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ABSTRACT

Introduction: Failure modes and effects analysis (FMEA) method is used in industries to identify, assess
and prioritize risks. Multi-criteria decision-making methods (MCDM) select the best option from different
criteria. Therefore, this study aims to identify, assess and prioritize risks using FMEA based on SWARA-
VIKOR multi-criteria decision-making methods in a gas pressure reduction station.

Material and Methods: In this descriptive and analytical study, stepwise weight assessment ratio analysis
(SWARA) and decision-making optimization and compromise solution (VIKOR) methods were used to rank
the risks of failure modes identified in FMEA. SWARA method was employed to determine the severity,
probability and discovery weights, and VIKOR technigue was applied to rank the failure modes of the
system equipment. Finally, an operational example of the pressure reduction station was presented
to show the application and feasibility of the proposed model. A comparative study was conducted to
confirm the practicality and effectiveness of the proposed model.

Results: In total, 35 main failure modes were identified in the pressure reduction station. Failure of
regulator sleeve and safety valve and regulator diaphragm rupture were assigned the first, second and
third ranks of risk priority, respectively. The sensitivity analysis results showed the proposed approach had
desirable stability and only the failure mode of increasing the heater flame temperature was very sensitive
to changes in the weight of the criteria. Results of ranking the failure modes of the station indicated there
were many changes in the ranking of failure modes based on the proposed approach.

Conclusion: The proposed approach could provide more reasonable and accurate results for ranking risks
because the criteria were weighed step by step based on the experts’ opinion.
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1. INTRODUCTION

City Gate Stations (CGS) are important
facilities in the gas transportation system at the
point of consumption of industries, industrial
towns, and cities. Any deviation in the operation
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of such a system can cause costly or catastrophic
consequences. Therefore, in order to prevent
undesired events, it is important to carry out risk
analysis.

Several approaches have been represented as
risk analysis methods including event tree analysis
(ETA), fault tree analysis (FTA), bow-tie analysis
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(BTA), hazard and operability analysis (HAZOP),
and failure mode and effect analysis (FMEA),
among others. FMEA is recognized as one of the
most practical analytical methods that can be
applied for defining, identifying, and eliminating
multiple failures of a system before they occur.
Despite the widespread use of this method, FMEA
has limitations such as the inability to manage
unspecified failure data including subjective
assessment of experts, lack of weight values of risk
parameters and, inability to consider conditionality
between failure events.

Therefore, approaches should be sought that
can compensate for the shortcomings of the
FMEA method and improve the ability to evaluate
and rank failure situations based on three related
risk factors. Accordingly, the present study takes
this research gap into account and uses multiple
criteria decision making (MCDM) techniques to
resolve the above-mentioned limitations. In this
study, the stepwise weight assessment ratio analysis
(SWARA) was used to determine the weights
of intensity, probability, and detection, and the
visekriterijumska optimizcija i kaompromisno
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resenje (VIKOR) technique was employed to
provide prioritization levels for the system
equipment failure mode. Therefore, this research
aimed to evaluate the risk using the FMEA method
based on the MCDM methods SWARA-VIKOR in
a gas pressure reduction station.

2. MATERIAL AND METHODS

This descriptive-analytical study was conducted
in 2022 to develop the FMEA method in one of
the pressure reduction stations located in North
Khorasan Province. First, the specifications of
the CGS and its main equipment are presented,
followed by the steps of the approach proposed in
this study.

The main components of these stations include
the following:

- Filtration system

- Heating system

- Pressure reduction system (regulators, safety
valve, and shut-off valve)

- Deodorizing system

This study was performed based on the
following steps (Fig 1).
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3. RESULTS AND DISCUSSION

First, the main failures of the CGS were identified
using the FMEA method. For, the regulator, filter,
heater, odorizing system, safety valve, shut-off valve,
gauge, pipeline, meter and valves 7,5,6,3,3,3,1,3,3,2,
and 2 failures were detected, respectively. The
probability of deterioration and detection of risk
priority numbers (RPN) were calculated, and,
based on the calculated number, the failures were
prioritized (Table 1).

Based on the results of expert weighting, the
risk severity index (0.45) had higher priority

than the occurrence (0.35) and diagnosis (0.2)
indicators, which demonstrated the importance of
this criterion for experts.

In this study, the probability criteria of
occurrence and severity had a positive aspect and
the detection criterion had a negative aspect based
on the range of the scores of the VIKOR method.
After completing the phases of the VIKOR decision
technique, the most important step is to determine
the desirability and non-desirability of each option,
and perform the final calculation of the VIKOR
index (Table 2).

