
 
 

An Exponential Risk Assessment for Customer-Oriented FMEA 
 
 

 
 
 

by 
 

 
 

 
Panarpa Ardneam 

 
 
 
 

A thesis submitted in partial fulfillment of the requirements for the  
degree of Master of Engineering in 

Industrial and Manufacturing Engineering 
 
 

 
    

Examination Committee:  Dr. Pisut Koomsap (Chairperson)  
Dr. Huynh Trung Luong 
Assoc. Prof. Erik L.J. Bohez 
 
    
 
 

Nationality:  Thai 
Previous Degree:  Bachelor of Engineering in Industrial Engineering 

Kasetsart University 
Thailand 
   

Scholarship Donor:  Thailand (HM King) 
 
 
 

 
 

Asian Institute of Technology 
School of Engineering and Technology 

Thailand 
May 2016 



 

i 
 

An Exponential Risk Assessment for Customer-Oriented FMEA 
 
 

 
 
 

by 
 

 
 

 
Panarpa Ardneam 

 
 
 
 

A thesis submitted in partial fulfillment of the requirements for the  
degree of Master of Engineering in 

Industrial and Manufacturing Engineering 
 
 

 
    

Examination Committee:  Dr. Pisut Koomsap (Chairperson)  
Dr. Huynh Trung Luong 
Assoc. Prof. Erik L.J. Bohez 
 
    
 
 

Nationality:  Thai 
Previous Degree:  Bachelor of Engineering in Industrial Engineering 

Kasetsart University 
Thailand 
   

Scholarship Donor:  Thailand (HM King) 
 
 
 

 
 

Asian Institute of Technology 
School of Engineering and Technology 

Thailand 
May 2016 



ii 

ACKNOWLEDGEMENTS 

First and foremost, I would like to offer my sincerest gratitude to my advisor, Dr. Pisut 
Koomsap for supporting me on research, guidance, and encouragement. I have learned 
many things about how to do research and how to think. Also, I have learned how to 
survive in the high competitive society during stay in AIT such as in class room and 
research time. Also, I have learned how to fail that I have never faced this situation before. 
I have learned how to be the winner and the loser at the same time because we cannot 
always be the winner every time. However, I confidence that it can make me to be strong 
and survive when I go out and work in the real society that the competitions are higher than 
in AIT.  

Besides my advisor, my sincere thanks also go to my thesis committee, Dr. Huynh Trung 
Luong and Assoc.Prof. Erik L.J. Bohez, who gave valuable comment and generous 
suggestions. Dr. Natthavika Chansri, who was my advisor in Bachelor Degree at Kasetsart 
University Sri-Racha Campus, and who advised me to study in AIT. In addition, Dr. 
Thittikorn Phattanaphibul and Mr. Chirakiat Saithong, who were my teachers when I 
studied Bachelor Degree at Kasetsart University Sri-Racha Campus for supporting me to 
apply for studying in AIT.  

Furthermore, I would like to thank all staffs, secretaries, seniors, juniors, my friends, my 
family, and all of members in A-Cube research group for cheering me up and giving 
encouragement.  

Lastly, I would like to thank my scholarship donor, Royal Thai Government (RTG), who 
provided me an honor to receive His Majesty the King’s Scholarship for pursuing master’s 
degree. 

 

 

 

 



iii 

ABSTRACT 

Failure Mode and Effect Analysis (FMEA) is a manufacturing tool that widely uses in 
many industries to prevent potential failures. However, FMEA still has many drawbacks. 
For example, the different components produce the same RPN values. The relative weight 
is not considered between risk factors. Failures are prevented from manufacture’s 
viewpoint, but customers directly receive the effects. Thus, two customer-oriented FMEA 
models have been developed to involve customers in FMEA. However, these two models 
still have the problem about the duplicate RPN values and the relative weight of risk 
factors. Thus, further model improved dense necessary, and the new model of customer-
oriented FMEA has been proposed in this study. It is called exponential risk priority 
number for customer-oriented FMEA (ERPNc). In this model, risk factors are the 
exponential function that is powered by the relative weight ratio of risk factors. Also, the 
customer’s viewpoint is placed on the power of severity factor because the severity factor is 
higher hazard than other risk factors. Moreover, the relative weight of risk factors is 
evaluated and analyzed by pairwise comparison, the systematical way that makes the 
relative weight of risk factor more reliable. The product of pairwise comparison is the 
eigenvector weight that it will be used in consideration for risk assessment of the ERPNc 
model. Consequently, the frequency of duplicate RPN values is reduced in the ERPNc 
model. Also, the RPN values are more unique and more various than the previous models 
(RPNc and RPNnc) because of the specified position of the relative weight ratio. Thus, the 
priority order of failures is more reasonable and the prevention efficiency of failures is 
increased. 

To demonstrate, the ERPNc model has been applied in two case studies: the travel agent 
and the installation service for aluminum glass window.  

Keywords: FMEA, Customer Satisfaction, Customer Dissatisfaction, Customer-
Oriented FMEA, Exponential Risk Assessment, Exponential Risk Priority Number 
for Customer-Oriented FMEA 
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CHAPTER 1 
INTRODUCTION 

1.1 Background of study 

Failure Mode and Effects Analysis (FMEA) is a manufacturing tool for the avoidance of 
potential failure in design, process, and service (Kmenta et al, 1999) and is popularly used 
to improve quality, safety, and reliability. It helps selecting the high quality design 
alternatives and assists in developing criteria of production, assembly, and service. It also 
reviews failure of product and its prevention during design state. Its application covers the 
entire product development process. 

In new product development, FMEA has established several benefits in reduction and 
prevention of failure in the new design. Its application includes evaluation and 
identification of appropriate design to respond to customer requirement and specification at 
the early state by preventing failure of design and specification out of design (Yang, 2011). 
Furthermore, FMEA has its application in service domain wherein it analyzes process for 
maximum customer satisfaction (Chen, 2014). 

FMEA’s application is prevalent in many industries. For example, its application in 
medical industries has been advantageous to prevent failure of human error, equipment 
problem, and communication in medical laboratory process (Chiozza and Ponzetti, 2009). 
Additionally, it is also used in assembly process for automobile industries (Ford, 1988) and 
electronic industries (Chen, 2007). 

FMEA has three categories, consisting of: design FMEA, process FMEA, and service 
FMEA (Stoll, 1999). Design FMEA considers parts of product with the objective of 
correcting design at an early state in order to save cost and time. Process FMEA focuses on 
the aspects that are involved in manufacturing process, such as machines, utensils, 
operation stations, manufacturing processes, operators, measurement equipment, and so on. 
The target is the prevention and reduction of wrong process with the intention of 
maximizing productivity. Service FMEA concerns with equipment, manuals, and methods 
used in service to safeguard quality, thus, maximizing customer satisfaction. 

FMEA requires a team for the evaluation, analysis, and identification of potential failure. 

The team is selected according to their knowledge of the product for the benefit of 
brainstorming on the causes and effects of potential failure and corrective actions. The team 
has to identify the high risk area and take care of it to ensure a product of high quality, high 
safety, and high reliability. For example, the design of FMEA team may consist of process 
engineer and design engineer. When design engineers design product, process engineers 
can tell them which design can, or cannot, be produced. If FMEA team has just only design 
engineers, many potential failures may occur during production process. The diversity 
within FMEA team can improve analysis of different causes and effects since members are 
of various background. FMEA is also combined with other tools such as ANOVA, Fuzzy 
Logic, TQM, Grey Theory and so on (Sutrisno, 2011) to improve its quality and reliability. 
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Procedure of FMEA consists of three main actions, which are: problem recognition, risk 
assessment, and improvement (Seyed-Hosseini et al, 2006). Firstly, problem recognition is 
achieved through evaluation of parts or system, and understanding the regular function. It 
has crucial questions posed to find potential failures. For example, what is the key function 
of parts or system? What are the potential failure modes? Which parts or system fail to 
function? What is the effect of potential failure? What is the cause of potential failure? 
Also, what are the present counter-measures prepared to prevent the failure function? 
Secondly, risk assessment is for estimating the level of hazard of each potential failure that 
establishes a priority order of the potential failure. Risk factor is determined and evaluated 
through a risk score. Risk factors consist of three criteria, namely: severity, occurrence, and 
detection. The risk score has a scale from 1 to 10 that the risk score of 1 means low risk and 
the risk score of 10 means very high risk. Risk can be calculated by multiplying the risk 
scores of all three criteria, the product of which is called Risk Priority Number (RPN). 
Thirdly, improvement is prevention and reduction the effect of each failure. The potential 
failure that is higher RPN values will be firstly created corrective actions. Generally, 
corrective actions are derived from brainstorming of FMEA team or consideration of 
previous events. The FMEA team will select the appropriate corrective actions for solving 
causes of failure mode in order to mend the effects of potential failure. Consequently, the 
level of hazard in potential failure can be reduced after corrective actions have been done. 

