2018 4F 10 H
5536 B S

Journal of Northwestern Polytechnical University

Podb Tk K2 % Oct. 2018

Vol.36 No.5

https://doi.org/10.1051/ jnwpu/20183650995

ETERBRGRENZHERARZATZHE
SMEEHETIE

W E, ek

(HEPSSGERE HL S S TR ERE, HIK 400074)

B E.LNBRAAENERAESORTE THNERAR, $FRAATEREEEER, Kgd24
Ze APt A T R BBGAEEA M SR AR T BT EEE T &, AP35 B &
B BB KT R AL, AR A R ARG AR £ e U 4, RIGUA &S R ARk
THATREE . RGERBEWALS T FAN SNE ARG ER IR N et AL T R L SN AAR TR
PEARAD A adie Nt AT W A SRR R AR AT AT AR ) 69 AR SR M A BHLERE KR, R A R
T ENEF R AR A K F ISR AN RS 3 A AR 6 R L R SRR ) R SR
A, B FHERX Z SRR DR SR IATAE R e, ZH HBL T AR N T BRI
R RBOR S BHGT £ # R0 AR R R B R E R K B2 H 2 K691 & PMS-BDD
7 ik BT AT RO TR BAEA R RS S A oA KA ARG 2T SR, AR
FlV4uid TESATT B AAT R EES K, 5t 5 PMS-BDD 7 kAR bk B4E T %R 2067

AR

x #
hE 4 %S . TB114.3 ; N945.17

Z W Bt 25t ( phased-mission systems, PMS) ] 72
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BB, An R B AR B Bt | b kA 3K o Bt | k458 7R By
Be55, PMS & BB & T HR I OC R AL B BUT:
G RN RGAT 554 KM, PMS & B B AT 55 A
[] , DRI 25 B B 2R G A B T A I B A 55 R 2L I [
WAISAAIE =z B B P DL K B Bt ) 38 &5 A7 7E oo
S FHEN R —ASTC AT RELE R Be A 24 Bl T a5
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PAS5E 0 AN ) | PR 2% B B oo A 32 B Y I 7Kl
AIAATE] , B — T e B B i 2R 3T REAN ]
TSR g 2k P T AR AE 25 B By w) 8 B8 DL R A4 ok

s HH#9:2017-09-10

W S BE ARG, Wt AT M T SE oA R R 405 3k A
XERFRERD A

X E S :1000-2758(2018)05-0995-09
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P(S, NS, Nn--NS,)=P(S)P(S, I S,)-

P(SN| 517527.“551\“‘—1) (D)
WHTB A n AR BB A TR AT oy D
M5 5 m AN IERITEES 5, B BN A SE O LA K
A AR SRR A

P(S;) =P(X;)P(X,)---P(X,,)---P(X,)

n-1
[P Xy Xy X, ) (@)
l=x

P(S/) :P<XI»I)P<XJ'2)”'P(ij>.“P(Xj}’)

k-1
HP<X/(1+1>) | X/u ij, "‘,Xﬂ) <3)
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BB i 5 j R RS ART S M A
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P(M=1)=P(S, N Sj) =P(X,)P(X,)-P(X,,)-
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1) M A,B A& RIMHEE BN

P(S=1)=A+A'B (9)
P(5=0)=A'B' (10)

2) M A,B A B EREE BN
P(S=1)=4B (11)
P(S=0)=A" +AB' (12)

X, ABERP(A=1),P(B=1) FWHERIR AN
PEFTRL;A7 B o8 P(A = 0) ,P(B = 0) HIBEE, K
R BT A

TR X AL B, S R IFER BN, HER G 3 A
N P(S,A,B)=P(A)P(B)P(S| A,B) H425 A
BRI HWT

bucket 4. P(S=11 A,B)

bucket 3. P(B)

bucket 2: P(A)

bucket 1:1

Hefh 1 WAUANE 2 TH 57806 S, PR 2 WA
AN 3 W2 B AR HENH LA T .