Table 1. Final risk priorities based on FMEA

Type of
equipment

Type of defect

Failure 1: stop
Failure 2: Vibration
Failure 3: Closing defect
Regulator Failure 4: Rupture of the diaphragm
Failure 5: Corrosion
Failure 6: Sleeve failure
Failure 7: Uring failure
Failure 1: stop
Failure 2: Mesh filling
Filter Failure 3: Dirty filter
Failure 4: Corrosion
Failure 5: Cartridge failure
Failure 1: stop
Failure 2: Increased flame temperature
Failure 3: Defective startup

Heater
Failure 4: Corrosion
Failure 5: Tube failure
Failure 6: Electrical connection
. Failure 1: Improper injection
Deodorizer . . . R
Failure 2: Injection device not adjusting
system

Failure 3: Filter failure
Failure 1: stop
Safety valve Failure 2: Washer failure
Failure 3: Corrosion
Failure 1: stop

Shut-off
o Failure 2: Washer failure
valve ; -
Failure 3: Corrosion
Gauge Failure 1: Measurement error
Failure 1: Corrosion
Pipeline Failure 2: Connections failure
Failure 3: Tube clogging
Count Failure 1: stop
ounter
" Failure 2: Wrong display
Failure 1: Failure
Valve

Failure 2: Washer failure

[ DOR!

Severity = Occurrence  Detection Priority
6.9 5.2 4 143.5 12
4.8 3.9 5 93.69 23
6.2 4.1 3.8 96.6 22
8.8 5.15 3.8 172.2 3
4.1 4.2 5 86.1 25
8.8 6.9 3.1 188.2 1
6.2 3.85 3.1 74 29
5.8 4.9 6 170.5 4
6.2 4 3 74.4 28
4.5 5 3 67.5 30

5 3.8 52 98.8 20
4.55 4 3 54.6 34
6.8 5 4.8 163.2 6
6.2 5.5 4 136.4 13
4.5 5.6 3 75.6 27
5 3.85 5 96.3 23

4.2 4 151.2 8
5.9 4.5 5 132.8 14
5 6.8 3 102 18
5.9 4 4 94.4 24
9 4.1 4 147.6 10
9 4.2 3 1134 16
9 4 4.25 153 7
5 3.85 5.1 96.9 21
6.9 5 5 172.5 3
7 4.1 4.3 1234 15
5 3.85 5.2 100.1 19
5 4 3 60 33
5 3.86 5.3 102.3 17
9 3.9 4.2 147 11
5.9 42 32 79.3 26
4 3.85 4 61.6 32
37 3 44.4 35
7 5.9 4 165.2 5
8.8 4.2 4 147.8
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Table 2. Values of final VIKOR index and ranking of station values

