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Quantitative modeling and application of CNC

machine failure distribution curve

ZHANG Genbao , TANG Xianjin, LIAO Xiaobo, XU Zhi
(College of Mechanical Engineering, Chongqing University, Chongqing 400044, China)

Abstract: To quantitatively study the distribution curve of CNC machines, the Weibull linear regression

using the failure data of CNC machines is analyzed. As the result of analyzing WPP(Weibull probability

plot), the failure rate distribution curve which includes early failure period and random failure period is

established by piecewise twofold Weibull model. The establish method of the model and the process of

parameter estimated by maximum likelihood are explained. The correctness of the model is verified by

comparing the lasting time of early failure period with the actual situation. The optimization warranty of

CNC machines is obtained by an object function which is established by the model.

Key words: CNC machines; failure rate; Weibull distribution; warranty

VLA A7 i S 30T P R R A R T B
AL EE PR SR SREAE S L R X B A AT AT SR BT
S AT SRR AR A R A L DT BIE S B R R 2k Y
AL B LA T 2 1Y B0 R SORSE B TN
WA T K EEFSE . Rodrigo B. Silva ™ 4 i
A 3R 0 A1 fH 2 A TR AR B 48 72 1 9 1Ay g e ML B 2
X I T B A B B B A Bl T R i 0 A

K7 B HY.2012-12-08

Pl . M. Xiel ™ 32 FI ™ F A JR A5 Y A N7 I 26 4%
Aii BRI 45 1 S B T 0 T Ry B 6l 4R A A
BT B B B R . AR R AT AR X H 2 B A]
GRS TR (1 H iy b o A N7 7 G A 0O AE AR O 45 s S
it A B Sk T AR 4G TR IE SR . X T B AL
PR B B 58 . T, AL Jones! ™ 42 M T A4 i e R B
WAL Tk DN O 38 i BILIR T 58 P A 4 Skl A

ESTH . HARHE E KL I (20092X04014-016, 2009ZX04001-013,2009ZX04001-023) 5 [ % T K& % 3 (2010ZXD4014-
015); [E 58 H AR Bl 2 B 4 i i W B I H (50835008) 5 |8 58 863 11X %¥ B35 H (2009AA04Z119) 5 $ 7 i i %< 4%
HEAREZKE = (PR RS FF L 4 ¥ B

EE B AR EE (1953 B B R S W A 0, B A S B b T i R A T A LR T 5 R
Ji B & W) 81 5F . (E-mail) gen. bao. zhang(@263. net,



http://gks.cqu.edu.cn

120 TR K FFER

Yu J5 5z A A 74 i o A A5 R0 T T e 7 i i 0
A R Al 2 A7 T A P R A DA B il e R 3 A A TR
TE o BL/INBET A R R GE v o BT B B At L 3
THLIR 4 s 5 il 2 IR 400 A o SR L3k 3C
R Zms ALK R A S T R R R
i o ASUASC IS T B — 73 A7 A5 TR 3 57 AL PR W3 Bt 3% 2 A
2. RO b HLIR S A ik R R 22 i PR B R K
BB |6 19 7 A [ 1) P e 30 P e A ) il o e A
WA . [, R A — 2 30 2 A 105 2 45X
SR g LB R R 22 . R SR T R AT R
Gy BOSE RO AU, & AL IR BB =R A il 28 58 00 % AL
PR 7% e o 00 00 6 9K 5k I 80 T e 24 1 G B 2 e A
RGBT B, AR5 X S0 e e 90 -5 488 R Wl e A 2
(6] By BF 8] 45 s B AT B A2 o i i TR Y X i 2R 81
A 1 S PR A Y 2 AT A5

1 HABERBEESEHLER

1.1 S{ESS

LD 3¢ s ] 88 o ) 2 T oA 40045 S T 5 M A A
1) E B SE R A . AL SR R AR I Ay T
IR RS2 7 it 70 A AR 5 B 300 1 ol e il L — 2 T
P A — A DL TF 46 R R 2 A% Y 3 22
T B s . ALK 5 R 5
Eh=CI TP T R ERIZ RS 5 G L
O TE 3 AP BRI AT I —4F I B 4 15 10 ok, 2t
SRR 61 AN BBEEEE . LA AZ I E] Y Y i
o A I3 ) o B T SO0 3000 1 >k 400 FCARE 4 % 2 e %, T
Ve 550 () o B[] ORI ¢ € [2,1735 143 7 4 a5k
1 i,

