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Reliability and Risk Evaluation Model
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DUAN Chun yan, WANG Jia jie, WANG Hao bo,
ZHANG Wen juan

(School of Mechanical Engineering, Tongji University, Shanghai
201804, China)

Abstract: To address the problem of reliability and risk
assessment of intelligent manufacturing systems, an
improved failure mode and effects analysis (FMEA)
model for intelligent manufacturing systems is proposed
for the reliability and risk evaluation of intelligent
manufacturing systems. The FMEA model is improved
from the perspective of innovative use of combined
weight, the idea of technique for order preference by
similarity to ideal solution and fuzzy vlsekriterijumska
optimizacija i kompromisno resenje. In the calculation of

the weights of decision makers, the weights of decision
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makers are obtained based on the idea of technique for
order preference by similarity to ideal solution, in which
the fuzzy analytic hierarchy process is used to calculate
the subjective weight of risk factors and the entropy
weight method is used to calculate the objective weight of
the risk factors, which reduces the subjectivity. The
results obtained from the improved model are analyzed by
applying partition around medoids (PAM) clustering
algorithm and applied to the risk evaluation of intelligent
manufacturing systems, The importance of each failure
mode in the intelligent manufacturing systems is
determined, and the effectiveness of the improved model

is verified by comparative analysis.

Keywords: intelligent manufacturing systems; failure modes
and effects analysis; fuzzy vlsekriterijumska optimizacija i
kompromisno resenje; reliability; risk evaluation; partition

around medoids (PAM) clustering algorithm
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X Ak % R 11 R (enterprise resource planning,
ERP) | il i& 4 17 & 4t (manufacturing execution
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X & e 25 52 i 43 A (failure mode and effects
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Tab.1 Evaluation criteria of linguistic variables and its triangle fuzzy numbers
EEER TEEES RESEO AIERWEED =FAERIE
EFAR(VL) X AEA T LR TER LA KR AR SR B G E R (0,0,2)
fIK(L) RYHEN1T, W R G UIfe F % B RA T PR R A ] 2 R (0,2,4)
hEE(M) RYGBITRE T R G0 R MR EA ZEAR AN A I AR & B s (3,5,7)
= (H) REGBA T BT RETIRE A ™ E R 2R 2 AR KA 2 AAG I e - B o (6,8,10)
e (VH) RY4E LBl W K TCPEM B (8,10,10)
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* b (%)
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STRCE , JZ R AR (AHP) 85 R AE 2 )2 IR 2 IR &S
A 3 3 PR R LA B SRRUEE T FAHP B A5
WIELS 5 AHP 456, 18 TAM & R AR5
I, AR SCRE G T FAHP T8 AR . B4 AT LAk
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Tab.2 Risk factor evaluation linguistic variables

corresponding to triangle triangular fuzzy

numbers
PR L =S T X =R
JEHI(VS)  (3/2,2,5/2) | ®IH(FW) (1/2,2/3, 1)
Bk (FS) (1, 3/2,2) || EwIHBVW)  (2/5,1/2, 2/3)
BRI (1,1,1)
TR,

(DI AU N T RO RO 25 5 R
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FREE A= (9) R T X
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= 1,....k, KA ATREMEREEE X (10) T
V(S=S8.,S....8)=V[(S=8)R.(S=
S;)&..8(S=8S,) ]=min V(S=S,) (10)
(4) ) n A KBS T F B A E R w) =
(d'(A),d'(A,),....d(A)), H F d'(A)=
min V(S,=S,), j=1,2,...,n,j7F 1
Ak, A5 38045 RS PRl 9 3 XA
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R AT A O B L — APl 3 O, IR SR
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2 FROIAFR

AR R RE A 1 ZR ST S B R A 2R A i
FrHERF A, SHREN 4075 RE & SR L Z00 4
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T AE 43 it 45 ¥ 135 (work breakdown structure,
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KR FIAH I SCHRAEE , X7 2 BE il 1 R etk 47 U
W WK RIS ERP MES AT Fifil 2
RGN RGNS BRI — W . AR
ERP 73 Az =45 il Ayt A8 B 0 55 A8 3 — R e
iz I WBS X =AMt — 20 i A Pt R
PR SR8 BEAE 6 AN/ IMEEEL, an &1 1 7 5 il i
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IS I MES 8% S 4 e e, XF MES i#E47 F- 1
R o3 A5 B R AR E 1 PR . Bl BOM 3%
TNPIRRE L BT BRI DG T S A SO T
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Fig. 1 WBS diagram of intelligent manufacturing system
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Tab. 3 Failure modes of intelligent manufacturing system and their consequences and causes