1.2 Problem statement 

FMEA is popularly tools and widely implementation in many industries, but there are many 
shortcomings. For example, each risk factor of RPN has a score from 1 to 10. Thus, all 
possible product of RPN can be 1000 values, but there are only 120 unique RPN values 
about 12% as showed in figure 1.1 (Carmignani, 2009). The maximum number of duplicate 
RPN values is 24 times with three RPNs. The duplicate RPN values occur because the 
different combinations of RPNs produce the same RPN value. For example, the first RPN 
value is 54 consisting of severity, occurrence, and detection that are 9, 2, and 3 
respectively. Also, the second RPN value is 54, but the combinations are 3, 3, and 6 
respectively.  

Figure 1.1 Traditional RPN values 
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Consequently, both of RPNs are the same value. However, the second RPN has the effect 
more than the first RPN because the severity is higher. Thus, when RPN values are the 
same, it may have some different effects because of combinations (Wang et al., 2009). In 
addition, some RPN values may be underestimated or overestimated (Abdelgawad and 
Robison, 2010). For example, RPN values are 36 (S x O x D = 9 x 2 x 2) and 90 (S x O x D 
= 2 x 5 x 9). The higher RPN value has the lower hazard, but it is selected to prevent firstly. 
In the same way, the lower RPN value is not selected for prevention even though it has the 
higher hazard. 

Moreover, the relative weight of risk factors is not taken into consideration in RPN (Hu et 
al., 2009).  Each risk factor may be not equally importance in terms of risk. For example, 
the severity factor affects the hazard more than the detection factor. Thus, the relative 
weight of risk factors should be considered to identify the importance of each risk factor to 
increase the effective of risk assessment. 

However, generally, FMEA has been considered in manufacturer’s viewpoint, but 
customer’s viewpoint is also important. Customers directly receive the effect from failures 
of product. If failures frequently occur with customers, customers may stop using product 
that the effects will be turned to manufacturer. Thus, FMEA should be also considered in 
customer’s viewpoint. Shahin (2004) has changed consideration from manufacturer’s 
viewpoint to customer’s viewpoint by integrating customer’s viewpoint in FMEA. Shahin 
has offered that the severity of failure is the function of failure occurring, and the 
customer’s viewpoint is the power function of failure occurring. Consequently, customer-
oriented FMEA has generated. Moreover, customer-oriented FMEA has been improved by 
Charoenchokdilok (2015). The severity has depended on customer dissatisfaction that it has 
caused by occurrence and severity. For example, when failures occur, it may make 
customers dissatisfy. Also, the level of customer dissatisfaction depends on the severity 
level of failure. 

Figure 1.2 RPN values of the first model of customer-oriented FMEA 
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However, from integrating customer’s viewpoint in FMEA, both of customer-oriented 
FMEA models still have problems about the duplicate RPN values and the relative weight. 
The simulations of RPN values for customer-oriented FMEA models are showed in figure 
1.2 and 1.3. All possible combinations of RPNs are 4000 values with four factors consisting 
of severity, occurrence, detection, and customer attribute. The first model of customer-
oriented FMEA has simulated RPN values as showed in figure 1.2. The maximum number 
of duplicate RPN values is 180 times with two RPN values, and it has 165 unique RPN 
values about 4.13%.  Also, the second model of customer-oriented FMEA has also 
simulated RPN values as showed in figure 1.3. The maximum number of duplicate RPN 
values is 84 times with one RPN, and the unique RPN values are 423 values about 10.58%. 

Figure 1.3 RPN values of the second model of customer-oriented FMEA 

From simulations of RPN values for customer-oriented FMEA models, the percentages of 
unique RPN values are less than the traditional FMEA. Also, the frequency of the duplicate 
RPN values is higher than the traditional FMEA. Therefore, the problem about the 
duplicate RPN values also has in customer-oriented FMEA. Consequently, customer-
oriented FMEA should be considered and improved for the effective in risk assessment. 

In addition, from the problem about the relative weight, both of customer-oriented FMEA 
models also have this problem. For the first model, it did not consider the relative weight 
between risk factors that it should be considered. For the second model, it has considered 
the relative weight between risk factors, but the relative weight has given by FMEA team 
member that it may have some errors or biases by the intuition of FMEA team members. 
Thus, the relative weight should be evaluated with the effective tool that can be cross 
checked the reasonableness for the accurate weight analysis. Therefore, this thesis proposes 
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to develop the new model for customer-oriented FMEA to improve and solve the problem 
about the duplicate RPN values and consideration of the relative weight. 

1.3 Objective 

The objective of this thesis is to improve risk assessment of customer-oriented FMEA for 
increasing the reliability of relative weight analysis in each risk factor, and reducing the 
imprecise of consideration and prioritization for potential failures in customer-oriented 
FMEA. 

1.4 Addressed issues 
• How to identify and analyze the relative weight of each risk factor 
• Decreasing the duplicate RPN values of customer-oriented FMEA 
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CHAPTER 2 
LITERATURE REVIEW 

This chapter presents the reviews of related Failure Mode and Effects Analysis (FMEA), 
the relative weight of risk factors, the Risk Priority Number models, and customer-oriented 
FMEA models.  

2.1 Failure Mode and Effects Analysis (FMEA) 

Failure is an abnormal event. It can occur in every time with everything with every people. 
The same failure is clustered to be a failure mode. When the failure mode occurs on 
something, it affects the potential of that. Each effect has a different level of risk. No one 
wants to face with failure and effect of its. Thus, Failure Mode and Effects Analysis 
(FMEA) is conducted to prevent and reduce the failure in 1940s. Failure Mode and Effects 
Analysis (FMEA) is a manufacturing tool for the avoidance of potential failure in design, 
process, and service (Kmenta et al., 1999) and is popularly used to improve quality, safety, 
and reliability. Dhillon (2003) used many tools for performing reliability, and one of tools 
is FMEA.  In 1960s, Failure Mode and Effects Analysis (FMEA) applied in aerospace 
industry.  

The Failure Mode and Effects Analysis process has three main actions and it requires a 
team for the evaluation, analysis, and identification of potential failures. 

2.1.1 Problem recognition  

Problem recognition is achieved through evaluation of parts or system, and understanding 
the regular function. It has crucial questions posed to find potential failures. For example, 
what is the key function of parts or system? What are the potential failure modes? Which 
parts or systems fail to function? What is the effect of potential failure? What is the cause 
of potential failure? What are the present counter-measures prepared to prevent the failure 
function?  

2.1.2 Risk assessment 

Risk assessment is the estimating of the level of hazard in each potential failure then 
establishing a priority order of the potential failure. Risk factor is determined and evaluated 
through a risk score. Risk factors consist of three criteria, namely: severity, occurrence, and 
detection. The risk score has a scale from 1 to 10 such as table 2.1, 2.2, and 2.3 (Pillay and 
Wang, 2003). The risk score of 1 means low risk and the risk score of 10 means very high 
risk. Risk can be calculated by multiplying the risk scores of all three criteria, the product 
of which is called Risk Priority Number (RPN) such as equation 1. The risk of highest RPN 
score will be firstly considered to prevent the potential failure (Seyed-Hosseini et al., 
2006). 

 

           Risk Priority Number (RPN) = S x O x D                                (1) 
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Table 2.1 Traditional FMEA scale for severity (S) 

 

 

Table 2.2 Traditional FMEA scale for probability of occurrence (O) 

 

 

Table 2.3 Traditional FMEA scale for detectability (D) 

 

2.1.3 Improvement 

Improvement is prevention the potential failure by creating corrective actions and selection 
the most appropriate corrective action in each failure for reduction the risk. 
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2.1.4 Failure Mode and Effects Analysis (FMEA) procedure 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.1 Failure Mode and Effects Analysis (FMEA) worksheet (Stoll, 1999) 

Generally, Failure Mode and Effects Analysis (FMEA) is implemented and completed on 
worksheet. Each analyst, user, or company has own FMEA worksheet such as figure 2.1. 
There are 11 procedures in FMEA procedure. 

