H 71 & %
2000 % 6 J] ACTA AUTOMATICA SINICA BT A

RERE PRI A | IE T
A % —

(FEFER B AT  db3 100080)

H R ARGV EZRNRBRAEFRATREREY, 8RR T 2R BT
ST R, B G RMBUE TR Y, FPEERSGR (1) MF R TAESES —3
4R,

8217 CIMS aJ$E+E . DEDS af et KRSl it
1 5|8

TEHEPVERRSIE RS (CIMS) MR ESAB X B EAR KB RIPE, X LA HE
WARKRR T AL R EEE X, B4~ CIMS AR5, Ko A
FURE CIMS Wit 21T AL BIarsR FARiE, B AR X.

ARTF—RETEFREHFEFNRE, EE~LBAI ST, BT H RN TS
A, REE RN T LHRAEE. PISRHEE. TURLIREF~EFEBEITHFHRRINR.
Hit, BERFHERMFENEG R RITEEMN . EAMEZL - a7 —
So T 4R B MRIRIER B, SCER (53T R A =28 i v 0 MUEB4E T LR H 1T 8.
550 SCER [ 1) X 2 &A1 TER A R R LRI, B R T 2R84
PR TR e A =R E K R L

ZREFR T E M E T AL L&V SSE B BEZIA B P R A R FZ 18]
HEWMEEGH N E LR, B4R RAEENR R MZREE —ERIKF. ZXIELHH
TXHAEFYE, BITASRES R YRR MR, WEMIARNBRNALERE, B
PR IR SE BT TR, AT T H T S R0 AE P2 AR PR BR 4R4R. IEAh, B G REBHH, X
I PR SCER (1) P RIS R CAESh R R R JARIRUR .

2 RERAET LR ] SEE AR K AT

XK | i n REBEAEFLEZ. H W'"—D—O_é—é.w
M R AINTHLES, B AR |

BLAE AR ZE b8, JICAE2NE ) K, (1R
M AR AIECRER).

B1 nHBEBREFZ

* BHERESREY 1258 28,177— 182 1.




138 H & b FE 4R 1 A

2.1 BRPREH

D HLES MBI BT a2 dr i iRl B S SEI R ER S RO 4 R o, KRR
A FMBEE u R8N A,

2)HLES M, AU (7 8 CPF0), WLES M ASKR 2E (17 290 13 i A7 2 1))

3) ALAS IR S IR ZE T, BIALES A0 1 VA B ia) & A b, LTk ol BH ZE i A R
ach {8

) 1 AF ALy 18] Z2ug A vt

5) VAT A A N REE 7 7R OA, BRI K AN 8oe, HE N HE 144
HLIT.
2.2 ¥lgF M i

WEP 2 EALARRRE Dy ji, BIHLES M AL TIRZS /., 7 W UL N LR

7 =0, PLag .

j=1, Flas b m |

7 =2, HLAsERZE, BRHLASIN 1 58 VA GBI

J =3, gLa gLk, BRALARRE VA R AR 1

j =4, PlLas B 28 X LK.

W P, &ALy i TR

JHIgEE. B Y P, =1

J=0

(1*12 ,n), H THLA%

YLk, P, —OZ"{PM =0.
T WA n ANFHZE, P, =0
&P =0.

Bl oy RGP AT B, W R
kADNBEIUH TSR, B, W
Z*ZT?E VA HIRE R . AR B2 Plas M FUREREE Vi -

ay+ Py =1i=12, ,n-Lk=12,- k) B | PFrorBea = plas M FRRESHE
AR TR O, A7 B 2 B i) D9 B g 3R T~ i 7 =X
2.3 RERFE IR F

MM EATGIR, n GBI E o ] LU b ) R 3 ST N LLASHE . 4 Ll 2 e A e 4
FPIRSEE R T (D b

Py =u P, +AP,,

}5’;] =P, ~(A +a, )P, + p, P,

P:zl =a, B, - p,F,,

P, +P +P =1,

1

AN

llllll



muaA H 37 4 % 139

e T

H; =R, — (4 oy, + Doy + Begon@) B + BBy,

+a, b+ ak(i—l)ﬂltpflf ;
P, =a,P, - B.P,, (1)
P, = Pri-nhl — Qi biis

Ru = ﬂk{pl)auﬂx “ak(:‘—i)ﬂhpdﬂ
Pm +F:;‘ +Bz; +}:;:+P4r =1.

