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Abstract: With respect to several drawbacks such as easily causing the loss of experts” risk assessment informa—
tion , overlooking the failure mode and effect analysis(FMEA ) team member’s bounded rational behaviors and the rel—
ative importance among risk factors in traditional FMEA method. a probabilistic linguistic FMEA risk evaluation
method based on regret theory and Complex Proportional Assessment (COPRAS) method was proposed. Firstly, the
probabilistic linguistic term sets(PLTS ) was used to characterize the ambiguity and uncertainty of experts risk assess—
ment information ; Secondly, the risk factor weights were determined by using comprehensive weighting method based
on the probabilistic linguistic multiplicative Analytic Hierarchy Process (PL-MAHP) and the maximum deviation
method ; Thirdly, taking experts’ psychological behaviors into account,regret theory and COPRAS were adopted to

prioritize failure modes. Finally,an empirical case concerning the risk evaluation of the grinding wheel frame was pre—
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sented to demonstrate the practicality and effectiveness of the proposed method. Results derived from comparative and

sensitivity analyses fully show that the risk priority ranking order determined by the proposed FMEA method is shown

to be more rational and reliable by comparing with other existing methods.

Key words: failure mode and effect analysis (FMEA ) ; probabilistic linguistic sets (PLTS ) ;regret theory; com—

plex proportional assessment (COPRAS ) ; comprehensive weighting method ; risk evaluation
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Fig.2 Flowchart of the proposed FMEA method
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Tab.1 Probabilistic linguistic evaluation information

of failure modes from experts
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FM,  {5,(0.7),55(0.3)}  {5,(0.85),5,(0.15)}  {50(0.7),5,(0.3)} e . . . A
FM:  {51(0.1),5(0.9))  {5,(0.15),5,(0.85)) fso(1)) SBR 4 FIHACS), ARSI X550
FM, {s1(1) 152(0.8),5(0.2))  {s1(0.7),50(0.3)} oA w! =(0.3194,0.3814,0.299 2).
FM; {s2(1)} {s1(0.9),5,(0.1)} {s0(0.3),5,(0.7)} $B5 ER(16), i EWAE R yi&H
ng,{,Sj',(?;%s,),O’fg(,();1,5,),},,,{,SE(B'?,):,3£9;1,),},,,,{f’f(,qz,)],’;j',(,()j%z},, 0.5, f%iug%%*yﬁ w; = (0‘3 14 4,0.418 6,0.270 O).
™ () (:009),5(0.1))  5.(0.15),5,(0.85)} FB6 Witz (17)~(19), TR FTA i i
FM, (5109).5:00.))  (5,(0.1).5(0.9))  (50(0.75),5,(0.25)) JRURS: PEAE (B A RIS s T, 15 25
FM; {s(0.25),5(0.75)}  {52(0.8),5,(0.2)}  {s,(0.75),5,(0.25)} gz 3 R, o, %ﬁﬁifﬁkﬁz] SR o 0 3 22
M, {5,(0.3),5,(0.7)} {(s:(1)} {s2(0.9),54(0.1)} ’
FMs  {52(0.8),55(02))  {s0(0.1),5:(0.9))  {s,(0.25),5,(0.75)} 6 =0.88, S HERLE AL S = 0.3,
FMs  {5.(0.3),50(0.7))  {52(0.2),5:(0.8)} {s5(1)}
so(1) $5(0.105),5,(0.69),5,(0.205) 5,(0.12),5,(0.62),5,(0.26)
PD = |5,(0.205),5,(0.69),5,(0.105) so(1) $,(0.19),5,(0.65),s5,(0.16)
$5,(0.26),5,(0.62),5,(0.12) $5(0.16),5,(0.65),5,(0.19) so(1)
* 2 PREBEEIRIEE TMAER
Tab.2 The normalized group probabilistic linguistic evaluation matrix
0 S D
FM, (5.(0),5.(0.695) ,50(0.305)} (5:(0.315) ,55(0.158) ,5,(0.527)} (5.1(0),5.,(0.548) ,5,(0.452))
FM, (5:(0.120),5,(0.540) ,5,(0.340)) (5:(0),5,(0.550) ,5,(0.450)} (5.(0),5.,(0.287),50(0.713)}
FM, (50(0.088),5,(0.515),5,(0.397)} (52(0),55(0.370) ,5,(0.630)} (5.1(0.200),5,(0.593) ,5,(0.207)}
FM, (50(0.200),52(0.245) ,5,(0.555)} (5:(0.350),5,(0.383) ,5,(0.267)} (52(0.315) ,5.,(0.365),,5,(0.320)}
FM; (55(0.680),5.,(0.245) ,5,(0.075)) (50(0.248) ,5,(0.040) ,5,(0.712)} (5.1(0.088),50(0.432) ,5,(0.480))
FM, (51(0),5,(0.620),5,(0.380} (5,(0.060) ,5,(0.295) ,5,(0.645)} (52(0.630),5,(0.345) ,5.,(0.025)}
*3 REITHENSAE. FISEMRINAE
Tab.3 Utility values.regret values and perceived utility values of the risk assessment value
0 S D
WA
Vi T U Vi Tn Up Vi3 4k} up
FM, 0.381 1 -0.105 7 0.2755 0.754 5 -0.028 2 0.726 3 0.424 3 -0.039 6 0.384 7
FM, 0.7159 0.000 0 0.7159 0.716 7 -0.039 9 0.676 8 0.466 4 -0.026 5 0.440 0
FM; 0.685 1 -0.009 3 0.6759 0.847 3 0.000 0 0.847 3 0.498 2 -0.016 7 0.481 5
FM, 0.644 3 -0.021 7 0.622 6 0.753 7 -0.028 5 0.725 2 0.341 5 -0.065 7 0.2759
FM; 0.253 9 -0.148 7 0.105 2 0.622 9 —0.069 6 0.553 3 0.553 6 0.000 0 0.553 6
FMg 04139 -0.094 8 0.3190 0.821 3 -0.007 8 0.813 5 0.084 6 -0.151 1 -0.066 5
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0.304 0
0.2832
0.3546
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0.2315
0.340 4

