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Abstract: This paper investigates a new methodology in order to define the criticality related to the inlet WIP 
quality control for an Italian SME. The use of Failure Modes and Effects Analysis (FMEA) has allowed to 
evaluate a Risk Priority Number (RPN) for each product family, used to generate a risk ranking. FMEA 
technique has been modified to fit to quality control specific tasks thereby adapting the classical rules to get a 
more lean and efficient tool. The analysis has started according to the mandatory requirement of an effective 
enterprise resource management: the correct criteria to identify the product families subjected to inlet quality 
control have been proposed in order to assure a more detailed check on high RPN products. The study has 
been conducted in a Small Medium Enterprise that produces hydro massage bathtub, shower, spas and that 
commercializes bathroom furniture. The company outsources the purchase of a large percentage of half 
processed items and so it becomes crucial to check the compliance of supplied products quality level. In this 
paper we highlight, on the basis of some case studies, how the adoption of the modified FMEA technique 
could lead to a more effective use of quality control resources in order to prevent problems during 
production phases and market distribution. 
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1. INTRODUCTION 

In these years of economic crisis, for companies is more 
and more important to increase their competitive 
advantage working on three basic parameters: quality cost 
and time. A good way to face this situation is to adopt the 
lean philosophy in order to eliminate wastes thereby 
continuous improvement (Womack and Jones, 1990). The 
real goal of lean thinking theory is zero defects. In this 
perspective the product quality is a key factor.  

This paper discusses how to manage the quality control 
activities of supplied products in lean factories. To assure 
the quality of supplied components allows reducing to the 
minimum the possibility of failures or wastes during the 
manufacturing/assembly phase and to prevent potential 
problems on the market. Regarding this theme, the most 
important technique is the Total Quality Management 
(TQM): “it is an integrative philosophy of management 
for continuously improving the quality of products and 
processes to achieve customer satisfaction” (Ahire et al., 
1995). There are a lot of TQM proactive tools that can be 
used: for example, failure mode and effects analysis 
(FMEA), fault tree analysis (FTA), flowcharting and 
process mapping (Rath, 2008).  

Particularly, FMEA is a risk management tool of potential 
failure modes for a product or process that provides 
decision guidelines considering cost and quality elements 

(Chao et al., 2007) and it is the work tool discussed in this 
paper. FMEA will allow to decide what supplied products 
are needed to be qualitatively controlled during the 
acceptance phase, establishing a valid risk ranking as a 
decision support system.  

The reminder of this paper is organised as follows: section 
2 deals with the relevant literature and the FMEA 
methodology; section 3 describes the case study; section 4 
discusses the results; section 5 is the conclusion of the 
paper.    

 

2. MATERIAL AND METHOD 

2.1 RELATED RESEARCH OF FMEA 

FMEA technique was used for the first time in 1949 by 
United State Army, who applied it in order to solve safety 
and reliability problems in the aeronautic sector. Over 
these years, the FMEA becomes an important engineering 
tool widely used by the most important Japanese, 
American and European manufacturing companies 
(Norell, 1993). FMEA was also discussed by International 
Standard Organization in the ISO 9000 first, in the ISO 
9001 after and in the ISO/TS 16949 more recently.  

The scientific literature about FMEA and his similar tools 
(FMECA, DFMEA, PFMEA, etc…) is very numerous 



and many researchers discussed of it or used it in their 
studies. Generally, FMEA could be applied on every kind 
of product/process: for example to study the reliability of 
a wind turbine (Arabian-Hoseynabadi et al., 2010), or also 
in order to design a hydraulic system (Hogan et al., 1992 
and Atkinson et al., 1992). 

Important applications of FMEA technique in order to 
obtain the risk of failure in terms of cost: for example 
Spencer and Rhee (2003) developed a new methodology 
called “Life cost-based FMEA” to solve a design problem 
of a particular magnet used in a particle accelerator. 
Tarum (2001) used FMEA tool to identify potential 
failures which have the most important impact from a 
financial point of view, developing a method called failure 
modes, effects, and (financial) risk analysis (FMERA).  

Regarding the quality product and customer satisfaction 
concepts, the importance of FMEA methodology is 
demonstrated by papers like that written by Korayem and 
Iravani (2008), which studied the FMEA technique 
integrated with Quality Function Deployment (QFD) 
approach during the design of two mechanical robot used 
for industrial and medical applications.  