bucket 4. P(S=11 A,B)

bucket 3: P(B) P(S=11 A,B)

bucket 2; P(A)[P(B=1)P(S=114,B=1) +
P(B=0)P(S=11A4,B=0)]

bucket 1: P(A=1)[P(B=1)P(S=11A=1,B
=1)+P(B=0)P(S=114=1,B=0)] +P(A=
0)[P(B=1)P(S=11A4=0,B=1) +P(B=0)P(S
=114=0,B=0)]
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P(S=114=0,B=1)=1,P(S=11A4=1,B=
1)=1
P(S=114=1,B=0)=1,P(S=114=0,B=
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TR 1 WA
P(S=1,A,B)=P(A=1) +P(A=0)P(B=1)
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FIFHI A, E30 45 200 H & i — i R G0 W TAEEL
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HBrB i - 145, ST e B i rTAERIMER N
P(S;)=P(S, NS, N--NS,)=

P(S, )P(S, 1 8,)P(S,; 1 S,,8,,,8,1) =
P(le)P(szl S:(l)”.P<Sxi,| Sx(i—l)) (15)
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F(S,)=

P(Sn N sz n--nN Sx([—l) N (1 _P(Sxﬁ)):

P(S )P(S, 1 S,)P(S, iy | S,i)) X

(1=P(S, 1 8,00)) (16)

RGO O B BB BT S Z5 A T Y A0
Tl 5 i 43 A B PT AT AE A T B T REBE
32 THRRRGER

JCIFIE R TAEBIBY B @ MBI R a0 A, & %
JEITCIFZ B Be TAE B R4, Nelson £ Hi To 1
SR A5 A A ( cumulative exposure , CE) (5] , HAR
JE 7 it B TR A% 75 i SRS T 24 i 2 AR R ALY
GIETR b & SNTTESEAE e w ve NI 9 o v i
TEBTEC i = 1V LIy A, TAE ¢, RS TERT B D
W) A, AESERLIR] ¢ 38 AN FTE EAR A [ Be
i P50 R RST8] ¢ TFUR e Z ET S R
RSy HSCHR[ 16 ] AT STAEAT SR By R
R F,(1) h

F.(t)=F(t+1t",)0<1t<y (17)

FeA RN 02 D F (el ) = Fo (e +0.2,) ISR,
b, EBE L BRFEEISE] L FL( ) IeERLRBCR A, T
YEmF 534

TCIFTERT Be i — 1 ATSESAE NI B i 10 2% A
G By (1) AR 26 P DL 8 AT
F.(t) - Fn(i—l)(t>

1-F, (1)

Foilo(i—l)<t>: (18)
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P(S;1 S.in) =1 = Foun(t)  (19)
HLTTHF R AR I A6 Bood A, A5 B Be a1
FE oA i (17) A%
B F (1) =F (1)=e™, 0<:<1,
Mg 2.
Fo(t)=F,(t+1]) =

At
— * _ 1"1
e ) = ¢ “(”ﬁ) 0<:<ti

’ 2

At .
A =W () =Py Ble M = e g
2

fift
[ AT A R B BB A A

AqipFAgty et d, gty

Fo(1) = e (#2200 < <4 (20)
i (18) AT B B AR o0 A
Faun(t)=1-e™0sts<y, (21)
B (15) ST E B B Bl 5250
P(S,;)=P(S,)P(S, 1 S,)--P(S;1 S,y) =

e*()‘]L]J'AZlZ*"'*)‘i‘i) (22)
X AU TCA I 75 i 23 A1 RS AT 2R 701 H
2 B B T o3 A ATy Al T R A TR

4 EBl5Hr

Mo B IF AP IE TR KSR TE R R PUE Bera 4211
Z UL, ATy O K R AR B B A 3R B Bk A
7N BE LS IO 5 B I b T K B, LART 3 B
Bt Pl 2R 8 o0 ) R AT R SR A 4% B B il SR
RSN T7 (X 45 By Be i 1l 28 S 45 A Al 1 3 24
e

