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Abstract: When the attribute value of the existing failure
mode and effect analysis (FMEA) method is the
intuitionistic fuzzy number and the risk degree is
measured by deterministic distance operator, it is difficult
for evaluation experts to accurately describe the related
uncertainty problems. Therefore, first an intuitionistic
number

fuzzy hybrid Euclidean distance interval

(IFHEDIN) operator and its excellent properties are
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proposed based on the study of the ordered weighted
distance operator, the theory of interval number and the
sorting method of interval number. Then, the uncertain
IFHEDIN operator is constructed to improve the FMEA
method so as to analyze the reliability of failure modes of
products or systems, and to calculate and rank the risk
levels at the same time. Finally, the effectiveness, the
reliability and accuracy of the proposed approach are
verified by the risk analysis and evaluation of failure mode
in the actual hospital radiation tumor treatment process,
which provides decision-making support for relevant

medical diagnosis managers to deal with and control risks.

Key words: interval number; failure mode and effect
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GIE S22 750 I B DX 0B S5 S AR A0 DX ) iy T
REREHEF 7k e S B KU AR e . A T
W ek F FMEA J7 ¥ 09 52 F 1 DL & A F 52 7t
FMEA J57i%, 2 290 T & ZO6 & AN e = 56

TS E S PPAT , B X IO Y EL AR A, 1A
ANFFCHR[28 ] 2 345 H T B FRaAs =6 XU
PR 1 UAS R AR SCIPA . 4 BB RATR
FHREA T S5 1%, VAR T AS TR] e A =X %) JRUSS: PR 1
IR o AR RS 11 AU R X B A R ) 2R
Aa, (10 (1) AR BIRES HF O S HID
F= AR X AL E S @ =(0. 3684, 0. 456 3,0. 175 3).
IR 2, 115 =2 U e 0= /6 /3. FIARIEL
11, 15 AU R 7 AH ) 5 G 2 A R 0 =
(0.243,0. 514, 0. 243).
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Tab. 2

IRUBS B F B R HATE S TR0 R X B Y B B AR RS
Fuzzy linguistic assessments of risk factors

and their corresponding intuitionistic fuzzy

3 REEFEMRERIE AT R EXT A B R
Tab. 3 Linguistic evaluations of subjective weight

for risk factors and their corresponding in-

number tuitionistic fuzzy number
18 LI NN TR 18 FERAR T
AR (EL) (0.10, 0.90) RIE(VL) (0.10, 0.85)
AR (VL) (0.25,0.70) (L) (0.25, 0.70 )
k(1) (0.30, 0.60) HAE(M) (0.50, 0.50)
FFIk (ML) (0.40, 0.50) & (H) (0.75,0.20)
(M) (0.50, 0.50) R (VH) (0.90, 0.05)
hE (MH) (0.60, 0.30)
= (H) (0.70, 0.20) 5] LAFE AN 18 R TR, B AR AR EG
REVED (0.75,0.20) BT B 4k 45 R & FMI0, FMS, FM4, FM3,
W (EH) (0.90,0.10)

[ 5003 5T AT AR BEHET A1 0 1A HEIT I 25 3 LA K
S XA, DL 50 T HE— 25 S0 5 X [A] 4K
AIAT R RO o5, R L 5 RPN 7k B FMEA J5
O LA, A I A S R RS 43 BT 1B 4 SR A
F6HFE 7y, IFWED 81454 3 WAL E X
B B P A T 5 T B 6 R AR B 5 i
IFOWED 5545 540 5 47 B A & 1 2 ULAL AL
W PP PAG (A T3 T BRI I A B, 3

FM1,FM2,FM9, FM11, FM5, FM6, FM7; £ %
JEE WAL EE , B0 A 7 AR EG IR 25 53 1 HE
JF 45 5 & FMS, FM10, FM3, FML1, FM4, FM11,
FM7,FM9,FM5,FM2,FM6. it a] WL, 2 WAL
A 32 AR X HE P 45 SRR A 5 8 A B
A AR AR5 TR A5 AR R T4 48 RPN i
4% B (FMIL0, FM4, FM1, FM8, FM2, FM5/
FM11,FM9,FM3,FM6,FM7).,

x4 REEFHERNEARENEEEXXFRERFO,S, D §iE TG
Tab. 4 Subjective weights and linguistic evaluations of risk factors O, S, and D for each failure mode
AU P o S D
RPN ™1 TM2 TM3 TM4 TM1 TM2 TM3 TM4 TMl TM2 TM3  TM4
FAE H M H M H VH H VH VL L L VL
FM1 L ML L ML M H MH ML L L M ML
FM2 L ML ML ML M M M ML L ML ML M
FM3 ML M ML ML MH M MH H L L VL EL
FM4 ML M MH M M M ML M ML L ML ML
FM5 L ML ML L M H ML M ML ML EL L
FM6 L ML L VL M H ML M ML L ML VL
FM7 VL VL EL L MH ML H MH VL L L EL
FM8 L VL L VL H VH VH EH L VL VL ML
FM9 M M ML M M MH ML M L EL VL L
FM10 H MH ML MH ML M MH MH ML M MH M
FM11 VL L ML L M MH MH M L ML L ML
F5 ETREHMBFEEXXESEEFER
Tab. 5 Risk ranking results for failure modes based on interval number
il IFWED IFOWED S Al BB 0P AT X [i]
i PEES (HEFF) PR (HET) X )£ Hery (6=0.5) K
FM1 0.506(4) 0.473(5) [0.473, 0.506] 5 3 0.034
FM2 0.462(10) 0. 458(6) [0.458, 0.462] 8 6 0. 004
FM3 0.540(3) 0.482(4) [0.482, 0.540] 3 5 0. 058
FM4 0.500(5) 0.489(3) [0.489, 0.500] 4 4 0.011
FM5 0.467(9) 0.428(9) [0.428, 0.467] 9 9 0.039
FM6 0.457(11) 0.419(10) [0.419, 0.457] 11 10 0.038
FM7 0.481(7) 0.393(11) [0.393, 0.481] 10 11 0. 088
FMS8 0.609(1) 0.504(2) [0.504, 0.609] 2 2 0.105
FM9 0.475(8) 0.455(7) [0.455, 0.475] 7 7 0.020
FM10 0.597(2) 0.591(1) [0.591, 0.597]] 1 1 0. 006
FM11 0.485(6) 0.449(8) [0.449, 0.485] 6 8 0. 036
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Tab. 6 RPN rankings

