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Abstract Failure mode and effect analysis (FMEA) is a pre prevention risk analysis method, which has many shortcomings in
the practical application. The application environment of the traditional FMEA method is highly uncertain. The final result using
the traditional method for analysis deviates greatly from the actual situation. Based on fuzzy theory and multi-attribute decision
model,a risk ranking method of interval-valued hesitant fuzzy TODIM is proposed. Firstly,the interval-valued hesitant fuzzy ele-
ment is used to construct the expert evaluation matrix. Secondly, the objective weights of risk factors are calculated by the maxi-
mum deviation method,and the subjective weights of risk factors are determined by expert evaluating method,and the comprehen-

sive weights obtained by combining the two weights. Finally,the O,S and D of failure modes are evaluated by the TODIM me-

thod. Taking the risk assessment of subway doors as an example,the effectiveness of the proposed method is verified.
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Table 1 Initial evaluation matrix
Ay A, A, Ay
0O {[0.2,0.3],[0.5,0.6]} {[0.4.,0.7]) {[0.5,0.6].[0.7.0.8]} {[0.1.0.3].[0.4,0.5]}
S {[0.6,0.771} {[0.5.0.6]) {[0.2.0.5].[0.6.0.7]} {[0.3,0.47,[0.5,0.6]}
D {[0.4.,0.5].[0.7.,0.8]} {[0.3,0.5].[0.6,0.7]} {[0.4,0.5]} {[0.3.0.5].[0.8.0.9]}
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Table 2 Extended normalized evaluation matrix

A A, Ay Ay
0O {[0.2,0.37,[0.5,0.6]} {[0.4,0.7],[0.4,0.7]} {[0.5,0.61,[0.7,0.8]} {[0.1,0.37],[0.4,0.5]}
S {[0.6.0.7].[0.6.0.7]} {[0.5,0.6],[0.5,0.6]} {[0.2.0.5].[0.6.0.7]} {[0.3.0.4].[0.5.0.6]}
D {[0.4,0.5],[0.7.0.8]} {[0.3,0.5],[0.6,0.7]} {[0.4,0.5],[0.4.0.5]} {[0.3,0.5],[0.8.,0.97}
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Table 3 Distance measure of each failure modes under risk factor

d(A Ay d(AAy) d(AAD d(Ay.Ay) d(Ag.AD d(Ay A

(6] 0.235 0. 255 0.087 0.173 0.269 0.328
S 0. 100 0.224 0.224 0.173 0.141 0. 100
D 0.087 0.212 0.087 0.150 0.141 0.287
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Table 4 TImportance evaluation of risk factors by experts

E! E? E8 E*

(6] 0.7 0.4 0.7 0.6
S 0.5 0.9 0.7 0.4
D 0.8 0.8 0.8 0.6
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Table 5 Dominance degree matrix under risk indicator O

A, A, Ay A,
Ay 0.00 —0.78 —0.81 0.18
A, 0. 30 0.00 —0.67 0.32
Az 0.31 0.26 0. 00 0. 36
A, —0.47 —0.83 —0.92 0. 00
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Table 6 Dominance degree matrix under risk indicator S

Ay Ay As Ay
A, 0.00 0.17 0.25 0.25
Ay —0.61 0.00 0.22 0.20
As  —0.91 —0.80 0.00 0.17
Ay —0.91 —0.72  —0.61 0.00
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Table 7 Dominance degree matrix under risk indicator D
A, A, A A,
Ay 0.00 0.17 0.27 —0.61
A, —0.61 0.00 0.23 —0.61
As —0.61 —0.61 0. 00 —0.61
Ay 0.17 0.22 0.31 0.00
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Table 8 Overall dominance degree matrix of failure modes

Ay Ay Ay Ay
Ay 0 —0.44 —0.30 —0.18
Ay —0.91 0 —0.23 —0.09
As —1.20 —1.14 0 —0.08
Ay —1.21 —1.33 —1.21 0
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Table 9 Risk priority ranking order of failure modes

Ay A, Aj Ay
S(A) 1. 00 0. 89 0.47 0.00
Rank 1 2 3 4
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Table 10 Result of sensitivity analysis

Value of parameter 6 Rank of failure modes
0.1 A=A, > A3 = A,
0.5 A=A, >A3>A,
1 A1 >A, >A3>A,
2 AL >A>A3>Ay
3 A1 >A, >A3>A
4 A=A, >A3 A,
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Table 11  Risk priority ranking results of comparison method
Ay Ay As Ay
CI'(A) —0.140 —0.112 —0.595 —1.611
Rank 2 1 3 4
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