Pﬁu _duanZ}u + l }31” 4

F;n iun On (A'l + ﬁk(n—l) In + ak(n—l)})}n?

Bin - ﬂk{n 14 Im —ak(n 1)}:;::3
P, +P +P =1.

In

2.4 A| S
LT EXM P, =0, WERBEAFRNRETFE TR AT RKBREREP,,

7B sesk i LA,

a, I 1 T (Zrha80) FIBEE.

B, BT 1 T (RrpAs i) RIS,

a, BTk T (EhEAE) KRR,

B AEWEIT k, 70 T (BB E) RIBE.

ZEE I B A T ERNTAERE, sTaXE—NMERESEN o, Mo, EKXKE
B, MA KT RE RER, &SR] HEY a,, 8, P, BN, a,, B,
P.,P, Xt R, B AP, X)) B FHIREN: (% p, =0, /0,,)

a, =p;(1-p)1-p), (2)
B, =1-a, =01-p)(1-p"), (3)
a, =1- B, =p,A-p)(1-p"), (4)
B, =1-p)I(A-p/™). (5)
R, KBRS TE R, THEW PRESH|ER.
By =— ;LI —h, (6)
7
P, ==LP, (7)
I
]
B =, (8)
l+—%-'—+-q—l-1-
7
R, =_€{'_f-[-;“ (9)
H;
PZ “ Rr (10)

"B,



1 40 | S BN _H: 4R A

P = *ﬂ“_ll'"Pw (1)
T oa(i-1)
Pﬁ . ﬁk(i—l)ali (12)
ak(:—l)ﬁli
p - L (13)

li .
1+-—i‘€— -+ &L_*_ ﬁk“‘l} + ﬂf((f*])aﬁ

H Py Ay ii-n ak(H}/Bu

B]h = /1" f)ln (14)
H,
P, = Priary P, (15)
ak{n—l)
Py~——f— (16)
i + k(n-1)
/un ak("q)

NEHER ARSI R AR, BT A2k hABAB ML R 8] R AT 4B ph 38 A e g
HIRITE G 45 W A A AR PR IE 2. TS £ P T 75, A 7= 2 el o] S0k B 0% R G 2 My 4 7T
KICRE K, FTLARIRAE P R ARSI A, WTARIE @88 By JF F 0] H 2F 7166 2 39

33

n-—1

P“UP Ues. (17)
T, A TRTR
A‘ H~1 'I_ | . (I“—~
A, =1-1- 1+ 4 2T 1—(1+f'—+3-'-'-+£-'iﬂ—”-+ﬂ“‘ )t
Ko B i=2 | Moo Py o, ak(H)ﬂn_
A, Byt
-{1—(1+-—-——-‘-’—+ P 2y (17a)
lun ak{n 1) )

BEE LI WHEE 7)) XM (172) 52 o —5
g e R w k5] e 2 18

W, =mmW, =mino P, (i=12,---,n). (18)
(o £B /R W 5 A w2 1 2 e ?f:L?iJJ
|CU a);H (19)

X TR Rt A MR BT 51, )J{%u}: IR EE RN R, Ak EIRPLAR 2 JA)

) Ao S Y1 S T SNl
W . =wP =w

(i=12,---.n). (20)

(+15 1.0+

il



T A H zh % % #H ”
W%
)uf )81: ak(: ~1) ak('-__])ﬂ” (21)
= a)f+l
l-l- l{'+l + al(f+1)_+&+ ﬂhal(j_*_!)