F1 MIPOENBERESR

e XKEE KB 4E B R iR

1 2 249.57 125.79 37 0.606 6 0.616 6
2 249.57 497.14 373.36 8 0.1311 0.7377
3 497.14  744.71 620.93 7 0.114 0.8525
4 744.71 992,28 868.50 5 0.082 0 0.934 5

5 992.28 1239.851116.07 3 0.049 2 0.983 7

6 1239.851487.421363.64 0 0.000 0 0.9837

7 1487.421734.991611.21 1 0.016 4 1.000 0

LI 2L ] 010 T (6 S b A B o 45 201 1 10 20 2
BRI £ (o g A B« (o B H B3 A T 0

;

AL (@Y

A
f( =

# 36 &
S 2y Sy B 2 RE ] I B[] m 1) i R AT 5
n A BRI  n=61;
At; RN 247,57 h;
PUA AR 2 B e an i 1 iR .
0.0030
0.0025 [
~ 0.0020
< 0.0015
0.0010 |
0.0005
! 1 *> e I
0 500 1000 1 500 2 000

12

1 i8] B B (8 4EE R 25 R £

SNSRI 51 7 1 B R TN g A T R R [ S
R 2 2 R R R A HL R R B — o B ] S
TR B % O R (] B R ] T iR A
PR 0 A AN 23 02 1 25 40 A 5% B0 IE 2 40 A, 1 ] RE 2
F8 8050 A B H BT IR A3 AT . TR B0 A 2 BAT R
SRR S B p=1 iy . R R AR
F) T30 T o A s ) o s [ i DA 2K 49 A
1.2 =BT
1.2.1  BA R 6 &= )2 547

B Ee 3RS n AR E R (20 s 30D L (2 s
o) (s v, s B FEARAE B AR AR AR 1. WK
FE B AR O A — S LR B B Ok L 7 T
WA RO LR . REL TN

y = A+ Bz, 2
A, S5 B MiZHLWRPR A B,
X 2 S EOBAT IR A3 A FL B R A R

) ) iy
o JJof(t)dt— 1—exp[—( ) }t}y;

0, <7,

K AR IRSEL >0

a AREZH .a>>0;

Y WAL E Sy >0;

TE VA B 43 B v, B -5 B 2% 19 e AL B AR
AR AN TE Y B E A PG A [ B BE LB, > p=>1
I 5 BT 0T 1) A i o3 A s 2 B= 1 I S ARk
BRI i A3 AT s 2 p= 1 B SR AR R 0T Y
I3 . o 5 ILAESA I B G, O AR B Y
a /N ZIRR .y IR AR e ME 25 4% B il 2k 1) oF 7
P T =y ZEIAN KA TE =y LR
e R



http://gks.cqu.edu.cn

% 6 4

FRARAR , 3 R AR M E R 5 A o &8 AR AT F 121

SRR £ £ IRRAE ¢ =0 7% g 0 7
b N WD (T )
F(t) = l—exp[— (aiﬁ,fg 0; (D
A i 1R AT 2 1 AR 4 L I B AR 0 BT
m[ln(l_lwﬂzﬁlm—ﬁlnao 5
A Ht (2) A1 (5)

=y

P,

1

0.99
0.96
0.90

0.75

T

0.50

0.25

i

0.10}|

0.05

0.02

0.01

é\gzln[ln<%>},.Qr:lnt,ﬁ:ﬁ”g: _ﬁlna,
PRI A 21 i AT 2R A 2 09 7

A AAA
y=A-+Bux, (6)

i Matlab 818 48 1 R 508 BE 17 204 e Ak

A8 A R AR AL R 2,

1
10!

