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Abstract: Failure mode and effect analysis (FMEA) is an
important quality management and reliability assessment tool.
However, the conventional model has some weaknesses when
applied in actual situations. In this paper, a new risk priority
hybrid weighted distance
(ITHWD) measure was proposed to improve the performance
of the traditional FMEA. It is shown that the improved model
has not only considered the subjective and objective weights of

model using interval 2-tuple

risk factors, but also avoided information distortion and loss.
Besides, a case study of tool management was provided to
demonstrate the effectiveness of the proposed approach.
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AH N T B X R AR . B IR DL T 3R =AU
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AT Y XU 7 25 P SE 15 B Ak 2.
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Tab.1 FMEA of the contract performance

of tool management
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R 4 o ~ IR
RN G R AT 44045 2 X ) — o EMN A M Ry, AR 5 — e -

i A ao=TRIL(VL) ;a1 =1 (L) ;az =FEM) yas= Dr D
Fras. Beoh, 3 4 gy i g XURS: IR SR ORAR EE 7] [ # (D s a1 =R (VED v
FEREH S —TTIE SO S5 R L 6. B B D

- N N 13— 204 — i 2 U5 — |/ s U6 29 L)y
(2) AR ¥ R OB = A 1 24 I LA B XS L ) — 7R (VHD
REBE HHIFMERATENIERE R= 0ol o BIRED o ZREVD ofil,o-
N . sCe— s 05 — X R s 06— 3
REFMALE & w, Z5FUNFER 7 . B CHD ,0r =R (VH) , s =H 5 (EHD
O MR ATEHAAR O BHRRET |, &-BRRRGD.d—FREW) 4= D.DD,
N N — 1d3= s da =1 ’
g = AT Jow = (0. 381, 0. 286, 0. 333). ’ - St
*3 RYEXEBEFIEG
Tab.3 Linguistic assessments of ten failure modes
S )5 R
# HF M, M, M, M, M M; M, M M, M,
S H—VH M VH H M L VL—L H H VH
Dy 0] L H VL—L M—H H—VH M H M H H
D VL—L M VL H H H VH L—M L—M L—M
S H—VH H M M ML—M ML M—MH ML M—MH MH—H
Dy O M M—MH ML MH MH MH M M M M
D L M VL MH MH ML—M MH M M—MH VL
S H—VH MH—H M—MH M ML—M M M ML—M M MH—H
Dy O ML ML—M L—ML ML—M ML ML—M ML ML ML M
D VL—L L VL L—ML ML M—MH VL—L VL EL—VL VL—L
S ML—M M—-MH ML—M L—ML M MH M MH H H
Dy O L M ML ML M M—MH M L—ML VL M
D L ML L L—ML ML—M M ML L VL VL
S H H—VH M—H H H M L—M L L—M L
Ds O L L L L M L M M L H
D VL—L VL VL M—H M M L—M L VL VL
N %£6 ZIiBEXREETINE
F4 REEAFEQHETH e .
L L . Tab.6 2-tuple linguistic risk factors weights
Tab.4 Linguistic assessments of subjective weights T T
4
of risk factors HF Dy Ds D D, Ds
TR HE S (di, 0 (dis 0 (dis O (dy, O (dis O
U R
I M M, M; My M; @] (ds, 0) (dz, O (ds, O (dys O (dz, O
S VI VI VI VI VI D (dys O (dzy O (dz, O) (dys O (dys O
O 1 M 1 Vi 1
D I ! ! Vi Vi £7 SEFHEENREAEANEDR
N Tab.7 Collective assessment matrix and
5 XEZiE R
= X (B = ST H A 48 Ry - aggregated subjective weight vector
Tab.5 Interval 2-tuple assessment matrix R, R S O D
ég i M A[0.683, 0.825] A[0.321, 0.321] A[0. 104, 0.217]
S o D M; A[0. 642, 0. 7507 A[0. 463, 0.533] A[0. 317, 0.317]
M [(az, 0)y Casy 0)] [Cars 0)y Cary O] [Caos 0Dy Cars 0] M, AL0. 542, 0.650] A[0. 246, 0.321] A[0. 071, 0.071]
M, [(az, 03, (az, 0] [(as, 0), (az, )] [(az, 03, (azy O)] M,  A[0.508, 0.542] A[0. 425, 0.500] A[0. 429, 0.5387
My [ass 03, Cass 0] [Caos 03, Cars 03] [Caos 035 (a0 O)] Ms  A[0.467, 0,538] A[0.533, 0,571] A[0.500, 0,533]
M, [(a:;; 0, Cas, 0)] [((lzv 0, (as, O)] [(aa; 0), (a3, O)] M A[O. 463, 0. 463] A[O. 458, 0. 529] A[O. 504, 0. 575]
Ms [(az, 03, (az, 0] [(as, 0), Cass 00 ] [Caz, 03, (azy O) ] M;  AL0.388, 0.496] A[0.500, 0.500] A[0. 425, 0.500]
M [Car, 0, (a1, O] [Caz, 00, Cazy O] [(az, 0y (az, O3] M;  A[0.463, 0.500] A[0.396, 0.4297 A[0. 246, 0. 283]
My [as, 005 Cars 0] [Cass 03, Cas» 00 [Cass 03, (as, 0)] M,  A[0.567, 0.6387 A[0.363, 0.363] A[0.138, 0.2467
Ms [(a:;; 0, Cas, 0)] [((lzv 0, (az, O)] [(aly 0), Caz, O)] Mo A[O. 675, 0. 746] A[O. 575, 0. 575] A[O. 075, 0. 15()]
My [Cas, 03, Cag, 03] [Ca5, 03, (ass O] [a1,s 03, Caz, 03] w AC1. 000) A€0. 750 AC0. 875)
MlO [(adn O)v (1147 O)] [(asv O), (a3; O):l [(al, O), (a2, O)]

