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Abstract: Failure Mode, Effects and Criticality Analysis (FMECA) is frequently used in reliability
analysis. However, traditional FMECA has some problems, such as general description of risk factors and
over—reliance on expert experience. In order to solve the problem of general description of risk factors, this
paper considers the controllability of failure on the basis of traditional methods, and expands the index of
risk factors from 3 to 4. To solve the problem of relying too much on expert experience, this paper puts
forward the distance-entropy weight-grey correlation analysis (D-E-GRA) , and then proposes a new
quantitative analysis method of FMECA for CNC machine tools based on D-E-GRA. Finally, a numerical

control tool rest system is taken as an example to verify the effectiveness of the proposed method.

W7 B A :2024-10-18.

E£WAB:BEAFHEHERLHHH .

YEZE B MR (1988-), 55, #42, WA . HF5E 0y ]« B MUK T 5E 4 43 7 . E-mail: tianhl@jlu.edu.cn

BAEEE PRAGUE(1983-) 55, 4%, Wit WS J5 ] A R GE vl S P43 7 S A5 . E-mail: cchehina@foxmail.com



- 946 - TR X FEF

(T % k)

% 56 %

Key words: reliability analysis; failure mode; effects and criticality analysis(FMECA) ; distance—entropy—

gray correlation analysis;data envelope analysis

0o 51 F

Bl AR X 5 0 G 3 B 0 BT (Failure mode,
effects and criticality analysis, FMECA) J& — i ]
SEVE ST O s, W T 0 B O 2 2R G I O B
A FMECABM A Z KRG T RGN
il e 5% ORI 2 e, A5 e AR T A AR
FEFEATHEFF , LA Al ke 58 55 SR HUAR 1 1) 15 By B
i

AR R FMECA 75 i ALK Al 42 1 23 #r 4
BB SE ThAS T I 2 R BRE R s
58 13 BB ALK FMECA g vy 38 T = B R
B RPN (Risk Priority Number) 2 # 75 ¥ (C-
RPN) . i i = B A & KR I 3K & K 093
(ERE R A ECL5IN7 S ok £ I E L d NS Vi 1 i)
o XA 2 03 B O 2k 0 A4 LA RPN 458 11
S5 AT A0 B TN AE A SR A AR KU P 3R
iR 8 e 0 )0, 4n SR %o XU D] 3R aE AT 48 43 U AT
DL TE 335 WA 5L il 4 B O B i e = A5 1 T
TG 1) A3 AT &8

Sy T A IR 0 3 T A SR IR Z N
B FMECA I 24053 1 7 25 1 i KUBS: A3 LA
ST RN . IR SRR EE RS
A ETTINZ NETE S E g v 1 S o VIS & /1N 7 N )
MR A&, 70 0 e e A58 AT 40 A 5 S5 BT i
R FLWR A R T T AT EE A AT AR . SR
17, LA EBIF 50 3 R 2 D8l 114 28 9% IUAS 36 i 1) 52
e, 2 SR BB A 5 | A I 114 28 % I AR X6 43 B 45 L i
AT Y0 AIE , U 23 A 45 0K 550 2 WA X T Al R 5
W BT S A .

A SCHE AR 58 FMECA 2% 18 ™ B )i (S) L& 4
BE(O) 1A B (D) 34 KUK P 2 19 Ll i
T EE (O R . FEE L R
AL R BE X T Aol o Ui AH Y D 2 R R Y AT
FEREJE 2 i FMECA 73 B 45 2R 58 e, F M o 4>
PSR IR G R S AR TR 5
FMECA 3 TR & 58 22 9 ) 0, A SCHE T 1 g
43 B (Distance analysis, DA) M #F T 14 48 69 K {4
X B BE 4 BF (Grey relational degree analysis,
GRA) , 3 ¥ o it J5 ) Oy % 5 8 AL (Entropy

weight method, EWA) M &5 &, #2 T B -
A=K A8, G B B2 43 A1 ¥ ( Distance—entropy weight—
grey relational degree analysis, D-E-GRA) P #f
TE A5 WU N R AT o fie i , R RS B 5 B bl
PR IIIR 2 GE R S0 Sl 1 07 vk B9 A ALk

1 e Bl

1.1 HIEHRFATEESTIERAE WL

55 (B LR FMECA 8 XU 1 28 908k
RPN W AR T 328 (R SO F1 D) Y221k
O3 HT 45 BER IR DAV o A 3 e e S T 2R A A
4 FMECA 43 Fr i 2 B & 1R .

