (In Swedish) 

Allmänt 
x Vad är en KC enligt dig? 

x Vad har KC för syfte enligt dig? 

Identifieringen av KC i produktutvecklingsprocessen 
x Brukar ni vara involverade i identifieringen av KC i produktutvecklingsfasen? 

x Vad kan ni bidra med där? 

x Vid vilken fas brukar ni involveras? 

Hantering av KC när ritningen är kommer från konstruktion 
x Hur påverkar det ert arbete om det står i de ritningar som ni får från konstruktion att 

en egenskap är KC? 

x Spelar det någon roll för ert arbete om det står KEY, Major eller Critical i ritningarna? 

x Utvecklar ni egna KCs för produkterna? (Lägger ni till egna utöver de KCs som 
konstruktion specificerat eller omvandlar ni konstruktions KCs på något vis?) 

Mätning och analys 
x Hur hanteras mätvärdet för den enskilda produkten? 

x Var registreras mätningarna för KCs? 

x Analyseras (förklaring krävs) mätningarna av KC och i så fall hur? 

x Vem analyserar mätningarna av KC? 

x Vad används de analyserade mätningarna till? 

x Vad händer när ett Cpk-värde för en process blir för lågt? 

x Har ni någon processkontrollplan (enligt UTC-standarden avsnitt 5.1) för KC? 

x Hur ser en kontrollplan ut? (Visuellt) 

x Hur skiljer sig kontrollen av en KC gentemot en vanlig egenskap? 

x Hur sker den mer långsiktiga uppföljningen av hur man presterar vad det gäller KC? 



 
 

x Vem ansvarar för den uppföljningen? 

Avvikelser/defekter 
x Hur vanligt är det att KC hamnar utanför toleransgränserna? 

x Vad händer om en KC hamnar utanför toleransgränserna? 

x Hur går så kallad avvikelsehantering till? 

x Är det vanligt att konstruktion missar egenskaper som borde ha varit KCs? (Det vill 
säga att det är kritiskt att egenskaperna är inom toleransgränserna och att det finns en 
variation i den som borde övervakas) 

x Är det vanligt att det uppstår problem med konstruktionen efter det att produkten har 
börjat tillverkas? 
� Vad är det för typ av problem som uppstår med konstruktionen? 

� Hade dessa kunnat förebyggas? 

Rapportering 
x Skickas mätrapporter till kunden? 

x Vem hos kunden tar emot mätrapporter? 

x Hur skiljer sig arbetet för olika kunder vad det gäller rapportering av mätvärden, 
hantering av lågt Cpk etc.? 

x Gör kunden några ingrepp om processer inte levererar som de ska? 

Värderingar 
x Upplever du att KC underlättar ert arbete i tillverkning på något vis? (Exempelvis 

minimerar antalet defekter) 

x Upplever ni att er kunskap tas tillvara på när man utvecklar produkterna? 

x Vad kan bli bättre med arbetssättet kring KC?



 
 

APPENDIX C 

Benchmark interview guide – The KC-practices used at Saab Aerostructures and Volvo 
Construction Equipment (In Swedish) 

För att se till att vi har samma bild av KC 
x Vad är en KC för er? 

x Vad har en KC för syfte enligt er? 

Identifiering av nyckelegenskaper 
x Har kunderna redan identifierat KC i sina krav? 

x Hur identifierar ni vilka egenskaper som är kritiska för kunden? 
� Använder ni något speciellt verktyg vid identifieringen (ex FMECA)? 

x Hur identifierar ni vilka egenskaper som är kritiska för den interna produktionen? 

x Gör ni någon skillnad på de mått som är kritiska intern och de som är kritiska för 
kunden? 

x Gör ni någon nedbrytning av de KC som identifierats på en högre nivå för att se hur de 
påverkas av underliggande nivåer?  

x Har ni någon kategorisering av KC beroende på deras potentiella påverkan 
(exempelvis påverkan på säkerhet, producerbarhet, prestanda eller 
underhållsmässighet)? 
� Om ni inte gör det, hur tar man då in dessa perspektiv? 

x Hur ser en arbetsgrupp som tar fram KC ut, vilka roller/funktioner/avdelningar finns 
representerade? 
� Är dessa med under alla faser eller bara i vissa? 

Arbetet med KC efter att de identifierats 
x Gör ni någon ytterligare bedömning av om en egenskap verkligen bör vara KC? 

� Vilka underlag används för en sådan bedömning (ex. variationsdata och 
duglighetsdata från produktion, kostnadskalkyler för skrotning, etc.) 

x Jobbar ni aktivt för att minimera antalet KC? 
� Gör ni exempelvis designändringar (ex. ändrad toleranssättning)? 

� Gör ni förändringar i tillverkningsmetod? 

� Genomför ni förbättringar i tillverkningens duglighet? 



 
 

Hantering av KC i tillverkning 
x Hur påverkar det arbetet i tillverkning om det står i de ritningar som ni får från 

konstruktion att en egenskap är KC,  gentemot  om  den  hade  varit  en  ”vanlig”  
egenskap? 
� Hur påverkar det själva tillverkningen? 

� Hur påverkar det mätningen och kontrollen av produkterna? 

� Påverkas arbetet olika beroende på KCns klassning? 

x Används bara de KC som definierats i PDPn eller tar tillverkning fram egna när man 
får ritningen? 

x Ställs det några speciella krav på duglighet för processer som behandlar KC? 
� Vad händer när dugligheten för en process som behandlar KC blir för lågt? 

x Händer det något speciellt om en KC hamnar utanför toleransgränserna gentemot om 
en  ”vanlig”  egenskap  skulle göra det? 

x Kräver era kunder att ni rapporterar dugligheten på processer som behandlar KC? 
� Vad gör kunden om dugligheten på en sådan process blir för låg? 

x Genomförs det under tillverkning av en produktserie någon uppföljning av huruvida 
KC är rätt satta? (exempelvis så kan man ju ha KC där det inte behövs, eller sakna KC 
där det egentligen skulle behövas) 

Värderingar 
x Upplever ni att användandet av KC genererar något värde för er? 

x Upplever ni att användandet av KC gör att ni i slutändan levererar bättre produkter? 

x Upplever ni att arbetet med KC är prioriterat i organisationen? 

x Uppkommer det problem i produktionen som hade kunnat förebyggas med ett bättre 
arbetssätt kring KC? 
� Hur hade de kunnat förebyggas? 

x Finns det något som ni tycker kan bli bättre vad det gäller arbetssättet kring KC? 

x Finns det något som ni tycker fungerar bra vad det gäller arbetssättet kring KC? 

x Hur kommer det sig att ni arbetar med KC på det sätt ni gör? 

x Var det något i det arbetssätt som vi presenterade som ni reagerade på av någon 
anledning (något som ni inte sett förut, något som ni har ett annat arbetssätt för)? 


