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On the Fault Analysis and Reliability Evaluation of CNC
Machine Tools
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Abstract; Aiming at the phenomenon that conventional CNC machine tools only consider the
failure time interval but ignore the nature of faults, a mixed Weibull distribution model combining
mechanical failures with electrical failures is proposed to further improve the accuracy of the
model. The maximum likelihood method is used to determine the mixed Weibull distribution
model parameters, and the Pearson correlation coefficient method is applied to determine the
relationship of fault times for the CNC machine tool. The K-S method is used to verify the model
and obtain the mixed Weibull distribution model at last, and the mean time between failures
(MTBF) of the CNC machine tool is obtained by using the reliability evaluation method.
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Table 1 Failure time of CNC machine tools
Fa= A B C D E
1 41 19 28 34 36
2 52 35 51 55 36
3 109 35 59 95 107
4 134 68 78 135 79
5 176 77 103 162 118
6 240 81 118 248 116
7 264 122 197 234 121
8 366 121 246 347 273
9 295 224 247 411 360
10 279 181 339 300 650
11 402 158 722 400 467
12 478 269 573 521 531
13 432 381 435 430 355
14 360 265 593 459 503
15 600 362 678 690 609
16 768 370 651 722 782
17 960 133 1120 1088 1138
18 1272 532 1316 1323 1180
19 1320 765 1459 1078 1162

[\S}
[e]

1410 1005 2227 3228 1907

B A R A B TR AR 2 19,34,35,36,51,
52,103, 116, 122, 134, 162, 247, 269, 347, 360,
366,370,432, 521,531,532,573,678,690, 768,
782,1316,1320,1 323.

AT DA B T LA S5 R s LR
FHUR A AALCE. Bl p =0.29, 0 1 - p =
0. 71. 433K th AN F 2 A0 19 285, RIT SR i 8
HILARE (A 1) M 30 285 2 pR RIS 4 A bR B

M RER B G HURB SR A Z o Tl
SHAGE IR, R FH R SO R B S B
BRI SRR PR I ZE 3138 1 S PR I, 28
J B ST AR A A .

1.3 RBABHRSH

SEBRVTSLE 38 H AR NLURTE ¢ =0 B
KA. K =S8035 R o A i feh — %
BOBAT R AR B ML R fr HLAE AN <
TN, PR IR A 2 B A IR 40 A R R

B e (4]

a-p[B(L ew-cHm]

2

F(o) =p[1-ew( - (L] )]+
(1—p>[1—wp(—(;J&)} (2)

X8>0 NMERSE ;o >0 HRIFESHp HHL
MRS 5 AT R AT AL
1.4 BifmRSETMH

I FREFE LR Nl s A= R, A R T Al A
S X e b X ML AR 2R A7 46 ok B2 o B LR 1 4
P DR Ik ek S R 43 A R TR A A 5 R AL
PRI e A A Ja AT R bR ESCRT LA BT s | e
INT e AR KA AR IR T SR
fiff. T H R B B R BUSR L R RO i 1T =
B A KASR T Y A SRR 38 o T A e
WEEELE L | R 25 R th S HORME , £ B 24K
REAS TR A ) BRAE BT >R B b A BE R e K, O
XA SHAE RIS E .

XA RURE R AT 20T, 3 f(x, ) Al
FIs ] ] o 740 AR A1 %8 B DR HL 2 i 2 AU B L AR
w, it e=(0,,0,,-,0,) & m NS5 R
PEBEALAE f X B9 n A UL £ H5 0T 44 15 0L 4R bR
e

LW)=HﬂX%ﬁww%% (3)



% 6 AR

M4 BARHURME 547 5 5T S R H AR W BT 2 833

er‘ﬁ( 1 )Tﬂjﬁﬁ%j"‘zgj‘{y El]mjkﬁgf 01 ’02 ’ .”90771 E"J
.

dlnL(6) .
oNEAY) _ =1.2. .m. 4
(")0‘] 09 .] b ’ 9m ( )

JUATT JR 53 A A 38 BE PR A

(1) =% . (;jﬁ_l . exp[(;jﬁ]. (5)

JRAT IR 3 A R0 ALK eR B
InL(8) = nin( 5 )+ Y (- Ly s

o) G
B -l (6)
FFHLBR B B BRSP4,
TR AR AT I R i, 50 B, = 1,038,
a, =430.037,B, = 1. 006, a, = 516.936. JXJi B %
AR 0 B 5 DT U 2. .
#2 REMGHER

Table 2 Interval estimation results
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Fig. 1 Probability density function of fault interval time
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