2.1.4.1 Function: determine the function of product, service, system, or equipment 
is going to analyze. 

2.1.4.2 Failure Modes: list of the potential failure mode in each function that can 
occur, but it may be not occur. Potential failure can be identified by history of the parts and 
experience of brainstorming of FMEA team. 

2.1.4.3 Effect (s) of failure: explain event or situation that people can observe it. 

2.1.4.4 Cause (s) of failure: list of causes in each failure mode. 

2.1.4.5 Current controls: list of prevention in each failure mode. 

2.1.4.6 Severity (S): evaluation the level of risk in each failure by severity score. 

2.1.4.7 Occurrence (O): evaluation likelihood in each failure that will occur by 
occurrence score. 

2.1.4.8 Detection (D): evaluation the capability of existing controls in detection of 
each failure by detection score. 

2.1.4.9 Risk Priority Number (RPN): calculation of RPN score by multiplying of 
severity score, occurrence score, and detection score. 
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2.1.4.10 Recommended Corrective Actions: find and create the corrective actions 
for solving the failure. 

2.1.4.11 Action Results: after finishing corrective actions, recalculation of RPN is 
conducted for measurement the result, and then compared the level of hazard between 
before and after.  

FMEA has three categories, consisting of: design FMEA, process FMEA, and service 
FMEA (Stoll, 1999). However, most of FMEA are used in product design and 
development. Design FMEA considers parts of product with the objective of correcting 
design at an early state in order to save cost and time. Eubanks et al. (1997) used Advance 
Failure Mode and Effects Analysis (AFMEA) in product design to avoid the incorrect 
product design, and make customers dissatisfaction at the early state. Furthermore, each 
product has many component parts. Kmenta and Ishii (1998) considered the compatibility 
of each part in product design about function to prevent failure by using the Advance 
Failure Mode and Effects Analysis (AFMEA).  

In addition, Process FMEA focuses on the manufacturing process for prevention and 
reduction in wrong process with the intention of maximizing productivity. Kmenta et al. 
(1999) apply the Advance Failure Mode and Effects Analysis (AFMEA) in production 
process to building efficient process and maximize productivity. Moreover, Ben-Daya and 
Raouf (1995) estimate the cost of FMEA by Gilchrist Model for improving quality in 
production phase for product or service. It can increase productivity of production.  

Furthermore, service FMEA concerns equipment, manuals, and methods use in service to 
safeguard quality, thus, maximizing customer satisfaction. Pujadas and Chen (1996) made a 
maintenance planning for maintain machine in normal condition to prevent a time losing 
such as breakdown time or maintenance without planning.  

However, the using of FMEA consumes time for analysis. Kennedy (1998) used Design of 
Experiment (DOE) to finding the appropriate number of experiments in FMEA for saving 
time. When FMEA is used for analysis failure, it needs to have information for analysis. 
The information can come from many resources, and it can certain and uncertain or 
competed and incomplete. Thus, Chin et al. (2009) developed the evidential reasoning (ER) 
approach for using the different type of information in FMEA.  

FMEA can be applied with many industries. For instance, in medical industry, the error is 
the most importance because of error can lead to hazard of patient life. Thus, FMEA is one 
of tools for prevention error and mistake. Van Leeuwen et al. (2009) applied FMEA in 
selection medicines by Near-Infrared analysis. Moreover, Abujudeh and Kaewlai (2009) 
used FMEA in radiology department for analysis the root cause of error. In medical 
laboratory, it has many processes. Thus, Chiozza and Ponzetti (2009) used FMEA for 
protection missing process, human error, equipment problems, and communication error in 
medical laboratory. For example, Ookalkar (2009) applied FMEA for improving 
hemodialysis process. De Giorgi et al. (2010) used FMEA for proactive failure mode with 
safety tools in paediatric and neonatal department. Also, Abike et al. (2010) used FMEA 
for analysis the risk of falls of newborn infants in hospital.  
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In addition, FMEA can apply for prevention and reducing failures and effects in other 
industries. Raj Sinha et al. (2004) used FMEA in aerospace supply chain in reducing rise of 
supplier. Varzakas and Arvanitoyannis applied FMEA in food industry for snack. Kumar et 
al. (2011) applied FMEA in Foundry. Moreover, Feili et al. (2013) used FMEA in 
geothermal power plants. Chen et al. (2008) applied FMEA in safety of inventories with 
radioactive materials. Qiang (2009) used FMEA for improving sales quality system.  

However, FMEA has many drawbacks (Chin et al., 2009). For example, the relative weight 
of risk factors is not considered in RPN that it may be not equal weight in term of severity. 
Also, many times, the different combinations of RPN produce the same RPN values that 
lead to confusion of FMEA team when they want to prevent potential failure. FMEA team 
may face the difficult situation for decision making selecting the appropriate failure. Thus, 
from these two problems, many researchers try to solve it that it will be showed in the next 
section. The problem about the relative weight of risk factors is shown in 2.2. Also, the 
problem about the duplicate RPN values is shown 2.3 by improving the new models of risk 
priority number or finding the new method to calculate RPN value. 

2.2 The relative weight of risk factors in FMEA 

For the traditional FMEA, the relative weight of risk factions is not considered in risk 
assessment that it is not equal weight in term of hazard. Chu and Hung (2014) simulated the 
difference between the relative important weights of risk factors that it affected with the 
consideration for prioritization in real situation. For example, if FMEA is applied in the 
geothermal power plants, the relative important weight of severity will be important than 
the relative important weight of occurrence. However, if FMEA is applied in the production 
line or manufacturing industry, the relative weight of occurrence may be important than the 
relative important weight of severity.  

In addition, fuzzy logic is the popularly tool that has applied in FMEA with many methods 
to evaluate the relative important weight for risk factors. To reduce the vague risk score, 
Chang et al. (1998) used fuzzy logic to evaluate the score of severity, occurrence, and 
detection to reduce the crisp of scores. After that, the grey theory is used to calculate the 
relative weight of each factor and potential failures are prioritized by the grey relation 
coefficient. Pillay and Wang (2003) applied fuzzy rules base and grey relation theory for 
risk assessment also. Fuzzy rules base is used to identify the value of each factor and the 
grey relation theory will be used to prioritize order of potential failure. However, the 
relative weight of risk factors is considered by the judgment of FMEA team that depends 
on the objective of analysis in each case. Moreover, Liu et al. (2011) proposed the fuzzy 
evidential reasoning approach and grey theory. The fuzzy evidential reasoning approach is 
used to evaluate the risk score, and grey theory is considered the relative important weight 
and then prioritized order of failures. Thus, the grey theory is the one of popular tools that 
is used for consideration the relative important weight of risk factors.  

Furthermore, Wang et al. (2009) applied fuzzy logic with the weight geometric mean 
(FMGW) to identify the risk scores and the relative important weight of risk factors. After 



11 

that, the prioritization of potential failures is arranged by Fuzzy RPN model. In addition, 
Chang and Cheng (2011) proposed the fuzzy ordered weighted averaging (OWG) and 
decision making trial and evaluation laboratory (DEMATEL) to analyze the relative weight 
between risk factors and then reprioritize order of potential failure to increasing more 
accurate for prevention failures respectively. Moreover, Mentes and Ozen (2015) proposed 
the hybrid risk analysis method to improve the analysis of relative weight by the ordered 
weighted geometric averaging (OWGA), and improve the priority order of risk assessment 
by using and the generalized mixture operators (GMOs).  

In addition, Carmignani (2009) proposed the new method that the risk factors are not 
considered only three factors, but the cost of each risk factor is integrated in risk 
assessment also by using Analytic Hierarchy Process (AHP). The relative weight of all 
factors is considered. After that, the prioritization of potential failure is calculated by new 
equation bases on AHP method. However, the score of criteria in AHP may have some 
crisps. Thus, to increasing the precise number, the fuzzy Analytic Hierarchy Process is 
proposed to identify the score of relationship between risk factors. Thus, the relative weight 
is also added in consideration of risk factors to prioritization of FMEA (Hu et al., 2009). 
Moreover, Xiao et al. (2011) generated the new Risk Priority Number that integrates the 
relative weight of risk factors in calculation of RPN. 

