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Abstract: According to the collected fault information of a domestic NC machine tool, the
subsystem is divided, and the reliability allocation method is improved according to the NC
machine tool correlation model to allocate the target value. The membership degree set of
influencing factors is established using the analytic hierarchy process (AHP) , and the centrality
influencing factors of fault-related data are determined using the DEMATEL decision laboratory
analysis method. The membership function set is determined by combining maintainability,
maintenance time, failure downtime, failure times, and complexity. Then the reliability
allocation factor of the NC machine tool is calculated. The impact factor is introduced into the
ARINS allocation method to improve the method so that the improved method is suitable for the
system with subsystems connected in series and fault correlation. Numerical examples show that
the proposed method can reduce the failure time requirement of the subsystem compared with the
traditional ARINS method. At the same time, to verify the rationality of the distribution results in
this paper, the Monte Carlo simulation method is used to predict the reliability of the target
machine tool based on the distribution results, and the calculation results prove the feasibility of
this method.

Key words: NC machine tool; correlation; DEMATEL decision laboratory analysis; improved
ARINC method; reliability allocation

FEBEE: 2022-09-06

HETH: HRARBAREERITHE (51975110); 178 “ 2T HEA TR H (XLYC1907171) 5 H s g A Bl 55 3% &
TG %2 42 9 B33 H (N2003005,N21003005).

EEE N EHR(1982-), 5, IR W, R R %2042, T4 S



% 2 4

WAk A TR TR R RIFIAR T A4 TER B 227

B AU BN T 450 %) 5 FH 13 &, X6 ol
TV ) R A A L . B A R RE ) AR A
B, 4% 2R A X T AR R RS B Rt b
Z B, B ORAIL IR (4 T X N RS B LA
il 3l 4 & A S,

AT EEPEAE Ry i B B AR T RE 1 B8 4
FERCEHLR T 322246 78 B B[] Y BB A% IE #F 58
BCTAEAE S5 I RE . W AR M B2 5 A BT 4L
FEDLR B AR AT SEPEAT 2 B SE M, PRt AT
PRSP T A B SE RAS U W . RS
(9 B BIL DR AT 56 1k 43 B v o o R Ry HR K &R
Gt T — SRS ol X BAEUR A T RS
HEAT R AT, I 45 ZR G0 = 8] A il s 2 ik 57
KA, BVREASF RGBS A 2 HoAM T R G5
M) . H T AR SCBR Y, £ FR G0 Y MR A A A G
P Rt S M A B 2 (0 /5 2 i P S o AT 45
TR A 3 KA 25, 368 77 AR 1VF 22 R A0 1 B
AL Huang 58 T — 3k T BCHLS Y ek
AT REPE PP RY X6 AT SRR S AT A B A i A
. B, FESEAT AT SRR AR 25 R A T R G AE
FE R AH OC M Y o B R BE AP AT A TR
SR

H I, 7575 SR A OC M A TT S8 2 B 52
mh R A 9T B R AT SR A A3 IE VR AT TRk
. Chen %" 2% PRI AE DGk A I8 D048 13 —FrmT
SR 3l AT SIS UE , THA S S AR
A BB HRPL . GuZE 5] A Copula pREL, 7E
N7 AR GRS (Y S A [ Bt —FP 5 22 TLEC Y B
0] EEE 43T 7 v . Wang 255 i 2% R i A
B EREERER R TR TR AR NS
Bk . Lin & W HES T 3T 7 R G000 3% H pR 2L
S5 R BB b VR AR | I i s A S5 X
LR TSR IEAT T 00 . A8 5% R 2 A~
S B R 2 B S A ANy TR AR DM RO R
DI R BERH AT T SRR AR A 43 B

IRARGE A X TR ARG R AR 2
BAFAEE S BT RN B 2% R AN 4T 45 ()
MRS FE BT HENIRBILL A T RGN
Wl I 6 25 SRR S T 1 AR S ity b X B AL R TT
SEVE ST BCHEAT AR ST, A A A 5 I A O PR AR
AU R )2 R a3 A N7 s e DR 2R SR iR B AR
FuE N N TS TS R ey L O N I e
S EE T AR LA | R I A DG 5 i) 358 43
ZIBAEN T 5 09 7 TR Re e A 1 5 TR R A
A AT O, B b f e 1 B0 AT S T

A AN BRI 18 AT BB AT DG PR 20 . )
AR L5 23 TE DR 5 K bk 307 23 e vk e H AL
PREY RTAEPERR PR 2EAT 120 HC , JF LA BC &S 2R 2
iy A7 AT 5 R 0T, DI 56 ik 23 B £ R
M.

1l RRfE BAL B K 1~ R Ge k) oy

BT 2R BN [E 77 R B HLIR 1
RS B EA TR, O R B IR R 1) 543 2%
b4 & 4 T B S W T N 87
BILDR #5550 1y R RT3 55 5040 24 U X AL DR 3 L
I PRGNS, LR AT ARG, G R
4 (B) BHAEL(C) ARG (E) ARG
(F) FFZRG(G) WERG(H) JIRRS(K) .
T 240 (L) B RGE(N) HEE R5(R) A3
R4(T).

3500

3000 -
2500 ° Lo v _: —r
2000F - ’

1500 e

1000F - iRl

B AL RE R B R R/ h

500 Aw S
) . " 2

0 100 200 300 400 500 600
B R
B1 HEHESSE

Fig. 1 Failure data scatter diagram
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Fig. 2 Subsystem directed diagram
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Table 1 Reliability impact of part 1 with subsystems Table 4 Impact between subsystems
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Table 5 Impact of other influencing factors
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Table 6 The values of the assumed parameters
of each subsystem
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Table 7 Reliability index assignment of each subsystem
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Fig. 3 MTBF comparison diagram of each subsystem
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