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ABSTRACT

Introduction: Failure Mode and Effects Analysis (FMEA) is a structured way to find and understand
the states of a system’s failure and to calculate the resulting effects. In this method, which has been
criticized by many researchers, the risk priority number is obtained for each failure mode based on the
multiplication of the three parameters of occurrence (0), severity (S) and detection (D). In order to
overcome the disadvantages of the traditional method of FMEA, such as ranking the failure and weighting
the parameters, this research proposes a model in the fuzzy set.

Material and Methods: The model proposed in this paper is a nonlinear model for weighting the
parameters of the FMEA and the revised TOPSIS method for ranking the failures, which is used for the first
time to improve the FMEA method.

Results: The proposed model was presented in the Copper Complex of Shahr-e-Babak to assess safety
risks. Based on the results of the study, it was found that in this proposed model, the weights of severity
and detection were 0.479 and 0.186, respectively, and the results of the ranking showed that the risks of
falling from height and getting stuck between objects had the highest and lowest priorities, respectively.

Conclusion: In the proposed model, based on Logarithmic Fuzzy Preference Programming and the revised
TOPSIS method, the definite weights of the parameters were presented without any fuzzy number ranking
and risk ranking with more criteria, respectively. Therefore, the proposed model has a higher ability compared
to the traditional FMEA, and its application can be recommended to determine the ranking of risks.

Keywords: Failure Mode and Effects Analysis, risk assessment, fuzzy logic, Logarithmic Fuzzy Preference
Programming, revised TOPSIS
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1. INTRODUCTION

One of the common methods of risk evaluation
is Failure Mode and Effect Analysis (FMEA). Many
researchers have criticized this method due to its
weaknesses, despite its wide application in risk
evaluation. In the present study, a hybrid model
is proposed to overcome the disadvantages of the
traditional method. Since FMEA is a method of
group risk evaluation, there are different types of
uncertainties, such as ambiguity and inaccuracy
in mental and qualitative evaluations of team
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members. All evaluations have been performed
in a fuzzy environment to solve the problem of
uncertainties in the evaluation of failure and
weighted modes of parameters. Another problem
with the FMEA method is that the parameters
are not of the same importance. So, in this study,
a nonlinear method named Logarithmic Fuzzy
Preference Programming (LFPP) is used for the
first time, in which the definite weights of the
parameters are determined without the fuzzy
number ranking step. Since the FMEA method is
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decision-issued, one needs to prioritize the risks;
in other words, risk rating is mandatory. Given
that the equivalence of different options in a fuzzy
environment is one of the problems in decision-
making, it is necessary to make further distinctions
to identify all the options. Therefore, in this study,
the revised fuzzy TOPSIS method has been used to
rank the risks for the first time. In the revised fuzzy
TOPSIS method and the closeness coefficient, two
criteria of average value and shape value are also
used to rank the risks.

2. MATERIAL AND METHODS

To overcome the disadvantages of the traditional
FMEA method, such as the same importance of the
factors and risk rating, this paper proposes a model
in a fuzzy environment, whose conceptual model
is shown in Figure 1. The proposed model includes
the three methodologies of nonlinear LFPP model,
fuzzy logic, and revised fuzzy TOPSIS. This is the
first time such a combination is used to improve
the FMEA method. The proposed model can be
described as follows.

Phase 1: A decision-making team consisting of
experts identified system failure modes, and the
estimation of parameters dependent on the FMEA
method was done for each risk.

Phase 2: In this phase, the weights of the
parameters were estimated by the LFPP model, and
the failure modes were ranked by the revised fuzzy

Risk identification

Accurate assessment of
the weights of criteria
using the LFPP model

Using the modified
TOPSIS to rank the

risks

TOPSIS method in a fuzzy environment.

Also, in this section, the efficiency and
performance of the proposed model for risk
assessment are revealed. For this purpose, safety
and occupational accidents risks were done using
this model in the warehouse unit of Shahr-e-Babak
Copper Complex.

In the first phase of the proposed model, several
risks have been identified, first with the opinion of
five safety experts and specialists in accordance with
the occurred incidents. These risks included falling
from height (Risk 1), slipping (Risk 2), getting stuck
between objects (Risk 3), collisions with moving
objects (Risk 4), collisions with stationary objects
(Risk 5), and high muscle tension during working
with objects (Risk 6).