107 10°
B

2 EBRGEE

MK 2 a] LLE ) Bl ROOF A R — K H
2 b R P A B L B — 0 B A R A A
LA ZH B & A G35 0, I i T B 52 % 0 A5 A
X H AT AL AR WPP & B AR A e HEAS R
ZHGEE 9 WPP EAH e a0, F U8 1 7 3 A
IRy BERET (B <<B) G L &
1.2.2 AERA Ry BB E L

F P T A 2R 43 BURE R A 5

FEEfIE] (=0 WX A 53Ry 2 AKX E] Ty #1 T, : T,
={0.t0} s Ty ="y o0} HALRL B AT SEPE R B R (0)
=kR: () R EZHN B Moa; B 2 ZBURAG IR
O3 A B = B T AL IR Ak Ay — A TR 5 A A R
A LA B AR o S P A R S B B
1) h

R — {klexp[ (t/a)P 1,0 <t <ty 7

kyexpl— (t/as)? ] t, <t

Ui B A B SR S B A R A3 A T 2
JC P T B AR A R 3 B A R R SR L AT R e ERCAE )
TS I T 2 1Y) B R R BRI 2R 50 oR U AN

HEEEN) . N T Lk A R 43 BB B (1 B R ok A
FCOTESY TR AL 2 Bl 28 3% 31 3% 22 A5 A vh 5] A
SR by ol FLUT R SO IT Ay sk T £ (O
ERMERRS £ o BT, S8 B E 28 H
() s key o ley TFE FAH 2 F — N EUH.
1.2.3 MAMEK B HAF 7+ H K

W f(500 00,2020, (0, 405 50+ 10, & m DA
SHO R HEALAS B XA S TR R AR AR B L AR
SN ORI VIR B &/ I R AR = (Y B/ NTSE S G

L(@l 752 7"'9(9,,1) - H_f(l';;ﬁy aﬁz 9"'90,;,)0 (8)
i=1

Xj‘{u?ﬁ@ﬁ lnL(ej) (]:1927"'7771)ETX*&{E’EJ
DL E DL 7 R
dlnL(ﬁj) _
do;

AR RIR RS S50 0, WAhTHE .

M 2 W45 i 29 A SIVE BUEZ Ly i S
31 A AU BT £k Lo o IR AT A K 5 gl A JK
53 BURLR S 8005 BEE AT K ARUBR AR 1. P9 S 808 A
IR 53 A7 (AL SR o B AT LS Ry

0, €D)



http://gks.cqu.edu.cn

122 TR XK FFR % 36 %
In[L(®] = ty = 1 441,k = 0. 689, 2D
n n B . 2H 72%% VAT A %E_! A
nln(ﬁ)—nﬁln<a>+(ﬁ—1)1n(2z,)— Z(L) ) LbEE:EE(,lB)\(ZI)ﬂﬁacWi/:«ﬁIEE?ﬁ/J\ﬁ&ﬁ% ib)
=1 =1\ EED ¥ )]
(10) R — jklexp[* (t/adh]
KA I 4 KRBT = kvexpl— (t/a* ]
IIn[ L] _ exp[— (£/331)%%17,0 <<t << 1 412. 67,
aJ
, P ., ; {o. 648 Sexpl— (¢/445)"°" ],1 412,67 < ¢,
%—nln<a>+<2z,)—z<§) ln(g):oo (22)
i=1 i=
11> PRI ] DA SR A5 2 BORAR IR 43 B S TR A 2k 3K
Iln[L@®] _ —np t\" B
= +O (= =0, 12
Ja a Z(a ) a Jfl(z/mw
Hy 2 (1) At (12) 7] £ A =— %lnR(z) =] =
1‘82(1/(12>/?2 !
as

" 1
g7
o[
n

" ln(a) + [2ln(t,)]—%2t§ln<§>: 0
(13)
I3 n Ry 2RO A B ¢ AR 3R TR 1] B
P ] 5 38 4 32 QSR R X (13) M R AL SR A 1
B = 0.89%4,a; = 331,08 = 1.014,a, = 445,
(14)