1) e R K DL i30T o 3 57

SRR R AP BIE TR PSR R GE 3 B Bril By an
2 Bz, WS i) DLt S i 3 B
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2) B/ INANAS AR SK A R1 THEHRE
BB 1 /MR AE 128X 34 (11x13) ,28x34x (11 P PR

x14) ,28%x34x(12x13) ,28%x34x(12x14)
3) A ab B
FIFH(9) ~ (12) X BB 1 B 5 A 2 fk Ak
A
11 x 13
11 x 13’ x 14
4) BB i 4 o
BrBeNAFFESL e A 11 5 13, BB
TSR R OC R (13) fh A
11
11" x 12 x 14
7] 21 AT 75 LA B B ) e/ NS AE B
5x17 5x17'x18
5'x6x8x17 5'x6x8x17'x18

11 x 12 x 13

28 x 34 x{
11" x 12 x 13" x 14

D1;28><34><{

Fir Bz 2:30><36><{

Fir Bz 3:20><26><32><38><{1

5) RGNS
BB 1 AR G, REBRE B 1 1Y
R/NASEHAE D,
B BE2 RGUIEAE B2 S B 1 AR AR e AL
PR SR D, Ky
{ 5% 17
X
5x 17" x 18
5" x6x%x8x17
5" x6x8x17 x 18
6 x8x 17
6 x8x17"x 18

'x2x4

D, = Ax{

Axll’x{

Hrfp A =30 x 34 x 36,
BB 3 REUHEAE B3 SR B 2 fEAE ot
H N AL D, N

D, =
{ 17 x 1 { 17x1"x2x4
X B x
17" x 18 x 1 177 x 18 x 1" x 2 x 4
{ 5" x17%x2x4 { 17 x2 x4
X B x 11" x
5" x 17" x 18 x2 x4 17" x 18 x 2 x 4

Hirh B =20 x 26 x 32 x 38 x 36,

6) RGL4 B BT SRR

A B BERRLERSIE] ¢, = 50 min,z, = 600 min, i, =
40 min, % W BT A I R B0 A, R AR IR
1 7R,

5 (107 min™) | fE (107 - min)

BB 1 BB 2 B3 BB 1 BB 2 BrBe3

X, 3 2 3 X, 0 25 0
X, 2 0 10 X, 0 25 0
X, 10 2 10 X, 0 2 3
X, 10 2 10 X, 0 0 3
X, 10 2 10

B TTIE R AT A (22) AT 25 To 1245 B
BORRBLIRER 3k 2 s
R2 BMRARTHRBEER

B[]/ min
Ttk
50 600 40
X, 0.000 145 0.001 349 0.001 469
X, 0.000 010 0 0.000 500
X, 0.000 500 0.001 699 0.002 098
X, 0.000 500 0.001 699 0.002 098
X, 0.000 500 0.001 699 0.002 098
X, 0 0.001 499 0
X, 0 0.001 499 0
X, 0 0.001 199 0.001 319
X, 0 0 0.000 120

K3 2 ORI BER BB R A RGBSR D,
D, ,D, PRERDRIFRGAE TR G BORRI AT SERE . &
Gen]EE AR ANIE] 4 TR BRI 2 AT R RE LR 3

0 110 230 350 770 590 690
A1) /min

Kl 4 B PUE TR RS 3 BrBoT e
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i 2] /min 0 30 50 290 650 670 690
i 1 0.999 850  0.999 750  0.998 788 0.997 346 0.996 965  0.996 584

7) PMS-BDD J5 13K fift

K25 W BOSC A B AL A, BDD A&l 5 B
G HEF R AR ST R Xy, < Xy, < X)) <
Xy < Xy < Xy < Xy <Xy < Xy <X X, <Xy
<Xy <Xy < X5 <X <Xy < Xjg <X <Xy <
Xy < Xy <Xy < Xjg < Xy <Xy < Xy, P X,
RBTBE i Y j T,

