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Fuzzy TOPSIS risk evaluation method considering failure modes correlation
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Abstract: Criticality analysis method based on Risk Priority Number(RPN) in Failure Mode Effects
and Criticality Analysis(FMECA), is usually utilized to identify risk factors, determine the critical failure
mode and weak links to provide decision-making basis. In traditional RPN, the evaluation information is
deterministic and the correlation of failure modes is not considered. In the actual work, the evaluators can
only give uncertain evaluation information due to their own attributes and the level of understanding the
evaluation objects. Usually there is correlation between failure modes, which will affect the final hazard
analysis results. Aiming at the existing problems, the fuzzy RPN evaluation method based on Technique for
Order Preference by Similarity to Ideal Solution(TOPSIS) for the triangular fuzzy evaluation information is
studied by using the House of Reliability(HoR) to consider the correlation of failure modes. Finally, the
RPN values obtained in different cases are compared with the actual case. The results show that the fuzzy
RPN evaluation method considering failure mode correlation can improve the reliability of RPN value and
provide more reliable basis for risk decision.

Keywords: Failure Mode Effects and Criticality Analysis; Risk Priority Number; failure modes
correlation; House of Reliability; triangular fuzzy number; Technique for Order Preference by Similarity
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Tablel Evaluation standards of severity,occurrence, detection and their ratings

severity of effect probability of occurrence likelihood of detection rating
hazardous without warning =12 absolutely impossible 10
hazardous with warning =1/3 very remote 9
very high =1/8 remote 8
high =1/20 very low 7
moderate =1/80 low [3
low =1/400 moderate 5
very low =1/2 000 moderately high 4
minor =1/15 000 high 3
very minor =1/150 000 very high 2
none <1/1 500 000 almost certain 1
2 o JUHEPFHEN
Table2 Scoring criteria of ¢;. value
correlation criteria taking value
very high one failure mode is the direct cause of another 1.0
very high one failure mode negatively affects the other 0.9
high one failure mode is closely related to another 0.8
high one failure mode is associated with another 0.7
moderate one failure mode is moderately related to another 0.6
moderate one failure mode can lead to another 0.5
low there is a low correlation between one failure mode and the other 0.4
low there is a very low correlation between one failure mode and the other 0.3
minor one failure mode rarely leads to another 0.2
minor one failure mode hardly affects the other 0.1
none one failure mode has no effect on the other 0
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Table3 Deterministic evaluation information table for FMECA analysis of pneumatic thin film control valve

deterministic triangular fuzzy number
item failure mode evaluation information evaluation information
S 0 D S o] D
FM, film rupture 6 5 4 (5,6,8) (4,5,6) (3,4,5)
FM, sealing diaphragm poor sealing performance 5 4 4 (4,5,6) (3,4,5) (3.4,5)
FM; bracket vibration 4 2 1 (3,4,5) (1,2,3) (1,1,2)
FM, push rod bent or broken 8 1 1 (7,8,9) (1,1,2) (1,1,2)
FM; spring deformation 7 3 5 (6,7,8) (2,3.4) (4,5,6)
FM; spring seat fatigue fracture 5 1 2 (4,5,6) (1,1,2) (1,2,3)
FM; valve body corrosion 4 1 7 (3.4,5) (1,1,3) (6,7,9)
FMg loose seat 4 3 7 (3.4,5) 2,3,4) (6,7,8)
FM, spool off 8 3 5 (7,8,10)  (2,3.4) (4,5,6)
FM,, vibration of guide sleeve 4 2 3 (3,4,9) (1,2,3) (2,3,4)
FM,, leakage between bonnet and valve body 4 3 2 (3.4,5) 2,3,4) (1,2,3)
FM,, stem bend 8 4 5 (7,8,9) (3.4,5) (3,5,6)
FM3 stem connection disengaged or broken 5 5 1 (4,5,6) (4,5,6) (1,1,2)
FM4 too much friction 6 5 3 (4,6,8) (4,5,6) (2,3,5)
FM,s seal leak 4 8 3 (3,4,5) (7,8,9) (2,3,4)

K 4 HOEA OGRS A

Table4 Dependency matrix A of failure modes

failure modes FM, spring seat FM, spool FM,, vibration FM,, stem FM,; stem connection

fatigue fracture off of guide sleeve bend disengaged or broken
FM; bracket vibration 0.2 0.1 0.5 0 0.3
FM,, vibration of guide sleeve 0.1 0.3 1 0 0.1
FM,, stem bend 0 0 0 1 0.3
FM,4 too much friction 0 0 0 0.1 0.1
0.3
0.5
0.1
0.1
0.2 0.1
0.3 !
0.3 0.1

FM, | FMy | FM; | FM, | FMs | FMs | FM; | FMy | FMy | FM\o| FM, | FMyo| FMys | FMy | FMs

S [(5,6,8)(4,5,6)|(3,4,5((7.89)[(6,7.8) | (4,5,6)] (34,5 (34,5 (7.8,10)| (3.4,5)| (3,4,5)| (7,8,9)| (4,5.6) | (4,6,8) (3,4,5)

0 |(456]345]01.23)((1,1.2]234)|(1,1.2[ 113|234 234 (123)] 234 (345|456 4,56 | (789

D [(345)|G49[(1,12)[112) [456) [(123)](6.7.9](6,7.8)4,56)](23.4)](1.23)| 6,56 (1.12)] 235 23.4)

Fig.4 House of Reliability of pneumatic thin film control valve
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