(DB AR @ ] HBR R & KRB A KU N
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Tab.8 Objective weights of risk factors of
ten failure modes

KB @il wi2 w33
M 0. 253 0. 428 0. 319
M 0.798 0. 428 0. 317
M; 0. 251 0. 470 0. 280
My 0.271 0. 389 0. 340
Ms 0. 306 0. 422 0.272
M 0. 284 0. 281 0. 435
My 0. 300 0. 450 0. 250
Mg 0. 304 0. 446 0. 250
My 0. 259 0. 458 0. 283
Mo 0.328 0.421 0.251

() KB R F 1 2% Fp 51 R IE T R BB N 3
KV, BUXR e AR S O, (R, 225 P 3 F E N
ro==C(ro, rs» rp) =[A0), AC0), ACD)].

(6)4 A=1, B A K @) I RYAERK LT
§ 527 ¢ 5 EEES S5 IR 9 .

x99 RuEX ITHWD itELERERBAEEHE
Tab.9 ITHWD results of ten failure modes

and risk priority ranking

KB S 0 D ITHWD  ffF
My AC0.757)  A(0.321) AC0.170)  A(0. 3910) 8
M, AC0.698)  A€0.499) A(€0.317) A(0.9196) 1
M, A0.598)  A(0.286) A€0.071) A(0. 3063) 10
My AC0.525) A(0. 464> AC0.486) A(0. 4871) 4
Ms AC0.503) A(0.522) AC0.517) A(0.5230) 2
Ms AC0.463)  A0.495) A(€0.541) A(0. 4866) 5
M; AC0. 445)  A(0.500) AC0. 464> A(0. 4685) 6
Ms AC0.482) A(0.413) AC0.265) A(0. 3915) 7
Mg AC0.603) A0, 363) A€0.199) A(0.3772) 9
Mo AC0.711)  A€0.575) A€0.119) A0, 5038) 3

(DH A KRB ITTHWD Ul B2/ H55
SERBETH. LRSS E FH MR, MRSk
TN TR R B A XU O S8 .

MR 9 B HEF AT LUR . 10 D EBERY
B SE i > M, — M —>M,—>M, —>M; —>
M, >M; =M, =M, —>M;. W2, £i4 FMEA
PRIV M, BIVTTH 89U HI RS B2 TRl R 7™ A Y 2R
RO 45 5 T 2 8 e FEHEAT T 4 23 17 JF 1l <€
TR SR .
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R A FIBUES 1 AR TR E . A
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