0.1027
0.1174
0.128 5
0.073 6
0.147 7
-0.0177

KBS R A E w, = (0.3144,
0.4186,0.2700) , 75 2| IIAUBHIBH K 14N

$8 8.9 FIHI(21)(22), B A T izt
FARE X E P R XU A 2, Nk 4 s, Hi 3k 4 1]
A, AR XU HERE S M, > FM, > FM, > FM, >
FM > FMs, Hort FM; A Ay IXURS: S5z e e B A =X, o ik
T i e GO AU A 5 BE I i A N A R T, FM
B IR 2, B AR XU A XA FM.
F 4 BEEEXXBERERHERF

Tab.4 Risk priority ranking for failure modes

0. N, Herv
M, 0.493 3 0.709 1 4
M, 0.625 9 0.899 6 2
FM; 0.695 7 1.000 0 1
FM, 0.573 0 0.823 6 3
FM; 0412 4 0.592 8 6
FMq 0423 1 0.608 1 5
32 REESH

321 ENMRE Ry REESHT

AU PR - I 27 S A AR R AR B 1 e T WA
TRy, H y A0, 1R S 4, TEA
FHN I E R 0.5, MBI y Xl B = XU HE 245
RsEm, By TEARFERTE LT 6 Rl R =Y
S HEFF S5 R an A 3 Fs.

7
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6 A
5F 0—0—0—/ E

4 A A A A A A A /

Za—FM——FM,—*—FM,

MEHER
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FEUAESHL y
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Fig.3 Results of sensitivity analysis on parameter y

MR DS A 1, SRR FM, FM,
FM, 1 XU HEF 25 A2 580y (52, IR X
R AR A B I W PR (5 B A R R
W7 T EA A R B 2 g SRR I i R s
ASCHE B AR B RS HE P 45 R B — e R
FENE; Iy — 7 1 B Sy BTG R, A
FMq FM;s F1 FM, (9 XU HEF #8 & AR T o As, R Wi
Y IR A1 2R AN TR o i B X ) XU HE Y AT —
SN PR, ZEBRSC ) FMEA RS EAL o v, e
FRAR IXUBSPEA S B ol G G XA 1 R S P
oG B A S y . 29 FMEA & 521 AT AU
R B A5 BN K a8 X LATTAL B, AR i3
y<0.5; 4 FMEA %5 A BAX XSS PRl F- A5 A TPA
& B R, N R ¢>0.5.
322 Gl M S REESHT

Je MR ket 2R B e I S MR kO BRA T
TERUS R R K0 0 = 0.88 1O T, Ry T ST o iRkt
FRH S W AR XU HE P 25 R 52 e, X 286
AT R /A, 32 5 BoR THASFE S5 ik
B XU HE P 25 5. thak 5 nT AT, i i pesi= i
AHX B Q, BB S8 6 W B W, 24 6 =
0.1 B, FMs (9 XU HEF KT FM,, (H Bl 7 2546 13
i, Qs B FFEFEEER T Qe FE FMs YRS HERF 7
J&F FM,, XI5k & G005 Rk 384 T R
30 3 J MR RSN O 5 T i 2 R A XU HE
JFAE R, AESZPRAY FMEA [a)f5Hr, n] LG i 52 56 00F
5, MW 25 70 FMEA & 52 A1 BRI
AR, S MR R A ey, U BE S0 8 K.
3.3 XFtbsrdn