FMEA has been also integrated with fuzzy logic (Zadeh, 
1968) in order to have more realistic information. For 
example Bowles and Pelaez’s paper (1995) was one of the 
first that dealt with FMEA and fuzzy tools together; 
Puente et al. (2002) used a fuzzy decision model for 
applying FMEA to a wide variety of problems; Braglia et 
al. (2003) utilized the technique for order preference by 
similarity to ideal solution (TOPSIS) in a fuzzy mode in 
order to evaluate the relative importance of the RPN; 
Zhang and Chu (2009) applied a fuzzy weighted least 
squares model (WLSM) and proposed (2011) the fuzzy 
method as an effective solution to calculate risk priority 
number under uncertainty.  

Most recently, FMEA methodology has been also 
introduced in the food industries: Bertolini, Bevilacqua 
and Massini (2006) presented a paper about the 
application of FMECA tool to the production process in 
the food factories in order to detect the possible critical 
points of the product traceability system.  

However, the output of FMEA methodology is the risk 
priority number (RPN) which is the factor that defines the 
riskiness level of the product/process. RPN is a good 
index to formalize a quantitative judgement about the risk 
degree of a failure mode but it has some weakness like 
that there is not difference between failure modes with 
same RPN and that the factor used for its calculation have 
the same importance and could be difficult to establish 
objectively. Thus, over the years, many researchers 
questioned and strongly criticized the meaningful and 
validity of RPN and many of them tried to create a more 
objective method: Kara-Zaitri (1992) discussed a 
methodology which uses a probabilistic combination of 
RPN to calculate the importance of an event; Bevilacqua 
et al. (2000) used a combination of FMECA with Monte 
Carlo simulation to have a more realistic measure of RPN 
that is evaluated as the sum of six parameters (safety, 
machine importance for the process, maintenance costs, 

failure frequency, downtime length, and operating 
conditions) multiplied by a seventh factor (the machine 
access difficulty); Kwai-Sang Chin et al. (2009) proposed 
an integrated approach between FMEA and DEA (data 
envelopment analysis) in order to consider the average of 
the maximum and minimum risk of each failure mode.  

Others samples of recent research are the studies of Pinna 
et al. (2008) which used FMEA to screen the possible 
failure causes in remote handling transfer system; Barends 
et al. (2012) proposed a new way to quantitatively estimate 
the failure mode occurrence and detection.  

Next paragraph describes steps and rules to correctly 
implement the traditional FMEA technique. 

 

2.2 FMEA TECHNIQUE 

Failure Mode and Effects Analysis (FMEA) method 
investigates all causes and effects of all possible failure 
modes in order to assure quality and reliability of a 
product or process. This tool allows to find and 
understand the potential causes and the adverse 
consequence of failure. Dailey (2004) describes FMEA as 
a “a systematic method of analyzing and ranking the risks 
associated with various product (or process) failure modes 
(both existing and potential), prioritizing them for 
remedial action, acting on the highest ranked items, 
revaluating those items and returning to the prioritization 
step in a continuous loop until marginal returns set in”. 

Many variations of this technique have been proposed, 
but it can be classified into two main types: 

• design failure modes and effects analysis 
(DFMEA), that is applied on a product during all 
the activities associated to the design; 

• process failure modes and effects analysis 
(PFMEA), which regards the product during the 
manufacturing processes. 

However, FMEA technique is complementary to the 
design phase and, generally, in order to obtain better 
results, it is better to apply it at the beginning of the 
product life cycle.  

When all the causes and effects of failure modes have 
been identified then will be possible to estimate the risk 
priority number (RPN), which is calculated considering 
occurrence (O) and detection (D) probabilities of failures 
in conjunction with severity (S) criteria (Crişan, L., 1999). 
In few words, occurrence is the frequency with which a 
cause occurs; detection the probability to locate the 
failures; and severity is the failure impact on the customer. 
The mathematical product of these three parameters 
represents the risk for each failure mode and allows to 
determine a risk rating. After that, the corrective actions 
can be taken to eliminate (or to reduce) the potential 
failure modes.  

Thus, the application of traditional FMEA can be divided 
in three different phases: a first qualitative analysis, with 
the study of the causes and effects of failures, creating a 
complete list of these potential events; a second 



quantitative analysis, with the study of data collection 
(based on the experts opinion and on historical data) and 
calculation of RPN, generating a risk ranking where the 
failure mode with higher RPN is the most critical; finally, 
a third phase based on a Pareto analysis, in order to 
identify the main failure causes, and on the 
implementation of corrective actions (that can be 
preventive or compensatory) for the failure modes with 
higher RPN. 