Hi ﬁl(m) Qa, akiﬂi(:ﬂ)

Sl — B RHE S, oI LLER, EIREFFEAEZRPIFMA QD FAHE R EMFEL
#IAK A7), (18) LALICER (1198 (15) 58, (12) R, (13) NF7EL£—2. B, HFEEERH
RAEFEE T KT REMMAR S ELS CER (1] PRSER TN T ERE TR RIRER.

RAEH BN E N ARG LR E = %%iﬁ%ﬁiiﬂzi‘:$w Z LERIE31HE, Bl
I¢-h Y (22)
n . @, n 5 @

E, =

3 B 3

Bl REEX H SR L],
Bl 1. PRAEFR, BBERD 2, BMHRRE. BERNETRSHINT.

A =0001, 4 =002, o =4,
/12 =0.002, u,=003, w,=3.

KA LRI A] R AE T &,

B (2), (3), 4), B)H
a, =04324324, B, =0.5675676,

a, =0.7567568, f, =0.2432432.

Bz (8), (16) k7

-
P . =(] 0.001 04324324) - 0.5519054.
i B, 0,02 0.5675676

-1
yz B, P 003 07567568

R (17) 1 (18) 13
ATHBE A4, =1-(1-F)(1- F;)=0.8747180,

£ W =min(w,P,,w,P,)=2.161235.
B2 FBL EAREE o, 0, ERETEEABT, KFILE.

R AREEFEEAE R, JIA(21)

A
4+ L+ — 1+—-—-—+£-3—'-

H, B Hy Uy

RPN a,,, Bu» @y, By IRIER(2), 3), (4), (6) AT H
__9_;_,______4,_;_;_%___000“003__3.



142 £ EJJ_ t, % IR A

N el

RAAKXL (2 ~5), @2, (17) k& (22), With
W =W =W, =2.1875, A, =0.877276, E, =0.638021.

BSHA. M UL LB ET 1545 B, A RAT MR RESEN R PR —E AR THA
R EE Y. sbAh, BORGIE T TR SRS, RERER AKX A7), (18), (21), (22) 391G
FAFREAERLE. R, 5 FEEBBAEFLZATITNTET LT BRAFEFLRITLE. R
15 SRRV 4 4 4F 3t (2 1) I, T B E B FEUE M B (21) 307 R & B T 124 B0 .

NG

AXHRFEEBIT LR BAEFLR T EEEN—RE T, FEHERM EX
B P RARASTT I . AR RAEFEI50R, it — P REBEFLEEPERART
WAt AT B RPRETREANERAEFRPME R L XK. B, 8% THERES
MR TR CY4EEUR” AR, A, A B I NMBUE SRR, ROFEEFDCER L]
RS T AR EST T AL EE ST ERER PR

Z Z X ik
. GV . T HEMENZESHERS (CIMS) s AT RAEHR. 5ab5EM, 1992, 18(1) 1 15-22

2. Choong,Y F., et al. A Decomposition Method for the Approximate Evaluation of Capacited Transfer Lines with Unreliable

Machines and Random Processing Times, //IE Trans.,1987,19(2):150-159
3 Koster, D., et al.. An Improved Algorithm to approximate the Behavior of flow Lines. Int. J.Prod. Res.,
1988,26(4).691 — 700
4. sk—Hl. CIMS &R nl St BB S ot PREK 2 s L RAT I8 A3, 1991
BFUALEE. T HALGR S HE R L CINS) AT REVE R A R, HEHE R R HNAHF R, 1989, 91 — 96
6. BRI ERIRATREI TS EE. LR BE ML, 1992

I

RELIABILITY ANALYSIS OF SERIES PRODUCTION LINES

SHU Songgui ZHANG Yigang

(Institute of Automation, Academia Sinica, Beijing, 100080)

Abstract In paper, the reliability model of transfer line with butfer is obtained with the application
of flow equilibrium. Thus, the difficulty of analysis of multi-stage repairable production lines is

overcomed. Both theoretical and numeric calculations show that the flow equilibrium method can

draw the same conclussion with the method in literature[1].

Key words CIMS reliability; DEDS reliability; large-scale system reliability