P
|

BN ADRAKX D A1
R — jklexp[* (Z/SSI)O'&Q"I],O <t <t
I/zzexp[— (¢/445) 1 ],0, <t

(15)
1.2.4 &Fia) 35,869 7 T
F 5 i 26 T 4 I e 1 o8 AT R TE RS F A
SN FE LTy 3 A B B AR & B[] X [A] 22 (8] 47 75
— BT A B OGR4 X T SO i 28
JEAT IR o3 BOBEAY 1o 50 J H 43 B R B A3 AR KOG
SRS [E] 5 . T T R R B M R T R BT
Hop A Ak % 2 )
R(t,) = Ry f(y) = f(5), (16)
PR p 2 (7) L (16) AT 75
Frexpl— (to/a)P ] = kyexp[— (to/ay)? 1.

17
—~ ’ifl (to fan Y T expl— (ty /e ) ] =
—fk;22<m/az>@*lexp[47<m/a2>&]° (18)
S =1, AT R A8) 1

ty = [,81012'82 /B /er? JV TR (19)
ky = exp (1 —B/B) (t/a)™ ; (20)
B AOMRARAD FI(18) Al 5

0.002 7(¢/331) "', —0 <<t < 1412.67,
{O. 002 28(¢/445)"", — 1 412. 67 < ¢,

(23)
HEEE 3 Frs.

-3
5.0X10

4.51

4.0f

A0

3.5}

3.0

2.5+

2

001000 3000 5000 7000 9000
2000 4000° 6000 8000 10000

3 MEBGRSBRSTREMEZEALE

AR R AT 45 3% R 50 R b i B0
MBI 204 1 412 h 357 38 K TAE 14 h 35, )
2% 2 50 b 3O A R R R R 3 N A 2
Ko 3K TP BRI R0 T v O i IR BB I () A 22
R Pl LR L Gobe B IE W, S0 ml 45

2 HAREXREHATR

TRAB AR ™ dh (BOTHF RS0 WA ™ & 5 &5
T AR DR A8 2% 3K O 0 O 7 il 72 IR O A A IS O T
— 5 IR 93 DA RE 70 70196 2 T R 11 2SR T A Py —
PRV BEOR A 5 2B A — 5 I L 7R B 1Y
ZAETR L ZTURE 7 B A R 1] B % 2 AT A
o SCRRL L4 143 0 P R ol B R B2 S B3 T
1 5 e AEGR B I XOT A 4 . il 0™ a9 AR 12 3]



http://gks.cqu.edu.cn

% 6 4

FRARAR , 3 R AR M E R 5 A o &8 AR AT F 123

BRI SR A P L BT AR E 1% & 1 i
H 14 PR AG U R A 1R SR PRI 22 4

TEB0 A2 1% 50 N v e A AR AB 19 22 i A
RS

BB — A% R BN Al S A R i SR B 2
1677 Ay B /N 3k i A48 R T 48 18 SR 28
LR T B R B G TN R B AR AT 4
B . X ARLER T 0T L I A SR A& R
RCRR B B A R BOR KA B TARR S
DALt i s [8] D[] COW T P AP P 218 8

-
M) =J A(ode, (24)
0

R — s TR R AFES SR I FE 4R 1B 2
FHEE I B B 3 1) 280 2 ARG 2> o A O 228 Wit 5% 95 7E #E
LIS PR SO0 P9 A K A L R o B i A i A LA AR
pdEiR

TE BRI AR TR T b A i — A
i/ L AR NS S € )

E — P

IU T
co+c,,[J ADdt +j A dt]
0

AP HEmMLTh L PHEBEENEN P
=3 500 000;

Co il 3 2 m oot W 3 8 5 A, G
=1 800 000;

C, Ry B B 418 5 9 . C. =5 000;

T R R0 T AR R 1

FH P 0 SE A Rz TPl I 5 R R N
_ b(L — Nt,)

C,+C,+C,+P’

FH o S T T A R v A7 ] Y
Wz ,6=500;

L A ITHOm &, L="72 000;