Risk priority number is an index that represents the degree 
of risks that a product/process might have. In the 
traditional FMEA, the value rating of occurrence, 
detection and severity can take score from 1 to 10. 

For O and S parameters score 1 means, respectively, 
remote probability of occurrence and failure mode with 
no effect; score 10 represents a very high probability of 
occurrence and high failure impact on customer/user 
safety and satisfaction. Instead, for D factor the logic is 
opposite: 1 means almost certain detectability of the 
failure and 10 zero probability to detect the failure. 

Thus, since RPN is the multiplication of O x S x D, it can 
be included between ‘1’ (1 x 1 x 1) and ‘1000’ (10 x 10 x 
10), where low values mean low risk and high values mean 
high risk. 

At this point, with the RPNs of all failure modes, it is 
possible to create the risk ranking and to decide what kind 
of corrective actions to be applied in order to take this 
risk index under an established cut-off point. 

FMEA is a dynamic methodology because, if the 
corrective actions are good, the scores of the three factors 
O, D and S should positively change, thus it is important 
to recalculate its and consequently the RPN, in order to 
evaluate the potential benefits (for example, quality 
improvement, customer satisfaction, cost and risk 
reduction). Generally, the FMEA work team is a cross-
functional and multi-disciplinary team composed of 
operators from different fields (Project Manager, Design 
Engineer, Quality Engineer, Supplier, etc…).  

 

3. CASE STUDY       
3.1 MODIFICATION OF TRADITIONAL FMEA 

The goal of this study is to create a lean tool that generate 
a rational risk ranking  with the assignation of a risk 
priority number for each kind of good externally 
purchased, in order to aid the quality control operators to 
decide on which kind of products is more important 
(because more critical) to focus the work activities. To do 
this, the traditional FMEA methodology has been 
modified, particularly for the evaluation of the parameters 
O, D and S and consequently of the RPN.  

First of all, it is important to define what are occurrence, 
detectability and severity in the context of the quality 
control in acceptance of supplied product. Occurrence 
parameter is represented by the probability (in terms of 
percentage) that a product is defective. The severity 
parameter, defined with the help of all FMEA team 

members, represents the impact that the defective product 
generates on customer/user in terms of costs and/or 
satisfaction and safety. The detectability parameter 
represents the possibility to detect the potential defect 
thanks to the current quality control procedures applicable 
on supplied products. In order to have a faster and leaner 
tool than the traditional FMEA, the first step has been to 
revise the scoring scale about occurrence, detectability and 
severity. For our objects it is not important to detail the 
product defect (or failure mode) with a scale from 1 to 10, 
but it is sufficient to use only three discrete values in order 
to represent a high, medium or low relevance. It has been 
chosen to adopt a nonlinear scale using score 9, 3 and 1 
respectively for high, medium and low relevance. Tables 1, 
2 and 3 show the evaluation scale.  

 

Table 1. Occurrence ranking criteria. 

In this application, it has been taken as occurrence cut-off 
point the value of 1% of product defectiveness. Thus, 
analyzing historical data, if the quantity of defective 
products is greater than 1% then the score is 9; if it is less 
or equal than 1% the score is 3; if it is null then the score 
is 1. 

 

 

 

 

 

Table 2. Severity ranking criteria. 

Generally, if the supplied product is critical and risky for 
the customer safety and satisfaction and/or the supplied 
product is very expensive then the severity score will be 9; 
instead, if the potential defect generates a performance 
degradation of the product over the time and/or the 
product cost is not very high then the severity score is 3; 
score 1 if product defects do not produce damages to the 
customer and/or the product cost is low. 

 

 

 

 

 

 

Table 3. Detectability ranking criteria. 

OCCURRENCE PROBABILITY SCORE 

High X > 1 % 9 

Medium 0 % < X ≤ 1% 3 

Low X = 0 % 1 

SEVERITY SCORE 

High 9 

Medium 3 

Low 1 

DETECTABILITY SCORE 

Remote  9 

Moderate 3 

High 1 



The last parameter is the Detectability. It depends on the 
current quality control system. Particularly, if the product 
is not submitted to quality control in acceptance, then the 
score is 9 because the probability to discover a potential 
defect will be remote (so high risk); if it is not submitted 
to quality control but the potential defect could be 
detected before that the product leaves the factory then 
the score will be 3; instead, if the product is qualitatively 
checked in acceptance then the probability to detect a 
defect is high (so low risk) and the score will be 1. 