Moreover, Kutlu and Ekmekcioglu (2012) applied fuzzy TOPSIS and fuzzy AHP for risk 
assessment. The fuzzy TOPSIS is multi-decision making for many criteria. It is used to 
evaluates the score of risk factors and calculate RPN values for prioritization, but fuzzy 
AHP is used to analyze the relative weight of risk factors by pairwise comparison to 
identification the importance of each risk factor. In addition, Liu et al. (2015) developed the 
intuitionistic fuzzy hybrid weight TOPSIS approach that the relative weight of risk factors 
is considered in term of subjective weight and objective weight that the subjective weight is 
evaluated by experts from fuzzy linguistic table and the objective weight is evaluated by the 
ordered weight of risk factors. After that, the intuitionistic fuzzy hybrid weight TOPSIS 
calculates the relative closeness coefficients of potential failure for prioritization potential 
failures.  

2.3 The Risk Priority Number models 

The traditional RPN model produces many duplicate RPN values with different 
components. Thus, many researchers try to solve the problem with many methods. Bowles 
and Pelaez (1995) used fuzzy logic to create the appropriate risk score for three factors 
consisting of severity score, occurrence score, and detection score that it makes the priority 
order of potential failures is clearer than the traditional RPN because some ambiguous 
RPNs make the efficiency of prevention is reduced. Also, Ravi Sankar and Prabhu (2001) 

generated the new scale of FMEA by ranking of all possible combinations from 1 to 1000 
to eliminate the duplicate RPN values that the higher priority is higher hazard. Puente et al. 
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(2002) used the qualitative rules to prioritize the potential failures by classification the 
interval of RPN values for identification the score of each risk factor for evaluation and 
calculation RPN values. In addition, Chang et al. (2001) applied the grey theory with 
FMEA to prioritization by grey relation coefficient that it has more various RPN values. 
Also, Braglia (2003) useed fuzzy TOPSIS to priority order of potential failure to make RPN 
values is more distributed.  

Furthermore, Chen (2007) introduced the relative weight between corrective action and 
corrective action in consideration that it generates the new risk priority number namely 
Utility Priority Number (UPN). Von Ahsen (2008) improved the RPN equation by 
increasing consideration of cost in risk assessment. Moreover, Chang and Sun (2009) 
applied the data envelopment analysis (DEA) with FMEA for reprioritize order of potential 
failures. Also, Chin et al. (2009) used the data envelopment analysis (DEA) to measure the 
risk of FMEA with maximum risk and minimum risk, and then prioritization is arranged by 
the geometrically average. 

In addition, the new model of FMEA has proposed namely a group-based evidential 
reasoning approach that it is used to consider risk assessment when it has the different 
information from FMEA team member (Chin et al., 2009). Also, Chang (2009) considered 
the direct/indirect relationship with hazard between component and system by combining 
the ordered weighted geometric averaging (OWGA) operator and the decision-making trial 
and evaluation laboratory (DEMATEL) for prioritization potential failure in FMEA with 
the exponential weight model. Chang et al. (2014) used the exponential approach to 
generate the new equation of RPN for reduction the duplicate RPN values to get rid of the 
vague in consideration risk of potential failure in FMEA. In addition, the fuzzy risk priority 
order has generated the new equation by exponential function (Zhou and Thai, 2016). 

Furthermore, Chang and Cheng (2010) applied the intuitionistic fuzzy set and decision 
making trial and evaluation laboratory (DEMATEL) for risk assessment in FMEA. The 
intuitionistic fuzzy set is used to evaluate the score of risk factor and the decision making 
trial and evaluation laboratory (DEMATEL) is used to priority order of potential failure. 
Also, Chang (2015) proposed the traditional FMEA cannot consider the incomplete or 
imprecise information. Therefore, the soft TOPSIS approach is generated to calculate the 
new priority order of failures when it has inadequate information. 

In addition, Chang et al. (2010) proposed the new approach that is intuitionistic fuzzy set to 
reprioritization of FMECA for reduction the duplicate RPN values. Liu et al. (2013) 
developed an intuitionistic fuzzy hybrid weight Euclidean distance (IFHWED) operator to 
use evaluation potential failures when it has many experts in risk assessment because it 
may have many different data need to aggregate in consideration for the effective of risk 
assessment. This method combines the intuitionistic fuzzy set (IFS) and Euclidean distance 
theory together.   
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Moreover, many methods are applied in FMEA to reprioritize failure for reduction the 
duplicate RPN values. For example, Chang and Wen (2010) offered the new method that 
combines the 2-tuple approach and the ordered weighted averaging (OWA) operator for 
prioritization of failures when some information is for missing. Geum et al. (2011) 
presented the specific attribute of service in FMEA to evaluate risk and calculate the risk 
priority number by grey relation analysis approach. In addition, Sharma K. and Sharma P 
(2012) generated the new FMEA model for qualitative information base on fuzzy logic and 
grey relation analysis to prioritization of failures. Moreover, Chen Liu et al. (2012) used the 
VIKOR process to analyze and prioritize the potential failures, but each score/each relative 
weight of risk factors is evaluated from fuzzy logic (Lin et al., 2014).  

Furthermore, Braglia (2000) proposed the multi-attribute failure mode analysis (MAFMA) 
that identifies the relative weight of risk factors by Analytic Hierarchy Process (AHP) and 
then prioritize order of potential failure is calculated by multiplying the weight of risk 
factor in every level. In addition, Chang (2016) improved RPN model by generalized multi-
attribute failure mode analysis (GMAFMA) that developed from MAFMA by combining 
two methods consisting of multi-attribute failure mode analysis (MAFMA) and 2-tuple 
linguistic representation model. The multi-attribute failure mode analysis (MAFMA) will 
evaluate the relationship between risk factors and then 2-tuple linguistic representation 
model manages the linguistic information by a pair of values. Furthermore, Abdelgawad 
and Fayek (2010) used fuzzy FMEA to evaluate severity score, occurrence score, and 
detection score, and then uses fuzzy AHP to evaluate other scores of  factors that affect the 
risk assessment such as time, cost, and quality impact. After that, the risk priority number is 
calculated by AHP software. 

2.4 Customer-oriented FMEA 

Generally, FMEA has considered from viewpoint of manufacture, but customers directly 
receive the effect of failures. Thus, customers should be involved in FMEA. Shahin (2004) 
has changed consideration from the viewpoint of manufacturer to the viewpoint of 
customer to prevent customer dissatisfaction. If product/service has many failures or many 
defects, customers will dissatisfy. Also, if customer dissatisfaction is increased, customers 
may stop using the product/service. Thus, for remaining customers, customer satisfaction 
should be remained or increased. Customer satisfaction can be classified by product 
attribute of Kano’s Model as showed in figure 2.1. Tan&Shen (2000) has offered the 
customer satisfaction model that is represented in equation 1. Customer satisfaction (S) is 
the function of product performance (P) power product attribute (K), and C is constant 
value. 

�������� �
����
���� (�) = ���    (1) 
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��������� = ���      (2) 

���� = ��� = (���)OD = �����    (3) 

Consequently, from customer satisfaction model, Shahin (2004) has integrated the 
viewpoint of customer in FMEA that the severity function is similarly the customer 
satisfaction model. Customer satisfaction is represented by severity. Product performance is 
represented by occurrence. Also, product attribute is represented by the viewpoint of 
customer by the power of occurrence. The constant is represented by detection. 
Consequently, the severity function is shown in equation 2. Thus, customer-oriented FMEA 
is generated as in equation 3.   

 

 

 

 

 

Figure 2.2 Kano’s model 

The viewpoint of customer for customer-oriented FMEA has brought out from the 
classified attribute of Kano’s model that converts to the reverse Kano’s model as showed in 
figure 2.2. The reverse Kano’s model classifies the customer dissatisfaction consist of three 
main groups such as reverse must-be attribute, reverse one-dimension attribute, and reverse 
attractive attribute.  

 

 

 

 

 

Figure 2.3 Reverse-Kano’s model (Charoenchokdilok, 2015) 
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For reverse must-be attribute, it is the regular function of product that the product must 
have these attributes. If product/service does not have these attributes, customers will be 
very dissatisfied. For reverse one-dimension attribute, it is not willing attribute of 
customers. If it has these attributes in product/service, customers may be/may be not 
dissatisfied. For reverse attractive attribute, if product has these attributes, customer may be 
satisfied. For example, if it is failures, the severity of these failures may be less until 
customers do not care. In addition, each reverse attribute is represented by K values. K 
values have 4 values consisting of 2, 1, 0, and -1 that are reverse must-be attribute, reverse 
one-dimension attribute, reverse indifferent, and reverse attractive attribute respectively. 