In the first stage of the second phase of our
proposed model, the LFPP method was used to
determine the weights of parameters dependent
on the FMEA method. In this method, paired
comparisons were performed between three
parameters by linguistic variables with triangular
fuzzy numbers (TFN) corresponding to them,
according to the research conducted by Wang
et al. (2016), as shown in Table 1. After polls and
pairwise comparisons by the experts, the arithmetic
mean of the comments was calculated, as shown in
Table 2. Finally, by using the data in Table 2 and the
LFPP model, the weight of each of the parameters
related to the FMEA method was calculated with
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| pairwise comparison '
,  among experts to '
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' of criteria with !
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Distribution of a
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Fig. 1: Conceptual model of the proposed approach
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Lingo software version 9, as shown in Table 4.
Table 4 shows the consistency index with variable
A\, and the weights of the parameters of occurrence,
severity, and detection obtained from solving the
LFPP model by the variables W2, W1 and W3,
respectively.

In the second stage of the second phase, with a
survey of system experts, the risk of the parameter
was formed in each of the failure modes according
to the parameters of severity, occurrence, and
detection, and using matrix language variables, so
that the rows indicated the risks and the columns
represented the parameters. Table 3 shows the
linguistic variables used in this step and the
fuzzy numbers assigned to each, defined with the
help of the experts and previous articles. Table 5
shows the parameter risk matrix in which Table 3
is used to determine each parameter, occurrence,
severity and detection related to each risk. Also, the
closeness coefficient, mean value and shape value
were calculated for each risk in the revised fuzzy
TOPSIS method, and then the risks were compared
and ranked using these values.

3. RESULTS AND DISCUSSION
Due to the limitations and disadvantages of

the traditional FMEA method, many researchers

have tried to improve its performance. The main
problems in the assessment of risks by the FMEA
method can be stated as follows:

« Evaluation of the parameters of failure modes,
and numerically weighting the parameters
(between 1 and 10).

o Consideration of the same weights for
the parameters (severity, occurrence, and

detection).

o  Prioritization of the risks based on the RPN
number; in some cases, these numbers are the
same, or if they are close to each other, risk
prioritization is difficult.

Having in mind the first problem and that

FMEA is a method of group risk assessment;

there are different types of uncertainties such as

ambiguity and inaccuracy of opinions in the mental
and qualitative assessments of team members.

In order to solve the problem of uncertainties in

evaluating the parameters of failure and weighted

modes, all evaluations in the fuzzy environment are
performed in the form of triangular fuzzy numbers.

The use of fuzzy numbers and their corresponding

qualitative expressions are more consistent with

their subjective judgments and can counter the
ambiguities in the subjective judgments of experts

and the lack of uncertainty in the system. As a

result, the accuracy of the risk assessment results

increases.

Another problem with the FMEA method is that
the parameters are not of the same importance. So,
in the present study, the LFPP method is used for
the first time. This method provides the definitive
weights of the criteria without the fuzzy number
ranking step. After solving the nonlinear LFPP
model by Lingo software, the results are presented
in Table 4, in which A denotes the objective
function and W2, W1 and W3 are the weights of
occurrence, severity and detection, respectively. If 0
<\, then the expert judgments and comparisons are
consistent. Also, the values of W1, W2 and W3 are
0.335, 0.479 and 0.186, respectively, which are the
maximum and minimum weight values for severity

Table 1: Fuzzy evaluation scores for rating the risk factor weights

Reciprocal scale of TEN Triangular fuzzy number
(1,L,1) (1¢1¢1)
(2/3,1,2) (1/2,1,3/2)

(1/2,2/3,1) (1,3/2,1)
(2/5,1/2,2/3) (3/2,2,5/2)
(1/3,2/5,1/2) (2,2/5,3)
(2/7,1/3, 2/5) (5/2,3,7/2)

Crisp scale of traditional AHP
1 Equally important

2
3
4
5
6

Linguistic variable

Weakly important
Fairly important
Strongly important
Very Strongly important
Extremely important

Table 2: Aggregated importance weights of risk factors suggested by the five members of the FMEA team

Occurrence(O)
Occurrence (O) (1,1,1)
Severity (S) (1,1.5,2)

Detection (D) (0.39, 0.51, 0.78)

856

Severity (S) Detection (D)

(0.51, 0.7, 1.13) (1.8,2.3,2.8)

(1,1,1) (1.6, 2.1, 2.6)
(0.42, 0.55, 0.85) (1,1,1)
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and detection, respectively. One of the reasons for
the high importance of the severity parameter (W2
= 0.479) compared to the occurrence parameter
in Table 4 is the high severity and intensity of
injuries to personnel in the studied industry. On
the other hand, the occurrence parameter has the
second importance (W1 = 0.335) due to the high
prevalence of accidents in the studied industry.
Also, the reason for the low importance of the
detection parameter (W3 = 0.186) compared to the
other two parameters, according to the experts, is
that the equipment and sites of this industry are
equipped with risk identification devices and daily
visits.