[ @) S D RPN & Her
FM1 4 5 4 80 3
FM2 4 4 4 64 5
FM3 4 6 2 48 9
FM4 5 5 4 100 2
FM5 4 5 3 60 6
FM6 3 5 3 45 10
FM7 2 6 2 24 11
FMS8 3 8 3 72 4
FM9 5 5 2 50 8
FM10 6 5 5 150 1
FM11 3 5 4 60 6

R7 IHHIFMEA 77585
Tab. 7 Ranking results of fuzzy FMEA methods

W O S D FAL SR fEBHIHET HEF
FMI L MM 0.76L, 0.89M 5.638 2
FM2 L L 1 0.47VL, 0.93L 2.701 11
FM3 L M L 0.12VL, 0.88L, 0.35M 3.766 6
FM4 M M 1 0.76L, 0.89M 5.638 2
FM5 M L L 0.12VL, 0.88L, 0. 35M 3.766 6
FM6 L M L 0.12VL, 0.88L, 0.35M 3.766 6
FM7 L M L 0.12VL, 0.88L, 0.35M 3.766 6
FM8 M H M 0.6M, 0. 95H 9.170 1
FM9 M M L 0.76L, 0.89M 5.638 2
FMI0OO M M L 0.76L, 0. 89M 5.638 2
FM11 L M L 0.12VL, 0.88L, 0. 35M 3.766 6

WREEFE 5 W] AT, AR 0 AT A R EGHE 25 X
[ 4R 1) FMEA el #5728 FH X R 5500T Be B HE T
2, XU 2 o e P B = FMILO,, AR AR YR
FMS, FM3, FM4, FM1, FM11, FM9, FM2, FM5,
FM7,FM6. iz Jf] RPN J7 45 21 i st =X FM5
FMI11 () RPN £ {E AR TR, PR AR 4 RPN 338, FM5
5 FMIL RS S GAr ], 2RSS 6, (R ARYE
DO PR 15 DX [R]85 e FMEEA , #5Rk T IX (1]
o] B BE HEF s, FMS FTEMILL kg JXURS: 25 % i HE P
S3 RS 9 5F FER 6 057, DT AT R0 43 3% 1 T 3K
Hil A A KU 7K . FMILTHELESS 6 a7, ik BeHEFF
5 RPNHE PS5 R —20, U T2k IEw . AR
Pt B X A Bk, FM4, FM5, FMS, FM9 Fl FM10
FIHER 5 0 P i HE P A SR — 2, B, IR v A
SHEXGT 7 14 3 e = oy XU, S B ] o R T v A il
B AR HE 7 45 8, 361 1T BB 19 IX A BCHE P I
[F T 07k . FM6HEE FM7 2 )5, 81046 11467, % ke
RPN HEF 45 58, i & il T FM7 P14 5 5 A0 ™ i
(S), Kt FM7 118 XRS5 4% B2 L FMI6 i o 78 S BRI
SHAYT A FM7 /9™ 5 B 2 L FM6 9™
1o, PRI BB AR S 5 X TR B0 Tk A B I 25 2R
SRR OUE AR . AR 0 P HEIT IS FML A KU

DLAEZim T FM3, SR AR B e AR I 5 X 8] %19
FIBEEEHE Y 15, A LT FMI, FM3 HA T 3 9 XU
Y. 1Ry AT RE R FM3 ™ R, [
FEH, FMIT AR A7 F B R AR 2 2 T FMI1T YK
B et T FM2.
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Fig. 1 Linguistic evaluation of occurrence degree
and its membership function
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Fig. 2 Linguistic evaluations of severity, detectability,
risk of failure modes and their membership

function
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[f] Tf-Then MU 2L T AHRISE SR (HHIRHA . HIt,
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REFTMAILE A FIR, IR 2B FMEA J7 i ik 45
ROTRESAF RIS . BLAL , B FMEA Bk AR BES 18
Tl AR RS R - A AR O B AN . MR R
TS X R BCE el FMEA i IR T B4 5k
FERUS AR T A R S A AT Bl

LG S BOASUAR HE , A SCHRE HE Y B SE BT
ARG 5 IX (A% (IFHEDIN) & F41 7 7 IFWED &
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Pk DR, AR A S50, % B
MR 51 2 B AR B8 A 511 5 38 ] LIARPEAE R ML )
A B i XTI R A TR DT S [ LA
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IO R B 1 A I (R R B 2 0L
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B X AR X XU A BT S5 DA TR RO M S R
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PRI DL X TRV BCHE P 2 3 Ak b, 2 ST —Rh
RORTE 5 IR DGR 2 DX (RO , 2 Lk o, I
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EEAGE . TEFMEA Jrikh 208 i Al =X
I AR PR P4k B 2R A1 21 2 25 (804 1 25 X
], 22 Je ARl AN TR O, 0 FH 1 XU 2 B v I TR
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