However, customer-oriented FMEA is improved by Charoenchokdilok (2015) that 
interested in customer dissatisfaction. Customer dissatisfaction causes occurrence and 
severity. When failures occur, it will make customers dissatisfy and the level of customer 
dissatisfaction depends on the level of severity. For example, one failure rarely occurs, but 
if it occurs, the severity is very high. However, some failures occur every day, but the 
severity is very low. Thus, the function of customer dissatisfaction is represented in 
equation 4. Furthermore, when the failure occurs, it means the system cannot detection the 
failure. Thus, detection also causes of customer dissatisfaction. Consequently, customer 
dissatisfaction of detection can be showed in equation 5. Therefore, the improved 
customer-oriented FMEA is created by integrated customer dissatisfaction in FMEA as 
showed in equation 6. 

�������� ����
����
���� (!) = "#���  (4) 

�������� ����
����
���� (!) = "$�   (5) 

���%� = ��� = "#"$����    (6) 

From the two previous models of customer-oriented FMEA, even FMEA has changed the 
viewpoint of manufacturer to viewpoint of customer, both of customer-oriented FMEA 
models still have problems about the duplicate numbers of RPN values and the relative 
weight of risk factors. Thus, both models should be improved by reduction the duplicate 
RPN values and consideration the relative weight of risk factors to the efficiency of 
customer-oriented FMEA models. Therefore, from analysis the relative weight of many 
researchers, it leads to the analysis of the relative weight for customer-oriented FMEA by 
using the eigenvector weight from pairwise comparison. Moreover, the duplicated RPN 
values will be reduced by the exponential function that gives more unique RPN values for 
customer-oriented FMEA. Thus, the new model of customer-oriented FMEA is shown in 
chapter 3. 
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CHAPTER 3 
METHODOLOGY 

This chapter presents improvement of customer-oriented FMEA, there are two main 
proposes. Firstly, the duplicate RPN values should be reduced to eliminate the imprecise of 
consideration for risk assessment. Secondly, the relative weight should be also considered 
with the systematic way to increase the reliability of weight analysis. 

3.1 Improving customer-oriented FMEA model 

Customers are who has been received the impact of failures when failures occur with 
product/service. Thus, customer’s viewpoint should be integrated in FMEA. There are two 
models of customer-oriented FMEA by Shahin (2004) and Charoenchokdilok (2015) as 
showed in equation 3.1 and equation 3.2 respectively.  

                                                 ���& = �����        (3.1) 

                                              	���'& � "#"$���
�     (3.2) 

Where "#
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 respectively, and "-, "/, 
�(	"0 are the relative weight 

of severity, occurrence, and detection. 

Figure 3.1 RPN values of Customer-Oriented FMEA with two models 

From equation 3.1 and 3.2, all of the possible RPN values of both models have shown in 
figure 3.1. The unique RPN numbers of both models are 165 and 423 or 4.13% and 10.58% 
respectively. The frequency of duplicate RPN values of first model is very high, and the 
maximum is about 180 times with two RPN values. Also, for the second model, the 
frequency of duplicate RPN values is less than the first model, but it is still high about 84 
times for the maximum number with one RPN value. Consequently, it makes FMEA team 
faces the difficult decision when RPNs have the same value. FMEA team may make the 
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wrong decision for prevention failures. For example, FMEA team may select some failures 
that they have the lower hidden hazard to prevent firstly, but other failures that they have 
the higher hidden hazard are not prevented. Therefore, the new model of risk assessment 
for customer-oriented FMEA has been proposed by the exponential function in this study. 
It has called the exponential risk priority number (ERPNc) as showed in equation 3.3. 

                                 1���& = �
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= 	 ���)34�)54    (3.3) 

Where W7,W8, and	W< are the relative weight of severity, occurrence, and detection 

respectively. Also, the relative weight ratio are W=> �
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	and	WB> �	
?C

?A

. 

 

Figure 3.2 Comparison RPN values of three models 

From equation 3.3, the new model has simulated RPN values to compare with two previous 
models as showed in figure 3.2. The result has shown that the unique RPN values are 
increased from 165 and 423 to 2049 about 4.13% and 10.58% to 51.13%, and the 
maximum frequency of duplicate RPN values has reduced from 180 times and 84 times to 
18 times as showed in table 3.1.  

Table 3.1 Comparison amount the risk assessment models 

 

Max. Average STDEV Number of %Number of 
Frequency Frequency Frequency Unique RPN Unique RPN

1 Traditional RPN 24 8.33 5.91 120 12.00 1.00 1000.00
2 RPNc 180 24.24 35.43 165 4.13 1.00 100000.00
3 RPNnc without weight 84 10.90 16.29 367 9.18 0.10 10000.00
4 RPNnc with weight 84 9.46 15.41 423 10.58 0.05 5468.75
5 ERPNnc without weight 84 10.90 16.29 367 9.18 0.10 10000.00
6 ERPNnc with weight 18 1.95 2.76 2049 51.23 0.10 3162.28

No. Model Minimum Maximum
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From the frequency of duplicated RPN values between the RPNnc model and the ERPNc 
model, it is quite different. Thus, the RPN values of these two models have been simulated 
with difference K values to observe the frequency of duplicate RPN values as showed in 
figure 3.3. 

Figure 3.3 RPN values between the RPNnc model and the ERPNc model  
with different K values 

Table 3.2 The unique RPN values between the RPNnc model and the ERPNc model 

 

From figure 3.3, the graph has shown both of two models have the same trend when the K 
values are the same value, but the result of the ERPNc model is better than the RPNnc 
model because ERPNc model has more unique RPN values than the RPNnc model. For 
example, at K = 2, the ERPNc model has 974 unique RPN values or 97.4 %, but the RPNnc 
model has 262 unique RPN values or 26.2% as showed in table 3.2. Also, the frequency of 

RPNnc Unique RPN values %Unique RPN values Max.Frequency
K=2 262 26.2 12
K=1 120 12 24
K=0 42 4.2 40
K=-1 200 20 34

ERPNc Unique RPN values %Unique RPN values Max.Frequency
K=2 974 97.4 3
K=1 944 94.4 3
K=0 99 9.9 10
K=-1 556 55.6 7
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duplicate number of the ERPNc model is less than the RPNnc model. For example, at K=0, 
the ERPNc model has the maximum frequency is only 10 times, but the RPNnc model has 
the maximum frequency is 40 times. Consequently, if the ERPNc model is used for risk 
assessment, it makes FMEA team reduces the vague in prioritization of failures because of 
the various unique RPN values. 

Moreover, the exponential risk priority number for customer-oriented FMEA (ERPNc) can 
express the previous models. For example, if the relative weight and customer attribute are 
not considered in risk assessment, the model will be the same with the traditional RPN as 
showed in equation 3.4.  

                           D�
(�����
E ��� =  ���)34�)54 =  �( )�( )�( ) = ���   (3.4) 

In addition, the ERPNc and the RPNnc will be the same model if the relative weights are 
not considered in models as showed in equation 3.5. 

                           1��� = ���� =  ���)34�)54 =  ���( )�( ) = ����   (3.5) 

Moreover, the ERPNc is similarly RPNnc model, but the difference is the position of the 
relative weights. For RPNnc model, the relative weights are multiplied with risk factors, 
but the relative weight of ERPNc are the power function of each risk factor that it is more 
specified. The relative weight should be more specified position because each the relative 
weight is not equally important in term of risk. Therefore, if the relative weight is more 
specified with its risk factor, it makes risk assessment has more effective. 

3.2 Improving how to identify the relative weight 

Risk assessment of FMEA, each risk factor should be considered the relative weight 
because each risk factor is not equally important in term of risk. Also, in each real situation, 
the relative weight is different (Chu and Hung, 2014). Thus, customer-oriented FMEA 
should consider the relative weight of each factor also. For first model, customer-oriented 
FMEA did not consider the relative weight, but the second model has considered the 
relative weight by FMEA team members that it may have some errors or biases in intuition 
of each person. Thus, the matrix of pairwise comparison method in Analytic Hierarchy 
Process (AHP) has been applied for analyzing the relative weight of risk factors for the new 
model of customer-oriented FMEA. 

The matrix of pairwise comparison is used to identify the relation of each risk factor to be 
the eigenvector weight. There are three steps consisting of identifying relation score, weight 
calculation, and checking of the inconsistency ratio (Saaty, 1980). First, each risk factor 
will be evaluated the relation score in each other by the relation score in table A.1 of 
appendix A. Second, the weight will be calculated by the power matrix until the error of 
eigenvector weight is less than 0.01. Also, the sum of eigenvector weight should be equal 
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one. Third, the inconsistency ratio will be checked by equation A1 and A2 in appendix A. 
If the inconsistency ratio is less than or equal 0.1, the eigenvector weight can use in 
consideration for risk assessment.  