The advantage of the LFPP method used in the
proposed model over the fuzzy AHP method is that
it provides the definite weights of the parameters
without the fuzzy number ranking step, while the
AHP method requires the fuzzy number ranking
step. In addition, different methods of ranking
fuzzy numbers can lead to different results. Also, in
the AHP method, the comparison matrix must be
completed and consistent; otherwise, this method
cannot be used, or we will get wrong answers. But
in the LFPP model, such limitations do not exist.
On the other hand, in this method, unlike the fuzzy
AHP method, it is not needed to normalize the
decision matrix, and a fixed and definite model is
used to obtain the weight and compatibility criteria.

Since the FMEA method is decision-issued,
one needs to prioritize the risks; in other words,
risk rating is mandatory. Therefore, in the present

0to5
Very few failures First Aid Case ©
percent
Relatively fe 1
€ at?ve yew Medical Treatment Case >to 10
failures percent
. . Partial Permanent 10 to 15
Occasional failures X
Disablement percent
The number of . 15 to 20
. s Fatality
failures is high percent
Up to 20
Repeated failures Multiple Fatality L
percent

Table 3: Linguistic variables used for rating the parameters dependent on the FMEA

study, the revised fuzzy TOPSIS method has been
used for the first time to compare the risks with the
three criteria of closeness coeflicient, mean value
and shape value, the values of which are presented
in Table 5. On the other hand, as shown in Table
5, the risk ratings obtained using the traditional
method and the proposed approach are different.
More precisely, the ranking done in the traditional
method has the same priority for some of the risks,
so that the risks of falling from height and high
muscle tension have the first priority, while the
risks of collision with stationary objects and getting
stuck between objects have the fourth priority.

Also, according to Table 5, the revised fuzzy
TOPSIS method used in the proposed approach
can be compared with conventional TOPSIS.
Thus, according to the conventional TOPSIS
method, which only uses the closeness coefficient
to compare options, after calculating the closeness
coeflicient, it was observed that the first risk had
the first priority, and the second, fourth, fifth and
sixth risks had the second priority because their
closeness coefficients were the same. Moreover, the
third risk had the third priority.

However, in the proposed method of the
present study, the risks are carefully ranked
according to the importance of parameters and
risk assessment by experts, and each has a specific
priority (between 1 and 6). In the proposed
method, due to the importance of the parameters,
only two risks will get the same rating if all the
conditions mentioned in steps 5 to 7 of the revised

Triangular fuzzy Crisp Symbol Linguistic
ymbo)

number scale variable

(0,0,2) 11,2 VL Very Low
(1,3,5) 3,4 L Low
(3,5,7) 5,6,7 M Medium
(5,7,9) 8,9 H High
(8,10, 10) 10 VH Very High

Table 4. Weights of risk factors obtained by the LFPP method

A Wi

0.489 0.335
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fuzzy TOPSIS method are met. Thus, in the
revised fuzzy TOPSIS method, after calculating
the closeness coeflicient, it was observed that the
first risk had the first priority, the second, fourth,
fifth, and sixth risks had the second priority due to
the same closeness coefficient, and the third risk
had the third priority. Considering the similarity
of the closeness coefficients of risks number 2, 4,
5, and 6, we go to the next step and calculate the
mean criterion for these risks. After calculating
the mean criterion, as shown in Table 5, the mean
of the sixth risk is more than that of the fourth
risk, the mean of the fourth risk is more than that
of the second risk, and the mean of the second risk
is more than that of the fifth risk. Therefore, the
final ranking of the risks is Risk1 <Risk 6<Risk4<
Risk2< Risk 5 <Risk 3.

One of the features of the proposed model is
that it can be used to assess safety, environmental
and health risks in all organizations. The proposed
model was presented in Shahr-e-Babak Copper
Complex to assess safety risks. The research
results show that in this model, impact severity
and detectability parameters have the highest
and lowest weights, respectively, with a positive
compatibility index. The ranking results also show

Journal of Health and Safety at Work 2023; 12(4)

that risk 1 has the highest priority, and the third
risk has the lowest priority.

4. CONCLUSION

In order to overcome the disadvantages of
the traditional FMEA method, such as ranking
the failure modes and weighting of parametric
heights, this study proposed a model in a fuzzy
environment. The LFPP model was used to
eliminate the uniformity of weights related to
risk assessment parameters in the traditional
method. Also, to prioritize the risks, the revised
fuzzy TOPSIS method was used. Triangular fuzzy
membership functions were used to solve the
problem of uncertainty in the data. In order to
show the superiority of the proposed method over
the existing methods, the risks introduced by the
safety unit of Shahr-e-Babak Copper Complex were
examined. This study showed that the proposed
method could prioritize the risks and overcome the
limitations of the traditional FMEA method.
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