The idea to use this scoring scale comes from the Quality 
Function Deployment (QFD) tool and allows to increase 
the score difference of RPN values. In fact, using only 
three scores (1, 3 and 9) for O, D and S, RPN can take 
only seven different values, from 1 (1 x 1 x 1), the lowest, 
to 729 (9 x 9 x 9), the highest. Table 4 shows the possible 
value for RPN with its risk degree.  

 

 

 

 

 

 

 

 

 

 

 

Table 4. RPN value scale. 

Products placed up in this risk ranking will be considered 
critical, thus it will be taken corrective actions in order to 
reduce its RPN. 

 

3.2 FMEA APPLICATION 

This paragraph describes a real application of the 
modified FMEA methodology. The study has been 
conducted in collaboration with the quality assurance 
department of an Italian Small Medium Enterprise that 
produces hydro massage bathtub. Data and names used in 
the following example are purely fictitious for reasons of 
corporate privacy. In this company, the current quality 
control process for supplied products is composed of 
three different procedures. The first is the qualitative 
check in acceptance when the lots arrive in the factory; the 
second is an “on line” quality control during the internal 
use/assembly of the inlet components. The last is the free 
pass mode for not critical products. This control system is 
strictly connected with the detectability of the potential 
product defect (D parameter). Regarding the severity 
parameter, the score is associated to each product family, 
where a product family is a product group of the same 
kind. In this paper, the proposed example of FMEA 
application is on the product family called F01, which 
contains the “pumps”. Regarding the occurrence (O), the 

information about the probability to have a defective 
product is easily obtainable by the traceability computer 
system. About this parameter, it is also important to 
consider the supplier competence because from it 
depends the product quality too. In order to consider this 
fundamental aspect, for each product family it will be 
created an internal subdivision based on the supplier 
competence. At this point, each subfamily will have 
associated a RPN that represents its risk level. These 
concepts will be better explained with the following 
practical example.  

The product family chosen as case study is called FA01 
and is composed of an electromechanical product: the 
“pumps”. In this group there are all product codes of the 
several kind of pumps externally purchased. Pump is a 
very important component for the finished product 
“hydro massage bathtub” because it allows the water 
circulation in order to create the whirlpool function. This 
family is actually composed of fifty different types of 
pumps, which are realized by three different suppliers: 
supplier A produces twenty different product codes, 
supplier B sixteen several pumps and supplier C the 
reminder fourteen codes. For this reason, the product 
family F01 can be divided in three subfamilies which are 
named F01A, F01B and F01C. At this point, the next step is 
to evaluate the three parameters O, D and S using the new 
rules described in the previous paragraph.  

Considering the supplier competence, the probability that 
a product is defective (O parameter) for this family is 0% 
for supplier A, 3,5% for supplier B and 0,4% for supplier 
C. Thus, in correlation with the new FMEA scoring scale, 
the occurrence score for F01A is 1, for F01B is 9 and F01C 
is 3. In this case, the lots delivered by supplier B are more 
critical while the product codes realized by supplier A are 
qualitatively very good. The second factor to be evaluated 
is the probability to detect a defect (D parameter). In this 
case, it is easy to assign the score because the pumps are 
submitted on quality control in acceptance, where the 
operators make a dimensional and functional check of the 
product. Thus, the risk to not detect a potential failure or 
defect is very low: the score for the whole F01 family is 1. 
Even if D is the same for all product codes, it is important 
to specify that it depends to company decisions and it is 
not a characteristic of the family. Generally, a product 
family could have codes submitted to a quality check and 
codes in free pass condition. 

The last parameter to estimate is the severity (S). 
Generally, it depends to the kind of product, to his 
importance on customer/user and to his cost. Obviously 
the pump is a very critical component for the correct 
functionality of the bathtub and, moreover, his cost is 
quite relevant. Thus, the score for the F01 family is 9. In 
fact, potential product defects surely could cause customer 
dissatisfaction and, for example, problems during the 
internal phase of assembly too.  

The next step is to calculate the RPN with an easy 
multiplication: table 5 shows the scores for the analysed 
product family. 

COMBINATION SCORE RISK 

(9x9x9) 729 

(3x9x9) 243 
High 

(1x9x9) or (3x3x9) 81 

(3x3x3) or (1x3x9) 27 
Medium 

(1x3x3) or (1x1x9) 9 

 (1x1x3) 3 

 (1x1x1) 1 

Low 



 

Table 5. Risk ranking for F01 family.  