BEAI % Aol ke 156, P 3R B O T e kA
J5 i Y 2 TR A, T AR AR AR A s — Bk A
K XoF A oMb 3t ™ R 0 R AR SR AR S
BIEHLR FMECA W5 hk I, %4 % 18 7 nl #8 %
(C)AF KBy m , 32 145 T 45 KUK 2R 0 1T 43
WA -
1.2 BEE-R{N-KEXEEST

fE FMECA v, b 5546 % KT 40 19 2 WM B
BEMEME TR R Z W R AR TT
ORI R R FEAEV I — R ik, B o
Xof 45 RV PR kAT A BRI A, 4K S5 3 2 3 5 ]
Wl e A =AY AL RPN E LA e FMECA 45 i
b A X ) 5 7 HE T 4

B8 43 BT 2 — b B TR R S B Y 2 4R A
PSR 7k VSR R 6 R 8 /AR e AR L B
B VRSB T 2 0 R R Bk 2 S BE R
Vroe gl Z A8 hn i G e — &, Ak oy — A
JEE A, DA B b S X 52 22 8l /R 45 HE T, g %
AR 22 R o ELRE B A BT O 1k A SOR X B
N R R VA e e S N E R AN R N
Gl 2R @ g o A S s R VAR YN -2
Wi 25 5 N TE o FLvk, B B 43 Bl 3k 1 ] AR
() B 2, S BB A A BEAS [R] 48 Bk =22 18] A AJE £k
PESC R 221038 AN, BRI 7E A B AR 2% R 4
B, T A J0 7 47 412 8 5 VR 2 R PN TE R

FRAB DGR BE A T J& — PP T R G0 K (A 38 1
ZAR MR T 2 A R 28] 1) S Bk
PEo RS ES T R ST RRNSE T



% 4 WEL,F A TEE-BR-KE LK HEIFEIRTERFMECA - 047 -

r——————-—"—"—-—"—=-———= |
I R4 |
: : TR 1

A\ 4
: W RGOSR 754 HREA
| : |
: S R G A R |
| ERvBvBvlvlvivan iwj
| v | o ab ab ab ab ab as
| I R SRR B |\ LRRG -
| v ] —_—————_—_— .- - — .
| [ s | GO |
| ] | G« @ « @ @)
I RGHRER N B A H.;{‘@ 5 x =:
. —————————————_ _

I} | () x -GN |

| FMECARIAM T4 |

B1 5% FMECA ##ikiEE
Fig. 1 Flow chart of the conventional FMECA analysis
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Fig.2 Computational schematic diagram of data envelope analysis
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Fig.3 Structure and function diagram of tool rest system
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Fig. 4 Subsystem reliability block diagram of tool rest

system
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Table 5 Economic loss table of the fault mode

Bl 5o BT EAAMST  ATRR R

P bRy sk KRG FEQ)
FM1 25 0.2 4 15
FM2 3 0 0.5 2
FM3 5 0.1 1 8
FM4 12 0.4 2.5 5
FM5 15 5 6 20
FM6 10 0 2 10
FM7 8 0 1.5 12
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Table 6 Risk factor weighting table
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Table 4 Potential failure mode expert rating table
A
FE o ORABRO) FRES) AT (C)
FM1 4 10 8 3
FM2 2 5 10 9
FM3 3 9 7
FM4 7 8 5 6
FM5 6 10 7 4
FM6 5 9 6 5
FM7 8 7 5 8
3.3 NESE

HRAE D-E-GRA J5 ¥k 0 B8 8 72 44> KU [ &=
FUHE o XA [ B4 4 0] 1 ) B 5 0 8 R e kA
BIF, 7873 et i Ml s i B 28 DA 2K, A )

NS ¢} S D C
Wi 0.3429  0.2897 04333 02701
W, 0.363 6 0.3538  0.3029  0.3103
Woe 0.3533  0.3218  0.3681 0.290 2
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Table 7 Failure mode hazard sorting

hes RPN Hey
FM1 8.430 6
FM2 8.610 4
FM3 8.650 3
FM4 8.600 5
FM5 9.050 2
FM6 8.300 7
FM7 9.210 1
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Table 8 Failure mode efficiency table

¥ 5 0 HEP
FM1 0.3130 6
FM2 0.394 9 4
FM3 0.4512 3
FM4 0.339 4 5
FM5 0.661 1 2
FM6 0.283 9 7
FM7 0.787 3 1
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Table 9 Failure mode RPN table of different methods

Ji ik RPN U 5345 5
FM1 FM2 FM3 FM4
. 8.430 0, 8.610 0, 8.650 0, 8.600 0O
ARICH B
FM5 FM6 FM7
9.050 0, 8.3000, 9.2100
FM1 FM2 FM3 FM4
o 320, 100, 189, 140
45875 i
FM5 FM6 FM7
294, 162, 140
FM1 FM2 FM3 FM4
) 0.3130, 0.3949, 0.4512, 0.3394
BOVE A 45 2 B
FM5 FM6 FM7
0.6611, 0.2839, 0.787 3
FM1 FM2 FM3 FM4
- 2.6497, 3.4050, 3.8999, 2.9200
k[ 26]
FM5 FM6 FM7
5.982 2, 2.363 3, 7.2455
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Fig.5 Comparison of RPN normalization results of
different fault modes by traditional method,

DEA, the method and Ref[26]
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