Moreover, the eigenvector weight is more reliable than the relative weight that is given by 
FMEA team because the eigenvector weight has passed the pairwise comparison process 
before it will be the relative weight of each risk factor. However, for the given weight, it 
will be the relative weight of each risk factor after judgment of FMEA team immediately. 
Thus, if the relative weights are wrong or inconsistency in each other, FMEA team cannot 
know. Consequently, FMEA team may prevent with wrong failures. 

Furthermore, the pairwise comparison process can cross check the relation score that is 
given by FMEA team. Generally, the relative weight of severity is higher than the relative 
weight of occurrence. Also, the relative weight of detection is lower than the relative 
weight of occurrence (Ravi Sankar&Prabhu, 2001). Therefore, for example, after finishing 
pairwise comparison process, if the eigenvector weights of occurrence or detection are 
higher than the eigenvector weight of severity, it shows that FMEA team is wrong in 
consideration the relation score of risk factors. In the same way, the inconsistency ratio of 
the pairwise comparison process has been checked the reasonableness of relation score. 
Thus, if inconsistency ratio is over 0.1, the relation score is not reasonable. 

In addition, the eigenvector weight has the suitable gaps of the relative weight between risk 
factors that it will clarify the importance of each risk factor clearly. For example, FMEA 
team gives the relative weight by themselves. FMEA team can identify various of the 
relative weights, but FMEA team may confuse which relative weights are the most suitable 
in consideration for risk assessment. However, if FMEA team uses the eigenvector weight, 
the pairwise comparison process helps FMEA team to identify the suitable gaps between 
risk factors for each eigenvector weight. Consequently, the efficiency of risk assessment 
will be increased such more accurate and more reasonable. 
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CHAPTER 4 
IMPLEMENTATION 

This chapter presents comparison the exponential risk priority number (ERPNc) for 
customer-oriented FMEA with two previous models by two case studies consisting of 
travel agent and installation service for aluminum glass window. 

4.1 Case study 1: a travel agent  

In this case, the purpose is comparison the working of models between the first model and 
the new model. The data has brought from the previous researcher who generated the first 
model of customer-oriented FMEA to compare with the new model for customer-oriented 
FMEA. The first model of customer-oriented FMEA has applied with full option as showed 
in equation 4.1, but the new model for customer-oriented FMEA has applied without 
consideration the relative weight of risk factors as showed in equation 4.2.  

                                                 ���& = �����            (4.1) 

                                               1���& = ���)34�)54 = ���( )�( )      (4.2) 

The travel agent wanted to improve the ticket services. Thus, the travel agent asked 30 
potential passengers about feeling when the failures occurred with ticket services. There 
were top-ten important failures that were listed as showed table 4.1. 

Table 4.1 The top-ten important failures (Shahin, 2004) 

 

From table 4.1, two models of customer-oriented FMEA have been applied with data of 
travel agent, and then compared the results as showed table 4.2. As a result, the 
prioritizations of two models are different. The ERPNc model can reflect customer’s 
viewpoint more than the RPNc model. For example, for ERPNc model, the first priority is 
failure number 9 (contact personnel do not have good behaviour), but for RPNc model, the 
first priority is failure number 6 (personnel do not solve customers' problems). In 

No. Failures
1 Inaccurate reservations
2 Delay in serving customers
3 Personnel do not speak well
4 The appearance of the personnel is not in a clean and neat condition
5 Personnel do not listen to the customers
6 Personnel do not solve customers' problems
7 IDD is not avaliable
8 The interior appearance of the agent is not in a cleaned nest condition
9 Contact personnel do not have good behaviour
10 Personnel do not provide appropriate information about hotel and tour guides
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customer’s viewpoint, failure number 9 (K=2) is higher important than failure number 6 
(K=1). Thus, the ERPNc models can prevent customer dissatisfaction better than the RPNc 
model.  

Table 4.2 Comparison between RPNc and ERPNc 

 

In addition, the ERPNc models can identify the important failure better than the RPNc 
model. For example, failure number 1 (inaccurate reservations) and failure number 9 
(contact personnel do not have good behavior) that have the same scores of occurrence, 
detection, and customer attribute, but the severity scores are different. For the RPNc 
models, these failures are the same RPN value with the same priority, but for the ERPNc 
models, these failures are different priority. The failure number 9 (contact personnel do not 
have good behavior) is higher priority than the failure number 1 (inaccurate reservations) 
because the severity score of failure number 9 (S=9) is higher than failure number 6 (S=8). 
Thus, the result shows the ERPNc can reduce the vague prioritization when RPNs are the 
same value more than the RPNc model. 

 

 

 

RPNc ERPNnc RPNc ERPNnc
1 Inaccurate reservations 7 2 3 2 72 294 4 2
3 Personnel do not speak well 5 2 2 2 32 100 6 4

5
Personnel do not listen to the 
customers 6 3 2 2 108 216 2 3

9
Contact personnel do not 
have good behaviour 8 2 3 2 72 384 4 1

2 Delay in serving customers 5 3 3 1 81 45 3 6

4

The appearance of the 
personnel is not in a clean and 
neat condition 7 2 2 1 16 28 7 7

6
Personnel do not solve 
customers' problems 8 4 3 1 144 96 1 5

7 IDD is not avaliable 2 3 2 0 12 6 8 8

8

The interior appearance of 
the agent is not in a cleaned 
nest condition 5 3 2 0 12 6 8 8

10

Personnel do not provide 
appropriate information about 
hotel and tour guides 4 2 2 -1 4 1 10 10

Value Priority
No. Failures S O D K
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4.2 Case study 2: Installation service for aluminum glass windows 

 

 

 

 

 

 

 

 

 

Figure 4.1 Aluminum glass windows  

This case is conducted to compare two main issues consisting of the new model of 
customer-oriented FMEA and how to identify the relative weight of risk factors. For 
comparison of model, it is compared between the second model and the new model of 
customer-oriented FMEA. The second model of customer-oriented FMEA is showed in 
equation 4.3, and the new model for customer-oriented FMEA is showed in equation 4.4.  

                                                   	���'& � "#"$���
�      (4.3) 

                                                   1���& � ���)34�)54     (4.4) 

For comparison of identification the relative weight, it has come from two methods 
consisting of the judgment of FMEA team and the pairwise comparison for eigenvector 
weight. The relative weight of FMEA team is 0.4, 0.35, and 0.25 that are the relative 
weight of severity, occurrence, and detection respectively. Also, the relative weight of 
eigenvector is 0.7306, 0.1884, and 0.0810 that are the relative weight of severity, 
occurrence, and detection respectively. The calculation of eigenvector weight is showed in 
appendix B. Thus, in this case, it has four sub-cases in comparison, as follow: 

(1) The RPNnc model with given weight and with eigenvector weight 
(2) The ERPNc model with given weight and with eigenvector weight 
(3) The given weight with the RPNnc model and with the ERPNc model 
(4) The eigenvector weight with the RPNnc model and with the ERPNc model 
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Installation service for aluminum glass windows is awareness in customer service to avoid 
customer dissatisfaction for improvement service. There are 23 procedures starting from 
contact with customers to delivery service to customers. The list of potential cause is shown 
in table 4.3. 

Table 4.3 The list of potential cause of installation service for aluminum glass window 
(Charoenchokdilok, 2015) 

 

 4.2.1 Comparison the RPNnc model with difference weight  

This part presents comparison the second model of customer-oriented FMEA (RPNnc) 
between given weight and eigenvector weight as showed in table 4.4.  

No. Activity Potential Failure
1 Customer contacts The human relations of employees are not good
2 Make appointment (through phone) with customer for site 

visit.
Customers need to wait for making an appointment with company to 
visit the site.

3 Organize a technicians team to do measurements in the site Customers need to wait for technician of company for measurements 
at the site on the appointed date.

4 To measure the working site (decide a design with 
customer + spec of product)

Company cannot make the customers requirement

5 Draw a sample of window style on the paper Customers need to wait for the drawing of window style.
6 Calculations of drawing/design to evaluate the price Customers have to wait to bid.
7 Offers drawing and prices The sample drawing of the  proposed  window style is 

incomprehensible to customer
8 Setting appointment for the work Customers need to wait for making an appointment with company to 

start working.
9 Organize an Installation Team Customers have to wait for the Installation Team of company to start 

working at the work site on the appointment date.
10 Company calculates availability of materials by size and 

volume 
Customers need to wait for the purchasing materials of company such 
as aluminum, glass.