In this case, the most critical situation is represented by 
F01B family, which has a score of 81 that means medium 
risk. Thus, starting to the top of the ranking, corrective 
actions will be taken. Particularly, looking the three basic 
parameters values, it is easy to understand that the 
problem is the defectiveness (in fact O is 9). Severity is 9 
too, but it is a specific characteristic of the product family 
thus it can not be decreased. Then, the first corrective 
action could be to contact the supplier B for sharing with 
him the situation about his products group in order to 
solve the problem and to decrease the RPN score. At the 
same time, it is possible to work on the products codes 
realized by supplier A that have a low RPN (score 9): 
since the probability to have a defective lot is 0%, it could 
be acceptable to not check the product in acceptance but, 
for example, to control it during the assembly, increasing 
the D parameter to score 3, having a final RPN of score 
27 (medium risk). In this way, it will be possible to reduce 
quality control and handling costs for this group of 
pumps. 

 

4. RESULTS AND DISCUSSION 

This is a classical example of the modified FMEA 
technique application to define a risk index of a supplied 
product. The final and most important result is the 
definition of a risk priority number in order to have a 
complete vision of purchased products criticality. In fact, 
the same study has been conducted for each product 
family (about one hundred in this company). Thus, it has 
been possible to create a general risk ranking that 
represents a decisional support system to choose critical 
products on which to concentrate quality control 
resources. In fact, the resources availability is an important 
factor to be considered: in this economic period where the 
costs reduction is also pursued with the labour reduction, 
it is important to optimize the resources use making a 
better evaluation about the resource employment in order 
to improve efficiency of the quality control processes. If 
the product codes with high RPN are too numerous 
respect of the available resources then the company will 
must take a decision between to accept the risk to not 
control some product families or to increase the quality 
control resources. However, any decision can be validated 
thanks to an economic analysis. On the other hand, 
looking the bottom of the risk ranking, the families with 
low RPN, due to D parameter is 1, could be deleted from 
the quality control in acceptance in order to earn time and 
resource for more critical products.  In these cases, it 

needs to pay attention that the new RPN is not high (the 
detectability score increases). However, the interpretation 
of the three risk parameters is the main difference in 
comparison with the traditional FMEA.  

Another important consequence of FMEA application is 
that, working on the occurrence parameter, it is possible 
to monitor the supplier work for each product family, also 
creating a supplier quality rating.  

Like the traditional FMEA, also this new quality control 
system is a dynamic tool because allows to have, over the 
time, a recirculation of the product checked based on   the 
variations of occurrence, severity and detectability 
parameters. Before this study the decision about which 
product codes to check was mainly entrusted to the 
worker experience. Worker experience is very important 
but, working with over fourty thousands different inlet 
product codes, can not assure the wanted efficiency and 
efficacy; now instead, with the implementation of this 
technique, work experience is also supported by a 
structured and formalized work procedure. 

To check product lots in order to find defects and to 
understand failure causes also aids increasing the quality 
of purchased components and consequently the quality of 
the finished product too. The scope is to eliminate the 
potential costs generated to the defect increasing the 
probability to identify causes and defects before they 
occur: the quality increases without to increase the costs 
to assure it. 

Finally, with this team work there was a strong cultural 
interaction and knowledge integration among the team 
member with consequent professional training and inter-
functional coordination. 

 

5. CONCLUSION 

This paper showed that the application of FMEA 
approach to quality control activities of purchased 
products allows improving reliability and quality and to 
have a more focused control strategy, optimizing costs, 
resources and times too. FMEA has been an ideal tool to 
consider the product from risky and criticality point of 
view. This work was born from the necessity to create a 
structured but lean procedure of quality control about 
incoming goods and, in this specific aspect, the use of 
FMEA methodology has been the innovation element. 
FMEA is an easy but potent tool that aids the 
management in all decision-making processes about 
purchased goods in order to prevent problems on the 
market. 

Future development regarding this specific application 
could be the software implementation of this new work 
tool in order to have a faster and more dynamic use. 
Moreover, new studies could be done to have more 
specific parameters for quality control activities, for 
example integrating this tool with fuzzy logic in order to 
improve the RPN objectiveness. 

 

FAMILYSUPPLIER O D S RPN RISK 

F01A 1 1 9 9 Low 

F01B 9 1 9 81 Medium 

F01C 3 1 9 27 Medium 
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