KB

S UHBSR KRB KBURR KRR
FM 1 B GoREE SRR TR Tk PR i RO ol TR T R
FM 2 W@ﬁ;‘ﬁ” W”Hﬁ“‘“%é’% of material) % Tk FFIRAE 3 4 HIEA B BOM 22 Hi B 5
FM3 AP IORE PR P HERURA B P TR R O o P R
FM4 SRR 5P R B IR B bR R R P S R T B
R TR P R PR BT A P i A L
FM5 AT P L Al i BT
FM6 AR AE A WA R R Ve dE NN
FM7 il BOM&HL MES #1521 i BOM A e MRS A A P15 B )2 ERP (1) BOM A HER
) e TR I P TR A L B D b A P L
FM 8 JEATE FEAFE PR DD A BUE SR S0
FMO g OREER ﬁiggﬂbﬁ”ﬁkfﬁ ML e 4 2 i Sl TR BT S IR
FM 10 DIRHGERET R G SRUE P ok E i T T DIRHR LA
ML RTHEE  HEEERSEGR Tk st IPATURERE ARG
FM 12 B TR T A R TA O TR R OhO TR KR AN
pM1g REARRGE AR SRR E AR AR
Yok AR 4 : e
v M Z’Qigﬁ%‘ MRS WA AR T AR B B T SR
FM 15 MR R R i ﬁ*iﬁ%@‘ﬁ” BT Tl A 0. AR (R
FM16 P gisicat PRI S ety e SRR
P A B
FM 17 Gobmibsl ok R E SR g E ﬁjﬁéggfﬁg Tk ol R BT (LR
FM18 TR TR AR I TR TR T LR
FM 19 {4 e R B R A Bk gy OGP LR TR L
. e TS B ARG L LB R
FM 20  F=HioIRZS 72 IR RS AR SE R U SR
FM21 PRAREE  mA SRRl RE | T A ol TR AR T A A
RO I, TR R, 7 B
FM 22 MES %% ST K MES %% R PR )
FM23  MESHiR — MESHEH mﬁ'@%&ﬂ% SHALMES MES #i 2 e P B
FM24 R P B TR0 ) T B B
FM 25 FERE o B T B e e A
FM 26 AR (AR PSS TR R 5 7 B A
PM2T e SISHRTRR ) BEADAA TIPS B TR THZ i
FM28 ;;; -~ SR RGOS T AL B JC A PR A b
FM 29 (kg T RATH A
FM 30 T R TRIE B RATHC A
T4 EFRIENE
Tab. 4 Expert rating table
. S O D
FMi E, E, E, E, E, E, E, E, E, E, E, E4
FM1 H H H H 1 1 M L M 1 M 1
FM30 H vH  VH 1 L VL VL L L L VL L
I AL AL RPN R DAHNACE o] 45 45 A XU PR 7 19 & A EE 0 wp= (0. 146 2,
ARG SRAS PN FL B AERS , R 5 PR o 0.4647,0.389 1), ¥ FEMAE A (LS), 7]

=0 (8)— (1) A5 U P 7~ 1) AL E Dy A3 4B A E w;=(0.331 5, 0.3739, 0.2946).
w=(0.592, 0.210, 0.198), F4ZEA(12)—(14) it S VIKOR J7 X R A AT HE I,
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Tab. 5 Pairwise comparison matrix of risk factors

i
Wy

S (1.00,1.00,1.00) (1.09,1.59,2.09) (1.24,1.59,1.95)
O (0.48,0.64,0.94) (1.00,1.00,1.00) (0.86,1.05,1.29)
D (0.60,0.68,0.84) (0.85,1.05,1.29) (1.00,1.00,1.00)
Pt IR (16) B 5 41> XU Y 5 RO RO e G L e 5
{8, A SCHUR R E R e U (e PHZ EE(7)
— QDB RPN S R QMH ., Hie R