SHRIEARSCHE A R A B R R, AR
SCHEH BOAE R IE S M85 RT-COPRAS J5 ik 514450
FMEA J7i  SCHR[381HE H O L AR 5 IR0 3%
T e S B PSR T e RN SCHR[24 138 T i —Fh 25
Hii S5t HE AN TODIM J7 32 0 XUBS: P4k 7 iR AEXT B 43
Br. R T 58 e, SCHR[38 R SCHR[24 104 5 B # 1s H
AR PR F-25A AR, L SCRR[24 | 1 7 7 Rl RE R
FH PLTS PPAG B RS B 4 4 Fho5 245 i il e
B R HE P25 I B T3 6 .

RIEE 6 LR, ATLUE AR SCRTHE FMEA
D5 BT HA 7 B A .
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Tab.5 Risk ranking of failure modes with different values of parameter 6
5=0.1 5=0.3 5=0.5 5=0.7 5=09
B BEAR
0 Hee 0 Hee Hee 0 Hee 0 Hee
M, 0.533 7 4 0.493 3 4 0.456 4 4 0.414 8 4 03710 4
M, 0.645 1 2 0.625 9 2 0.612 5 2 0.595 7 2 0.578 4 2
FM; 0.704 1 1 0.695 7 1 0.694 1 1 0.689 0 1 0.683 8 1
FM, 0.599 6 3 0.573 0 3 0.549 5 3 0.523 3 3 0.496 3 3
FM; 0.473 2 5 0412 4 6 0.360 8 6 0.300 9 6 0.236 4 6
FMq 0.467 9 6 0423 1 5 0.367 9 5 0.308 9 5 0.2450 5
%6 R AMBER R R HER b
Tab.6 Comparison results of failure modes by different ranking method
155 FMEA J5: SCHR[381RY 7 12 SCHR[2410 i ARSCHE Y
B BEAR
0 N D RPN He u Herv & Herv Q: Herv
M, 9 4 3 108 4 0.663 4 3 0425 4 4 0.493 3 4
M, 8 8 5 320 2 0.721 0 2 0.764 2 2 0.625 9 2
FM; 8 6 9 432 1 0.734 5 1 1.000 O 1 0.695 7 1
FM, 6 7 6 252 3 0.613 0 4 0.724 3 3 0.573 0 3
FM; 4 3 9 108 4 0.356 4 6 0.243 2 5 0412 4 6
FMq 4 9 2 72 6 04312 5 0.000 0 6 0.423 1 5

HE, ASCH R B HE Y S 1%
4 FMEA J7ik 2 R ZEHCN B, flan, 7efese
FMEA J7 i bR HE P 4553, FM, i FM; 2
A AR RPN, FEUTCHEIE i RPN A X 4353 P i i
BB SEg, SRIMAS SCHE H I TR RB A ALK 43
PR ARG 22 57, A e st M, XU
A= T FMs, BEAh, B FM, AT FM, 78 XU
K 0 FHEHAMFRIME, Hri FMs /9 D {EE S,
FM, i S {55855, 548 FMEA 77 AR 9 & RPN
E FMs KUS L4520 55 T FM,, (B2, 526 5 o, XK
KN S AL & T D, BT LA, % T FM, B 5
B IR AT S, AR SC T 42 14 O 2l ¥ 2 % B
T AE AU 1A Ao A e XU PR A5 i X 3 B XL
HEFP A5 1 2 ).

FLUR A SCHR (38104 7 72 1 A B ABE =2 P M
1 EM, KU HE P 45 5 5 A SO 0 7 A AR T,

TGP 2 5 0 FR B R R < AU SRR (38 T ik
K FH HFLTS FAESBE A5 S, A ST Ry PLTS
T RE A LS M R M SR S R M R
AP, R B R AR A S SR A R
FEHRE.

e, ARSI TR B R Y S
SCHR[24109 77 3245 BB R CHE P A L, JUIFE FM;
FEM (HET = A28 4k R4S SCER[24 10 i8]
DLR S B S S LA A TODIM SR 5 e s =X XUy
RIERE, 8T € RS BRI R MR O A T
J AHERT SIS R B R G S % T E A
W R 2240, [ PP AL i R AR T A 4 i S
BTSN RE S W12 52 IR HIL 3 A PR 285 B A0 J A
TSR FAT Ry %o XU HE R 435 SRS, A figakE i A
RS 8GR FMEEALEE, THEA TS
D TR R R R A
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