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Parameters Assessment of the FMEA Method
by Means of Fuzzy Logic

Abstract

The paper aims at presenting the FMEA method based on the fuzzy technique, representing a new
approach to the failure analysis and its effects on the observed system. The FMEA (Failure Mode and
Effect Analysis) method has assigned the risks a coefficient i.e. a numerical indicator that very clearly
defines the degree of risk. The risk is calculated as a mathematical function of RPN which depends
on the effects S, probability O that some case will lead to a failure and to a probability that a failure
D can not be detected before its effects are realized. RPN =S O D. The FMEA method, based on the
fuzzy logic, makes a more reliable evaluation of the observed system failures possible.

Key words: FMEA, fuzzy logic, RPN

1. Introduction

FME (Failure Modes and Effect Analysis) is a method by means of which the
way in which every single failure appears is examined as well as the effects of every
single failure of the analysed system. It can also be used in analysing the reliability
engineering and system safety.

The American army developed the method in the nineteen fifties in order to
increase the reliability of their equipments and processes. Moreover, the method was
used by some government institutions, like the NASA, but was very soon adopted for
civil use as well. One of its first users was Ford, who adopted the method when in
1987 he was forced to take the Ford Pinto car model off the market due to a failure in
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the design of the fuel tank. Today, the method has become an integral part of many
companies and institutions, including industries engaged in airplane, motor-car,,
nuclear, electronic, chemical, mechanical and medical technologies, yearning for a
greater reliability of their products [1], [2], [3].

The main characteristic of th method is the attempt to prevent potential failures and
their elimination [4]. It could be said that the main goal of this method is to minimize
the probability of failure occurence and to increase the safety. In the traditional FMEA
method, the risk is calculated as a mathematical funcion RPN (Risk Priority Number)
as against the following terms:

RPN =0 S D, where O is the failure occurence probability, S is the failure
severity and D is the the failure not detection probability.

The RPN value defines very clearly the degree of the risk on the basis of which
particular safety and preventive measures are introduced. The traditional FMEA uses the
scale from 1 to 10 when measuring, for example, the failure severity [5, 6]. The greater
the RPN value is, the more important is the risk and will thus obtain priority over.

In an attempt to preventing system failures, regardless of its simplicity, we can
not predict all the events, as well as the exact frequency of occurrence of certain events
within the system. Control algorithms are usually in line with the experience of experts
and decisions form IF-THEN. This kind of management is applied in everyday life.
Fuzzy logic provides the necessary methodology for implementing expert knowledge
and experience in the FMEA method [7], [8], [9]. Advantages of application are,
moreover, flexibility and broad application, tolerance to imprecise data, as well as
the use of language concepts in fuzzy approach that allows the improvement of the
applicability of FMEA methods. The paper aims at presenting that the FMEA method
based on the fuzzy logic is suitable for a safety parameters values assessment of the
FMEA method [10], [11], [12], [13]. This method is used in the shipbuilding industry
[14], engine systems [15], and nuclear power plants [16].

2. Fuzzy FMEA
2.1. FuzzyLogic

In 1965, Lotfi Zadeh introduced the concept of fiizzy sets [17], where more degrees
of membership are allowed some element of a set.

The degree of membership within a set is marked with numbers from among 0
and 1, i.e. with some numbers out of the interval [0,1]. As the interval [0,1] comprises
infinite numbers, infinite degrees of memberships are possible. Fuzzy logic is based on
the fuzzy sets theory that can be understood as a generalization of the classic sets theory.
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2.2. Fuzzy Algorithm

Fuzzy algorithm developed by means of the Matlab programme package. One of the
possible fuzzy logic algorithm is the Mamdani model. As a model for the characteristic
assessment, it is used when there is a “relative small* number of input data sets.The
fuzzy inference system — FIS, can be described in four phases: fuzzification, inference,
aggregation, defuzzification.

2.2.1. Fuzzification

In this paper, five fuzzy sets (remote, low, moderate, high, very high) are defined
for the input variables O, S and D (Fig.1) while for the output variable RPN five fuzzy
sets (very low, low, moderate, high, very high) are also defined (Fig. 2) [6], [15]. The
possible numerical values are called universal set. For each fuzzy set, a value that
defines the linguistic meaning of the set best is determined.

Besides the number of fuzzy sets, it is necessary to determine their form by
means of the membership function. Based on the expert knowledge and the quality of
information available, the paper deals with the selected membership function of the
trimf form with five linguistic variable values allocated.