¢, IZFR AN O B R R T 08 A
[z, =100

N iz & 0 I L vb ot 78 73 i i 91 P 09l R Tk

ty L
ﬁ?N:J /\(t)dt+J A des
0

lo

Cy iZ AN v TR 2 A i e i Bl 45 2
Ci,=NtC.;

Co D% A BN v 0 78 B I [0 ) 458 2%
A, CL=50;

Co D% A BN L Hp O 78 7 i JA 30 P4 e 2%
H,C,=C,(L—Nz,);

C. NIZARZVIN T O B I 8] (4 16 T 3% 4 C,
=20;

, (25

E, (26)

Cs MAPTEMREIE I XfmdgeB i, C
- C,J;A(z‘)dt;

A1 30(25) L (26) 7] RLFE o 7 H A DR 3RS A2 1) 4
DU AR IR L Al 1 22 5% 2045 T W T P R
ZPERER b T s PR U] L DU A ol Y 22 5 AL A b
TR P 2B R T . PRI Y T K B R
WRERE TR g SR A s S5
J 8 g [ o AR X B R 2% A 9 o T A e R AR
.

SRR
MaxE, = = L T ,(27)
(:o+c,,[J xmde ADd]
0 r()
. B(L—N)
MaxE, = = ¢ ¥ p° (28
A US|

E, >1,E, >1.T>0,T <L,

it MATLAB iz R 8 e R R B 81 11 077
h 4% 8 K TAE 14 h 38 RERHH R 791 K. i)
Aol A0 A 25 T Bk AR X K E K

3 & B

TEIN T F o 10 5 R I () S8 8l 1 S A b 0 AT T
HL IS0 S 0 R R e e S0 Py B 20 A L. T
s upE U NUPUNSRS VA OREEES Sl gt GNP gt
A T T O e R g A il 2R O as R AR R T
LR T OGN 53 0. A3 LR T /9 S R 51
TN T v B S0 e e S0 0 SR B0 1 20 SRR 2 h
1000 ho, 55 F 5z e g I [R) A 28 A8 K. 9 FIHTIZ &
A7) Jo0 T IR 38 03 A1l A DAy B e AR R T R i
Ut A DRAB I . X A oMb 0 4 A0 P R 4 2R AT A
A A Al 5 T R I AR A e R A 4 o RN S %7
VLT LA T Al S A L i A . AT R AP TR
JO7 FH AT 5t

SE K-

[ 1] Lai C D, Xie M. M. Bathtub-Shaped Failure Rate Life
Distributions [ M ] // N. Balakrishnan, C. R. Rao,
Handbook of Statistics. Netherlands: Elsevier Science
B. V. ,2001:69-104.

[ 2 ] Rodrigo B. G M. A new distribution with decreasing,
increasing and upside-down bathtub failure rate[ ] ].
Computational Statistics and Data Analysis, 2010, 54
(4):935-944.

(T# 5 136 T



http://gks.cqu.edu.cn

136 TR K FFER

# 36 %

technology and applications of rod pump well [J].
Petroleum Instruments., 2011, 25(1): 60-62.

[8] Gao H B, Zhu Q F, Yang C J, et al. Intermittent
intelligent pumping unit and its application[J]. China
Petroleum Machinery, 2007, 35(11); 58-60.

[9]Li M, He P, Meng C. The design of oil pump energy
saving expert controller based on ARM[]J]. Computing
Technology and Automation, 2009, 28(4): 56-58.

[10] Qi W, Zhu X, Zhang Y. Study of fuzzy neural network
control of energy-saving of oil pump[ C]. Proceedings
of the CSEE, 2004, 137-140.

[117] Specht D F. A general regression neural network[ ] ].
IEEE Transactions on Neural Networks., 1991, 2 (6):
568-576.

[12] Haidar A M A, Mustafa M W, Ibrahim F AF. Transient
stability evaluation of electrical power system using

generalized regression neural networks[]J]. Applied Soft

Computing, 2011, 22(4) .3558-3570.

[13JLiH Z, Guo S, Li CJ, Sun J] Q. A hybrid annual
power load forecasting model based on generalized
regression neural network with fruit fly optimization
algorithm[J]. Knowledge-Based System,2012,08:015.