Potential risk to VIKOR normal .
Type of Failure data safety decision matrix Utility Regret Fnat Priority
equipment VIKOR
Failure 1 6.8 515 395 0.154 @ 0.116 0.089 0.339 0.17 0.22 7
Failure 2 42 385 5.5 0.095 0.087 0.124 0.73 0.386 0.851 35
Failure 3 6.2 4.2 3.5 0.14 0.095  0.079 0.501 0.278 0.647 20
Regulator Failure 4 8.5 5.15 3.8 0.192  0.116  0.086 0.187 0.17 0.112 3
Failure 5 3.9 3.85 52 0.088 = 0.087 0.118 0.665 0.323 0.725 30
Failure 6 8.5 6.6 3.05 0.192 0.149 0.069 0.014 0.014 0.109 1
Failure 7 6.2 3.85 3 0.14 0.087 = 0.068 0.54 0.319 0.426 11
Failure 1 59 4.85 6 0.133 0.11 0.136 0.463 0.235 0.692 28
Failure 2 6.2 3.85  3.05 0.14 0.087 = 0.069 0.54 0.319 0.55 16
Filter Failure 3 4.6 4.9 3.05 0.103 0.111 0.069 0.564 0.354 0.579 17
Failure 4 3.9 3.85 5.2 0.115 = 0.087 0.118 0.67 0.323 0.747 32
Failure 5 3.6 385 3.1 0.103 = 0.087 0.07 0.688 0.354 0.681 25
Failure 1 6.4 5.15 4.6 0.145 = 0.116 0.104 0.378 0.187 0.607 18
Failure 2 59 5.6 4.1 0.133  0.127  0.093 0.367 0.235 0.632 19
Failure 3 4.6 5.3 3.05 0.103 0.12 0.069 0.517 0.354 0.321 9
Heater poilure4 39 386 52 0111 0087 0118 0665 0323 0.731 31
Failure 5 8.5 4.2 4.3 0.192 = 0.095 @ 0.097 0.297 0.278 0.524 13
Failure 6 5.9 4.2 52 0.133  0.095 0.118 0.536 0.278 0.690 27
Failure 1 4.9 6.6 3.05 0.111 0.149  0.069 0.336 0.113 0.113 4
Deodorizer ;
system Failure 2 59 385 395 0.133 0.087 0.089 0.572 0.319 0.679 23
Failure 3 8.5 4.2 4.3 0.192 = 0.095 0.907 0.297 0.278 0.499 12
Failure 1 8.5 4.2 3.1 0.192  0.095 0.07 0.292 0.278 0.11 2
Safety valve = Failure 2 8.5 4.2 4.3 0.192 = 0.095 0.097 0.297 0.278 0.536 14
Failure 3 4.9 3.85 5.2 0.111 0.087  0.118 0.665 0.323 0.793 33
Failure 1 6.8 4.5 535 0.102 @ 0.102 0.121 0.417 0.242 0.683 26
Sl‘l’::;:ff Failure 2 6.5 4.2 4.3 0.147  0.095  0.097 0.477 0.278 0.680 24
Failure 3 4.9 3.85 5.2 0.111 0.087  0.118 0.665 0.323 0.797 34
Gauge Failure 1 4.9 3.85 3 0.111 0.087  0.068 0.655 0.323 0.657 21
Failure 1 4.9 3.85 5.2 0.111 0.087  0.118 0.665 0.323 0.699 29
Pipeline Failure 2 8.5 4.2 4.2 0.192  0.095  0.095 0.297 0.278 0.255 8
Failure 3 59 4.2 3 0.133 = 0.095 0.068 0.526 0.278 0.341 10
il Failure 1 3.9 3.85 345 0.088 0.087 0.078 0.749 0.414 0.678 22
Failure 2 6.9 3.85 3.05 0.156 0.087 0.069 0.476 0.319 0.219 6
Failure 1 6.6 5.9 4.1 0.15 0.133 0.093 0.268 0.168 0.218
Valve Failure 2 8.5 4.2 4.3 0.192 = 0.095 @ 0.097 0.297 0.278 0.548 15
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The sensitivity analysis of this study was
performed by substituting the weight of each
criterion with another criterion. The sensitivity
analysis indicated that, in most cases, options
ranking remained the same or slightly changed.

Table 3 also provides the ranking results of
the station’s main defects using the proposed
combined approach and the FMEA method.
According to the results, many changes were
observed in the ranking of defects based on the
proposed approach with the FMEA method and
only in three failures including the regulator
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sleeve failure, rupture of regulator diaphragm and,
valve structural defect, however, the same results
were obtained for both methods.

The findings demonstrated that the proposed
approach can provide more reasonable and
accurate results for risk rating. First, it was
indicated that there were many differences between
the rankings provided by the two traditional
approaches and the proposed approach. The reason
for these inconsistent rankings could be mainly
related to the relative importance of the criteria of
severity, probability of occurrence and detection in
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Table 3. The ranking results using the proposed approach and FMEA method

‘ Type of equipment  Failure Traditional FMEA  Proposed approach

Failure 1
Failure 2
Failure 3
Regulator Failure 4
Failure 5
Failure 6
Failure 7
Failure 1
Failure 2
Filter Failure 3
Failure 4
Failure 5
Failure 1
Failure 2
Failure 3

Heater 3
Failure 4
Failure 5
Failure 6
Failure 1
Deodorizer system Failure 2
Failure 3
Failure 1
Safety valve Failure 2
Failure 3
Failure 1
Shut-off valve Failure 2
Failure 3
Gauge Failure 1
Failure 1
Pipeline Failure 2
Failure 3
Failure 1

Counter -
Failure 2
Failure 1

Val
ve Failure 2

calculating RPN and the weight of the criteria, and
changes in the proposed ranking for failure cases
were not included in the FMEA ranking. Second,
in an RPN, different sets of intensity, probability of
occurrence and detection might have the same RPN
value, but differ in ranking based on the proposed
approach. Therefore, given this deep gap, the new
hybrid approach can properly solve this problem
by providing an accurate ranking for each risk and
differentiating the results.
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12 7
23 35
22 20
3 3
25 30
1 1
29 11
4 28
28 16
30 17
20 32
34 25
6 18
13 19
27 9
23 31
8 13
14 27
18 4
24 23
10 12
16 2
7 14
21 33
3 26
15 24
19 34
33 21
17 29
11 8
26 10
32 22
35
5
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