—
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Figure. 1: Input Variable Occurence Membership Function Plot
(overlapping of fuzzy sets within the universal set) [18]

Fuzzy sets membership function can overlap within the universal set (Fig.1).
A membership degree u =1 is allocated to the typical fuzzy set of the joined input
and output variables occurence. The triangular membership function trimf'is defined
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by parameters [a b ¢/, where a represents the left-side function section with the
membership a = 0, b is the central peak or the typcal value with the membership
4 =1, while c is the right-hand function section with the membership # = 0. Based on
the scale of 1 to 10, for measuring the severity of the fault by using the traditional FMEA
for each membership function is determined domains, and the shape of membership
functions of the output variables is given in Figure 2.
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Figure. 2: Output Variable RPN Membership Function Plot

Table 1: Description of Marks Used in Defining Rules within the Fuzzy Inference
Mechanism

Mark Description Mark

9-10 Very High VH

7-10 High H
4-8 Moderate M
2-5 Low L
1-3 Very Low VL

2.2.2. Inference

The fuzzy inference structure of the input variables O, S and D and of the output
variable RPN is shown on Fig. 3:
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Figure.3: Fuzzy Inference Structure [18]
2.2.3. Aggregation

FIS rules for the output parameter values assessment are defined (Fig. 4)

Rule Editor: FUZZY FMEA

i (Occurence is VH) and (Severity is VH) and (Detection is VH) then (RPN is VH) (1)
i (Occurence is H) and (Severity is VH) and (Detection is YH) then (RPN is H) (1)

Figure. 4: FIS Rules [17]

Pomorski zbornik Posebno izdanje, 123-132 127



Jasminka Bonato, Martina Badurina, Julijan Dobrini¢ Parameters Assessment...

2.2.4. Defuzzification

Defuzzification is the process of transforming linguistic results from the rule
basis into numerical values. The defuzzification method is a continuous one if an
infinitesimal change of the input variable does not cause a sudden change of any
output variable. Therefore, the Center area method has been chosen, where the areas
beyond the membership coefficient for each single linguistic set are superimposed
in a new fuzzy set (shading area) and the center of mass is calculted. The linguistic
output variable numerical value calculation is shown on Fig. 5, describing the model
inference diagram [18].

Occurence = 897 Severity =55 Detection = 5.5
A N\ A
F -".“\,_ r‘\.\
N\ / \'\

RPN =914

VIV

Figure.5: Inference Diagram [18]

Fig.6 shows the 3 D responding function of the RPN index value assessment
depending on the input parameters O and D.
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Figure. 6: 3 D responding function of the Input Parameters O, D Influence
Assessment on the RPN Output Parameter Value [18]

3. Results

The RPN index assessment has been carried out by means of the fuzzy logic.
Three input variables have been defined, each of by the triangular function (Fig. 1),
and the output variable as well. Out of Table 1, linguistic values and their reactions
can be seen on the scale varying from 1 to 10. The 3 D responding function and the
FIS rules have resulted in the RPN index value assessment depending on the input
parameters S, O and D.

4. Discussion

Analyzing the RPN results obtained by means of the FMEA method and the fuzzy
logic obtained values, enables a much better assessment of risks connected with the
failure type in the functioning of the systm. Possible consequences of faults have been
allocated to the causes that the faults are the cause of. The advantages of the fuzzy
inference system, included in the FMEA method, are numerous. The introduction
of a professional knowledge and experience [16,17], indefiniteness [18] and of a
nonlinear relation between the RPN index and the S, O and D parameters [19] has
been acceptable.
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5. Conclusion

During the functioning of the system, particular faults, describable in words, can
appear causing difficulties in its operation. After having identified faults that can be the
cause of undesirable risks, a particular number of fuzzy sets can be attributed to them
as well as some numerical values. Therefore, the fuzzy logic algorithm is important in
describing the system behaviour.

A fuzzy conclusion does not allow the appearance of identical RPN values for
different risk factor sets and, based on the results, it is possible to establish priorities
in ranking different faults and their influence on particular corrective measures taken.

As to further researches, it is important to find a method based on fuzzy logic that
can make the testing of parameters integrated in the fuzzy decision-making mechanism
possible, in order to estimate and rank risks connected with the type of fault that could
appear in the functioning of the system. Fuzzy logic is an appropriate tool in the analysis
of priorities when particular FMEA corrective measures methods are taken, thus having
an influence on the reliability system as well.
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Jasminka Bonato, Martina Badurina, Julijan Dobrini¢

Procjena parametara FMEA metode pomocu fuzzy logike

Sazetak

Cilj rada je prikazati FMEA metodu koja se temelji na neizrazitoj tehnici kao novi pristup u analizi
greSaka i njihovih efekata na promatrani sustav. FMEA (engl. Failure mode and effect Analysis) metoda
rizicima dodjeljuje koeficijent, tj. numericki pokazatelj koji vrlo jasno definira stupanj rizika. Rizik se
izraCunava kao matematicka funkcija RPN koja ovisi o u¢incima S, vjerojatnosti O da ¢e neki slucaj
dovesti do pogreske i vjerojatnosti neotkrivanja pogreske D prije nego ostvari svoje ucinke. RPN =S-O
D. FMEA metoda bazirana na fuzzy logici omogucuje. sigurniju procjenu greSaka promatranog sustava.

Kljuéne rije¢i: FMEA, fuzzy logika, RPN
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