[14] Guo Y, Li N, Li X S. Multi-resource leveling in
multiple projects and vector evaluated particle swarm
optimization based on Pareto[ J]. Control and Decision,
2010, 25(5); 789-793.

[15] Zadedi G, Parvizian F, Rahimi M R. An expert model for
estimation of distillation sieve tray efficiency based on
artificial neural network approach[J]. Journal of Applied
Science, 2010, 10(12), 1076-1082.

[16] Zou Y X. Production technology [ M .
Petroleum Industry Press, 2006.

Peking :

(w3 1ZE

I IPNLD~LPNLPN PPN LPN L LNZD LN LDN LN LDN P ZPNZD LN LPNLDN LN LD LN LPLDN L LPNLDN LN LD~ZPZDNLD LI

(B8 123 5D

[3] Xie M, Tang Y, Goh T N. A modified Weibull
extension with bathtub-shaped failure rate function[J].
Reliability Engineering and System Safety. 2002, 76
(3):279-285.

4] Zhi%, L. 5T ARMA BB {5 B 22 30 77 2 o
(1], ARG TR S o FH AR .2008,30(8):1588-1591.
LI Ruiying, KANG Rui.
forecasting method based on ARMA model [ ] ].
Systems Engineering and Electronic, 2008, 30 (8):
1588-1591.

[ 5] Jones J A, Hayes J A. Use of a field failure database
for improvement of product reliability [ J]. Reliability
Engineering &. System Safety,1997,55(2) :131-134.

[6] Yu J.Jia Y Z. Applied research on reliable increase
measures of CNC lathes[J]. Journal of Harbin Institute
of Technology (New Series),2005,12(2):218-220.

L7 0 BN PLK e 2 0 40 il 26 5 b s 4 R 0 F
FE[D]. K F KK %=, 2010.

[ 8] Mgkt 484 M , T8 . 1R A BAG /R 70 4 1 2 B il 1k
L] HUBRL 2 58K ,2001,20(1) 1 14-16.

ZHAO Jijun. ZOU Jingxiang. ZHANG Xiging.

Parameter optimization estimation of mixed weibull

Research on failure rate

distribution [ J ]. mechnical science and technology,
2001,20(1) :14-16.

L9 ] SERR 0 R 0 PO, 4. 6 T A o JR 000 00 80 4 R
F Ay AT R R K s ol [T ). MUK 5 9% & 5 2008, 36 (1)
164-168.

JIA Zhicheng, SHEN Guixiang, HU Zhongxiang, et al.

Lifetime distribution model and control for CNC lathes
based on life cycle [ J]. machine tool & hydraulics,
2008,36(1):164-168.

L10] =5 - 22 Wi, W] S PR AR 5 07 FHCMO. db ot - MU T
b i A5 1999,

[11] Govind S. Mudholkar, Kobby O. Transformation of the
bathtub failure rate data in reliability for using Weibull-
model analysis[J]. Statistical Methodology,2009,6(6) ;
622-633.

[12] B2E Dy . 7 v 80 m o e 5 43 pr [ML de 5t By ol
R, 1995,

[13] Blischke W R, Murthy DNP. Product
handbook[ M]. New Yourk: Marcel Dekker,1996.

[14] fift fir. PRAE ST M RA S ARB DT RLD]. Kigt: R
K2#,2005.

[15] Wu C C, Chou C Y, Chikong H. Optimal burn-in time

and warranty length under fully renewing combination

warranty

free replacement and pro-rata warranty[ J]. Reliability
Engineering &. System Safety, 2007,92(7):914-920.
L167 84 7& 2 BE. 6T S DR A 19 R 7T 58 4 7 R e de G 2R 7
FEMIITT. ARG TS T4 AR 2009, 31(1) . 479-483.
HU Fei,ZONG Qun. Optimal production run length for
an unreliable production system based on product
Engineering and

warranty policy [ J ]. Systems

Electronic,2009,31(1) :479-483.

(m# & #)