11 The Installation Team cut aluminum and glass following the 
size and assembly requirement.

Customers need to wait for assembly the window frame for installation.

12 Transportation of materials to work site; preparation to 
start installation.

Installation Team carrying materials or devices bump against appliance 
in customer's house causing damage. 

13 Installation Team prepares for the installation of aluminum 
frame by measuring the rectangular cement frame

Installation Team wears shoes when climbing on the table or chair of 
customer, and resulting to dirtied or damaged furniture.

14 Drill on cement wall for aluminum frame to latch on Installation Team cracks the cement wall or tiles being drilled 
15 Insert plastic plug and bolts to attach aluminum frames with 

the cement wall
 A bolt protruding from the aluminum frame. (Does not affect the use, 
but does not look good).

16 Install aluminium window in aluminum frame. Wall of customers house is dirtied by technicians. 
17 Install the aluminum caster Caster cannot easily slide along the aluminium window (non-smooth).
18 Take  DAP (Acrylic Latex Caulk) along the edge of the 

aluminum frame
DAP messes the aluminum frame (Stained cement walls / floor) or 
DAP lumps resulting to not flat surface

19 Cleaning of aluminum Aluminum is dirty or scratched
20 Cleaning of glass Glass is not clean or scratched by the ring or the staff's shirt buttons.
21 Cleaning the working area  The working area is not clean such as having fag ends/cigarette filters 

at the floor.
22 Checking the installed aluminium window and other work Inspection Team makes the customer's home dirty such as wearing the 

shoes into the house.
23 Delivered to customers The human relations of employees are not good
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Table 4.4 Comparison the RPNnc model with difference weight 

 

From table 4.4, the result shows the different way for identification the relative weight does 
not affect with priority order of potential cause for the RPNnc model. Both of the relative 
weights are effective to reflex customer’s viewpoint in the RPNnc model. Potential causes 
are prevented from the effect that makes customers are very dissatisfy to the effect that 
makes customers are less dissatisfy. 

4.2.2 Comparison the ERPNc model with difference weight  

This part presents comparison the exponential risk priority number for customer-oriented 
FMEA (ERPNc) between given weight and eigenvector weight as showed in table 4.5 

 

 

Cause S O D K
RPNnc with 
given weight

RPNnc with 
eigenvector weight

Priority with 
given weight

Priority with 
eigenvector weight

1 10 3 9 2 1476.56 77.19 4 4
12 10 5 8 2 2187.50 114.36 2 2
14 10 6 8 2 2625.00 137.23 1 1
18 10 2 9 2 984.38 51.46 5 5
23 10 3 10 2 1640.63 85.77 3 3
13 10 1 9 1 49.22 2.57 9 9
17 10 2 9 1 98.44 5.15 7 7
19 10 4 9 1 196.88 10.29 6 6
22 10 1 10 1 54.69 2.86 8 8
4 10 4 10 0 21.88 1.14 12 12
5 5 8 3 0 13.13 0.69 17 17
6 5 10 3 0 16.41 0.86 15 15
7 5 2 6 0 6.56 0.34 20 20
8 8 8 2 0 8.75 0.46 18 18
9 2 7 2 0 7.66 0.40 19 19
10 5 8 5 0 21.88 1.14 12 12
11 5 9 5 0 24.61 1.29 11 11
15 9 3 9 0 14.77 0.77 16 16
16 10 6 9 0 29.53 1.54 10 10
21 10 4 9 0 19.69 1.03 14 14
2 5 9 2 -1 1.97 0.10 21 21
3 5 9 2 -1 1.97 0.10 21 21
20 10 4 9 -1 1.97 0.10 21 21
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Table 4.5 Comparison the ERPNc model with difference weight 

 

From table 4.5, the result shows the different way for identification the relative weight of 
risk factors affects with priority order of potential causes for the ERPNc model when 
customer attribute is reverse indifferent attribute (K=0). The severity score and customer 
attribute are reduced importance, but occurrence score, detection score, and their relative 
weight are playing an important role in priority order of potential causes as showed in 
equation 4.5.  

                           1���& = ���)34�)54 =  �(F)�)34�)54 = �)34�)54  (4.5) 

From the results, both priorities are quite fluctuated. Which scores and which relative 
weight have more effect. It will be the higher priority that should be prevented firstly. 

 

Cause S O D K
RPNnc with 
given weight

RPNnc with 
eigenvector 

weight

Priority with 
given weight

Priority with 
eigenvector 

weight
1 10 3 9 2 254.42 146.95 4 4
12 10 5 8 2 295.40 160.26 2 2
14 10 6 8 2 314.87 165.86 1 1
18 10 2 9 2 220.76 136.15 5 5
23 10 3 10 2 261.21 148.21 3 3
13 10 1 9 1 17.32 11.95 9 9
17 10 2 9 1 22.08 13.61 7 7
19 10 4 9 1 28.14 15.51 6 6
22 10 1 10 1 17.78 12.05 8 8
4 10 4 10 0 2.89 1.56 14 16
5 5 8 3 0 2.72 1.62 16 14
6 5 10 3 0 2.95 1.69 13 11
7 5 2 6 0 1.99 1.32 20 20
8 8 8 2 0 2.46 1.57 18 15
9 2 7 2 0 2.35 1.53 19 18
10 5 8 5 0 3.10 1.69 12 12
11 5 9 5 0 3.23 1.72 11 10
15 9 3 9 0 2.54 1.47 17 19
16 10 6 9 0 3.24 1.67 10 13
21 10 4 9 0 2.81 1.55 15 17
2 5 9 2 -1 0.51 0.32 21 21
3 5 9 2 -1 0.51 0.32 21 21
20 10 4 9 -1 0.28 0.16 23 23
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4.2.3 Comparison the given weight with two different models 

This part presents comparison between the RPNnc model and The ERPNc model with the 
given weight as showed in table 4.6. 

Table 4.6 Comparison the given weight with two different models 

 

From table 4.6, the results show the priority orders of two models are different. Thus, the 
different models have impact on the priority order of potential causes. The ERPNc model 
can prioritize order better than the RPNnc model because the relative weight of each risk 
factor is more specified. For example, failure number 5 (customer have to wait for the 
drawing of window style) and failure number 15 (a bolt protruding from the aluminum 
frame) that in customer’s viewpoint, customer is not interested these potential causes 
(K=0). Thus, occurrence score, detection score, and their relative weight will be used to 
prioritize order for both models. Consequently, the RPNnc model prioritizes failure number 
15 is higher than failure number 5, but the ERPNc model prioritizes failure number 5 is 

Cause S O D K RPNnc ERPNc 
Priority of 

RPNnc 
Priority of 

ERPNc
1 10 3 9 2 1476.56 254.42 4 4
12 10 5 8 2 2187.50 295.40 2 2
14 10 6 8 2 2625.00 314.87 1 1
18 10 2 9 2 984.38 220.76 5 5
23 10 3 10 2 1640.63 261.21 3 3
13 10 1 9 1 49.22 17.32 9 9
17 10 2 9 1 98.44 22.08 7 7
19 10 4 9 1 196.88 28.14 6 6
22 10 1 10 1 54.69 17.78 8 8
4 10 4 10 0 21.88 2.89 12 14
5 5 8 3 0 13.13 2.72 17 16
6 5 10 3 0 16.41 2.95 15 13
7 5 2 6 0 6.56 1.99 20 20
8 8 8 2 0 8.75 2.46 18 18
9 2 7 2 0 7.66 2.35 19 19
10 5 8 5 0 21.88 3.10 12 12
11 5 9 5 0 24.61 3.23 11 11
15 9 3 9 0 14.77 2.54 16 17
16 10 6 9 0 29.53 3.24 10 10
21 10 4 9 0 19.69 2.81 14 15
2 5 9 2 -1 1.97 0.51 21 21
3 5 9 2 -1 1.97 0.51 21 21
20 10 4 9 -1 1.97 0.28 21 23
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higher than failure number 15. However, in the fact that failure number 5 should be higher 
priority order than failure number 15 because the occurrence score is higher (O=8 > O=3). 
However, the RPNnc model prioritizes failure number 15 is higher priority because of the 
effect of multiplying between risk factors and relative weights, but the ERPNc model is 
specified each factor with each relative weight by the power function. Consequently, the 
failure number 5 is higher priority than failure number 15. Therefore, the ERPNc has more 
accurate the result than the RPNnc model. 