S O D

(DXTHEAT AR, 1550 S, R, QM A {E, I
PLEHER T A/ INBI R HE T 138136 6., Q. (2)—
Q. (1)=0.0023<1/292<0. 345, A] %1 FM26 A~ i
JEFE(A),H T QA(3)—Qa(1)=0.034 1=<1/29,
Q4(4)—Q4(1)=0.040>>1/29, fir LA 15 3] Z P fi#
FM26 .FM20.FM23, i T2X R T HE T,
FM23 [ Q5 FM26 Z 2= 823 BIE , HERAE STE
HEA BT, R A1 QIE T HEA FRRE IS, PR I 2 e =Xk
J¥ S EM20 FI FM26 I3 55— , FM23 55 =,

*6 KRHEXPHQ, S, RE
Tab. 6 Explicit @, S, and R values of failure modes

FEEAHS  Q HA S He& R Ha | RBEAHs Q@  HA S He2 R H4a
FM1 0.194 19 0. 384 17 0. 205 18 FM16 0.201 21 0. 407 21 0.201 17
FM2 0. 256 25 0. 384 16 0. 254 28 FM17 0. 150 13 0.362 14 0.178 12
FM3 0.170 15 0.403 20 0.178 9 FM18 0.192 18 0.427 24 0.187 15
FM4 0.207 22 0.411 22 0. 205 19 FM19 0.109 7 0.311 10 0. 166 7
FM5 0.132 10 0. 395 19 0.151 4 FM20 0.041 2 0.276 4 0.125 2
FM6 0.141 12 0.277 5 0. 205 20 FM21 0.137 11 0. 336 12 0.178 13
FM7 0.157 14 0.327 11 0.197 16 FM22 0.078 4 0.272 3 0. 156 5
FM8 0.123 9 0. 310 9 0.178 8 FM23 0.072 3 0. 261 2 0.156 6
FM9 0. 086 6 0. 231 1 0.178 10 FM24 0.192 17 0. 380 15 0. 205 22
FM10 0.118 8 0.296 7 0.178 11 FM25 0. 236 24 0. 466 27 0. 206 24
FM11 0.279 27 0.482 28 0.235 25 FM26 0.038 1 0.289 6 0.118 1
FM12 0.230 23 0. 505 30 0. 186 14 FM27 0.079 5 0.310 8 0.142 3
FM13 0.194 20 0. 384 18 0. 205 21 FM28 0.182 16 0.361 13 0. 205 23
FM14 0.343 30 0.501 29 0.278 29 FM29 0.325 29 0.459 26 0.280 30
EM15 0. 258 26 0.414 23 0. 244 26 FM30 0.283 28 0.457 25 0.248 27
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Fig. 2 Results of PAM clustering of improved FMEA
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Tab. 7 Comparison of improved FMEA with traditional FMEA, VIKOR-FMEA, entropy weight method-FMEA,

and fuzzy number-FMEA

REME S Bk VIKOR- it BRI || s 6% ek VIKOR- it SR
K4S FMEA  FMEA FMEA -FMEA -FMEA | 4% FMEA FMEA FMEA -FMEA -FMEA
FM1 15 19 9 20 15 FM16 11 21 ) 13 11
FM2 24 25 17 26 23 FM17 20 13 23 16 18
FM3 21 15 25 18 21 FMI18 25 18 27 24 25
FM4 19 22 14 22 19 FM19 8 7 10 2 ¢
FM5 13 10 7 14 12 FM20 1 1 1 3 1
FM6 2 12 2 6 3 FM21 18 11 22 7 17
FM7 6 14 4 15 8 FM22 9 4 16 4
FMS 3 9 3 11 2 FM23 5 3 13 5 5
FM9 7 6 19 1 10 FM24 16 17 12 19 16
FMI10 14 8 21 9 14 FM25 23 24 15 23 20
FM11 27 27 24 28 28 FM26 4 1 6 12 4
FM12 26 23 30 27 27 FM27 10 5 11 8 6
FM13 17 20 18 21 22 FM28 12 16 5 17 13
FM14 28 30 26 25 26 FM29 30 29 29 30 30
FM15 22 26 20 10 24 FM30 29 28 28 29 29
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Fig. 3 Comparison of ranking results between improved FMEA, traditional FMEA, VIKOR-FMEA, entropy

weight method-FMEA, and fuzzy number-FMEA
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