a) ME1MBDD b) BB 2/ BDD c) B3/ BDD

K5 =6l RE45 B BLR BDD

FIH B BACE S 11 )5 BDD By B4 I 5000 4ok
3 MBI BDD 4 245 BDD, B SeHrEE 1 1%
BDD 5Bt 2 19 BDD A IF - 5B 3 A I, Al
6 i,

a) KB 15 243k# BDD
&6 BrEcG It BDD

b) KB 1,2,343F# BDD

T S8 0 5 SR BT A B AR B IZ I B AN AL
HEAE T AR BN JE R G AL B T SERE

KA RGEAE T W BE 2 BT FERE X ) 2 B B
1 5/ B 2 &IF/ BDD, 1 4 & i &,
X21X12X23X26X28 9X21X12X;3X24X25X26X28 ’X21X12X23X;6
X Xog s Xy X p X0 X0 Xos X3 Xy X o X, 280K j TGARAE
BB i SR mIME R B2 2 JO X I R ROHE SR A
FERFENE R GuAL T M BE 2 M PT S8, A B AT 75 &R
Gei oyt 20 Al S5 E Qi 3 raw, ol WoR A PMS-BDD
TSRS AT B 3 BUE R —30 .

5 4 &

1) ASCEF X Z B B 2 G2 By B AT 45 4G Tk
LA 7 A1) 22 0 T S P X LA S 5 R At 1) L, 4R S
THT ZBURGIR R Z 0 B RGBS Tk,
ZOTIEH X £ B BEARSSAL IG BY B SE AT 24 3K
F1, B PMS-BDD Jy v % A% 8 HE 37 19 7™ 4% BR i LA
FAESE BN J5 i R BetR A B 0 248 il i 2% 10 A
RFFEK THE RN, HIZ 7 A RS oo
() 5t o3 A0 28T A ) A A

2) FFxZ B BAL TS B B TAERHS (2%
B R] TOAE5 B Be AT S BEXE AR IR, A8 3035
JETCIEDT R R, R T SRR A 3RS
TR B Bk A F5 4 o A e T DT A By
BB 118 T S R SRR A ) A

3) EIXFEREEANSG, A BN A5 i ek S
A A I T AR FoA e, B X BR AR
B3t KA, A FH AL P TR A SR R G R il T
BEAERUAE D8N T A

4) BB RAA ST 5 PMS-BDD J5 it
LR BAE T ARSI IER T

AR T AR, R e 2E PMS 45841k, DL &
YeAB R PE AL TAE S T B LAt
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Path Sets Combination Method for Reliability Analysis of
Phased-Mission Systems Based on Cumulative Exposure Model

Hu Qiguo, He Jinyin

(School of Mechanical and Vehicular Engineering, Chongqing Jiaotong University, Chongqing 400074, China )

Abstract; The modeling of phased-mission systems is difficult and the solving process is complex because of the
relevance of the phase tasks and the sharing of components existing in different phases or between phases. To solve
the problem, based on the cumulative exposure model, the path sets combination method of phased-mission systems
is proposed. Aiming at the problem of the cross-stage correlation of components and its different failure rate in each
phase, the cumulative exposure model considering the historical damage of components is used to solve by obtaining
the cumulative damage distribution of each component in each phase. Firstly, a phased-mission systems reliability
model is build by mapping phased-mission system fault trees into a Bayesian network. By traversing the Bayesian
network , the minimal path sets of each phase are obtained. Secondly, the disjoint formulas introduced by variable
elimination method are used to do the disjoint operation of the minimal path sets of each phase and the conditional
probability relations of the common components are used to reduce the minimal path sets scale. Finally, the mini-
mum disjoint path sets of each phase are combined and summed according to the component conditional probability
relation. The path sets combination method of phased-mission systems avoids the large conditional probability table,
large storage and large computation problems caused by the excessive discrete states in the traditional Bayesian
method and the problem that the PMS-BDD method has strict requirements for variable ordering and is difficult to
solve the system reliability with multiple failure distribution types of components. In the end, a phased-mission sys-
tems reliability modeling and solving is carried out for a geosynchronous orbit satellite, and compared with the PMS-

BDD method, which verifies the correctness of the method.
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