In addition, the ERPNc model can reduce the same RPN values better than the RPNnc 
model. The multiplying of the RPNnc model has more opportunity that it will produce the 
same RPN values more than the ERPNs model that uses the exponential function. For 
example, failure number 2, 3, and 20 are the same priority for the RPNnc model. However, 
for the ERPNc model, failure number 2 and 3 are the same priority because they have the 
same component, but failure number 20 is different priority because it has different 
component. In this case, the RPNc model has 20 unique RPN values, but the ERPNc model 
has 22 unique RPN values. Thus, the ERPNc model can reduce the vague of priority order 
for potential failures better than the RPNnc model. 

4.2.4 Comparison the eigenvector weight with two different models 

This part presents comparison between the RPNnc model and the ERPNc model with the 
eigenvector weight as showed in table 4.7. 

From table 4.7, the results show the priority orders of two models are more different than 
the previous sub-case that uses the given weight in consideration for comparison between 
the RPNnc model and the ERPNc model. When customer attribute is reverse indifferent 
attribute (K=0), the occurrence score, detection score, and their relative weight will be 
influent factors with priority order of potential causes.  

The eigenvector weight has impact on the priority order of potential causes more than given 
weight. The eigenvector weight makes priority order between the RPNnc model and the 
ERPNc model is more different from 5 orders to 9 orders because the gap between relative 
weights of risk factors from eigenvector weight is higher than the given weight. The 
relative weight of eigenvector weight is 0.7306, 0.1884, and 0.0810 that are Ws, Wo, and 
Wd respectively. Also, the relative weight of given weight is 0.4, 0.35, and 0.25 
respectively. If FMEA team identifies the relative weight for each risk factor, FMEA team 
will give the relative weight without analyzing by any reliable tools except their judgment. 
Thus, it may have some hidden errors with the relative weight that affects priority order of 
potential causes. Thus, if the eigenvector weight is used to be the relative weight in 
consideration, it will be more suitable for risk assessment.  
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Table 4.7 Comparison the eigenvector weight with two different models 

 

In addition, from the different of priority order, it shows the opportunity of the same RPN 
values for eigenvector weight is less than given weight because of the various RPN values. 
Thus, it will reduce the vague prioritization of potential causes, and it will increase the 
efficiency of customer-oriented FMEA with more accurate and more reasonable. 

 

 

 

 

 

Cause S O D K RPNnc ERPNc 
Priority of 

RPNnc 
Priority of 

ERPNc
1 10 3 9 2 77.19 146.95 4 4
12 10 5 8 2 114.36 160.26 2 2
14 10 6 8 2 137.23 165.86 1 1
18 10 2 9 2 51.46 136.15 5 5
23 10 3 10 2 85.77 148.21 3 3
13 10 1 9 1 2.57 11.95 9 9
17 10 2 9 1 5.15 13.61 7 7
19 10 4 9 1 10.29 15.51 6 6
22 10 1 10 1 2.86 12.05 8 8
4 10 4 10 0 1.14 1.56 12 16
5 5 8 3 0 0.69 1.62 17 14
6 5 10 3 0 0.86 1.69 15 11
7 5 2 6 0 0.34 1.32 20 20
8 8 8 2 0 0.46 1.57 18 15
9 2 7 2 0 0.40 1.53 19 18
10 5 8 5 0 1.14 1.69 12 12
11 5 9 5 0 1.29 1.72 11 10
15 9 3 9 0 0.77 1.47 16 19
16 10 6 9 0 1.54 1.67 10 13
21 10 4 9 0 1.03 1.55 14 17
2 5 9 2 -1 0.10 0.32 21 21
3 5 9 2 -1 0.10 0.32 21 21
20 10 4 9 -1 0.10 0.16 21 23
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CHAPTER 5 
CONCLUSIONS AND RECOMMENDATIONS 

5.1 Conclusions  

This research has been proposed to improve risk assessment of customer-oriented FMEA 
by development the new model of customer-oriented FMEA and analysis the relative 
weight of risk factors with the systematic way. The new model is namely the exponential 
risk priority number for customer-oriented FMEA (ERPNc) and the systematic way of the 
relative weight analysis is pairwise comparison of the eigenvector weight.  

The exponential risk priority number for customer-oriented FMEA (ERPNc) can produce 
more unique RPN values than both previous models of customer-oriented FMEA. Also, the 
ERPNc model can reflect the customer’s viewpoint as same as the second model of 
customer-oriented FMEA (RPNnc), but it is better than the first model of customer-oriented 
FMEA (RPNc). Furthermore, the ERPNc model can represent the two previous models. 

From the analysis as well as the case studies, the ERPNc model has not affected the 
prioritization of failures in customer’s viewpoint when K values are greater than zero (K=2 
and K=1). However, it shows the ERPNc model has affected the prioritization of failures 
when K values are less than or equal to zero. It means that the improvement has more effect 
on the manufacture than the customers. The scenario happen when customers may not 
worry about the frequent low hazard failures that the manufacture are responsible for all 
fixing and absorb all the burden. Therefore, it can be concluded that the propose model not 
only maintain the customer viewpoint but also improve the manufacture viewpoint, and that 
the duplicated number also reduce dramatically.  

5.2 Recommendations 
 
� According to the results, the frequency of duplicate RPN values remains high when 

K value is equal to zero. Therefore, the further improvement of the model may be 
required to handle this case. 

� Further improvement of the model may be required when customer satisfaction is 
indifferent. For the present model, when customer satisfaction is indifferent, the 
influent of severity has been ignored. However, in fact, this value should be 
remained because it has some impacts. 

� Another factor such cost that concern with risk assessment beside severity, 
occurrence, detection, and customer satisfaction may be required in customer-
oriented FMEA model for improving the prevention efficiency of failures. 
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Intensity of importance on 
an absolute scale

Definition Explanation

1 Equal importance Two activities contribute equally to the objective
3 Moderate importance of one over another Experience and judgement strongly favor one 

activity over another
5 Essential or strong importance Experience and judgement strongly favor one 

activity over another
7 Very strong importance An activity is strongly favored and its dominance 

demonstrated in practice
9 Extreme important The evidence favoring one activity over another is 

of the highest possible order of affirmation
2, 4, 6, 8 Intermediate values between the two 

adjacent judgments
When compromise is needed

Reciprocals

Rationals Ratios arising from scale If consistency were to be forced by obtaining n 
numerical values to span the matrix

If activity i has one of the above numbers assigned to it when compared with activity j, then j has 
the reciprocal value when compared with i

APPENDICES 

Appendices A 

A.1 The relation score of each factor (Saaty, 1980) 

 

 

 

A.2 Random index (Saaty, 1980) 
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Where NOPQ is the maximum weight of eigenvector and n is the number of activities in 
matrix.  
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Where RI is random index as showed in table A.2. 

 

 

 

N 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
RI 0 0 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49 1.51 1.48 1.56 1.571.58
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Appendices B 

B.1 Pairwise comparison of each factor for eigenvector weight and iteration of power 
matrix 

 

 

 

 

 

 

 

 

 

Consistency Index = 0.0324 

Inconsistency Ratio = 0.0559  (< 0.1) 

Factor Severity occurrence Detection
Severity 1.0000 5.0000 7.0000

occurrence 0.2000 1.0000 3.0000
Detection 0.1429 0.3333 1.0000

Sum Weight
3.0000 12.3333 29.0000 44.3333 0.7353
0.8286 3.0000 7.4000 11.2286 0.1862
0.3524 1.3810 3.0000 4.7333 0.0785

60.2952 1.0000

Iteration 1 

Total

Sum Weight Error
29.4381 114.0476 265.2667 408.7524 0.7305 0.0047
7.5790 29.4381 68.4286 105.4457 0.1885 -0.0022
3.2585 12.6317 29.4381 45.3283 0.0810 -0.0025

559.5264 1.0000

Iteration 2 

Total

Sum Weight Error
2595.3461 10065.4705 23422.0064 36082.8231 0.7306 -0.0001
669.2002 2595.3461 6039.2823 9303.8286 0.1884 0.0001
287.5849 1115.3336 2595.3461 3998.2646 0.0810 0.0001

49384.9163 1.0000

Iteration 3 

Total

Eigenvector Weight
0.7306
0.1884
0.0810


