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Integrated analysis model for reliability growth test
evaluation of complex system

LIU Qi, WU Xiao-yue

(College of Information Systems and Management, National University of Denfense Technology, Changsha 410073, China)

Abstract Since some equipment system has complex configuration, existing reliability growth model
can not complete its reliability growth plan and test evaluation. In this paper, the reliability growth
integrated plan method was studied. Though subsystem reliability growth plan, the system reliability
growth requirement was accomplished. The reliability growth integrated evaluation model was built to
fusion subsystems reliability growth information. Finally, the system reliability growth test method was
given. By the test method, the validity of integrated model can be demonstrated.
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PGP RA— AT MR AL AR, X RGEAT SRR K SRR B A T IS B %
T RE A AR AR BRITTE, RIEXT RS AT MML JA# TRk, TEERL B, 4
H RG] AR R BRI T, SERO AR AT AR R MR IE B PER GBS, LA AT SR R
BIHAT T BT

2 AEMHERIVEAAEIEA

A FEPEHE R AR & 7E T SRR R IR 2 BT AT SR G R By T+ R S AU, 7™ A B iy B B2 AR
4. BUA AT SR R0 R Bk Iy BEARRE K i R 2] i IR RIAE OL A, WIS e i S AR th
£538 LA Duane 8RB N HREIEFTHY, MELL X MUE Ze R GE TSR K . A KT, NI X T S
KA BB AR TR,

RS REAMT T, B EIERE MR RSE ), HAFIRTRAEZ R ARG,
MRS EMAERARR. RERERS S HTRY Si A, S TREWIEMEN R, B i=1,2,---,n. N
REVRME R WA TFRA AR, W

R=g (R, Ra, -+, Rp) (1)

Kt 5, 247 g W SR AR AR N BB AR, R = [, Ry, 24 ] SR HE ERLA N AR ALRT, R =
1—TI0, (1= Ry). Kflth, mIAHFRR. &0y, MESRETEENTAEAR . BPRE MFERE
KRBT, TR G T RE G IHE N BRI F REH T RIES T

R AR A BT REMWILE AT H AR AT SRR BEK, iR+ R AW v g R I8 1T
AIFEMEAIL, ARHE P R BUR 25 R B & F R AR P R R AR PR RG] S R A A 45 R,
PISC (1) EEl, SER RS TT SR . B SR T

1) BRG] RS AT HE R, B (1) MR RIZTER;

2) BB PR B G FT R B AR P REMEEDK;

3) #ATAI M. 588 T RO E RR T EEME0R, 12 AR SEE Be J7 Vok R T SEd e
RAFLENETRA,

4) IRIBRE T RGN R LA H W T SR A A

5) WKIET ARG IR ARRL, $H T R T SR AR

6) MIE (1) XFRAE T EEE KNG R ER, BB RS ] R .

Bl 1 FERLG S fFRS S1. S2, S3 BERAM, REWESHIEN to=3.8 /N, BEKIRT 4 IRFEIR
BRI RN 0.85. FRYE ST ARXT HLERLE, BERIE 1/, HAIGRAT MR 0.99. FRSE S2 M mAk AHE%L
A0, HAT SIS R T A Duane BIRIRER, HAIMHES TS 0.6, S2 AT FEPEHE KL FR B H] 24 1000
/NE, B —IREE TRCREZ IE R B R 100 /NEE. T RS0 S3 (WA SIS AR T A Gompertz BIRIAR, #liE
17 12 ANAYT (B 100 /Met) By, BRI T AT SRR .

X BRI, B/ NS IR T AT SRS, FIASFE A S KA L, TR %t S1. S2. S3 [Tl
FEHEEDRA A 0.99, 0.9266, 0.9266. FTLL S1 BRI M CIREIZLR, AAME T EEE KRR, T S2,
Duane 5751 4:

0c(t) =t"/a (2)
Her, 0. () HFT AR ¢ 25 2 MTBF, o JRESH, m KR

ghe FIREEE, MTF RS S2 T R MR, B RSB R T2 1
HETZ] t7=100 /NEF, W)t MTBF 25 0; = —3.8/log (0.6) =7.4389, HKARIGHHE] A t7 = 1000 /i, HAR
MTBF ¥ 0 = —3.8/log (0.9266) =49.8470.
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; : 9 0 0.5
me~—1—1In(-£ + 1+1In £ +2In r = 0.5330.
tr tr 01

FRYE LR, X TAE55HE] to=3.8, W15 AT SR K AU HEAR i 2 oy (81
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exp (—3.8/7.4389) , 0 <t < 100,
Ry (t) = —3.8 % 0.4670
cr 100.
P (7.4389 x (t/100)0'533°> e
LR, ¢ TR KRB ] (B R/ NA).
XFFFRE S3, Gompertz T FEAIGKALRLY: |
Rs3 (T) = ab® (3)

Ho i FoR il A RIARA A, i = 1,2,
X TRSE S3, BRI IRIIIRIR y 0.99, KA1

a=099, b=0.5859, c=0.8402.
T SRS g FHAR AR
Rs (i) = 0.99 x 0.5859%-8402  j —1 2 ... 12.

£, i TR RS E T (B2 100 /INE).
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3 TEMHEKE MML 7%
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TR/ RG W RES T, @ RER T REERRE D, MFRESWFTEERREZ, HitE
RYGE A BT & AR T ERKRRURETT 1 MML (Modification of the maximum likelihood)
AT ARG AT ES BT SR, 7E LR LARR T KRB . FRXF K MML JriE# T4

WRIRZRSTE AT K R E] T, £ FREWTTENN R (T), et i=1,2,---,n, MHT]

FEMELEMIBREL (1), WARRYE S 1L T WA A oA
R(T)=g (R (T),R2(T), -, Rn (T))

(4)

£, R (T) LB S FREM TS RO AT X (4) IOVE T 7RG AR RS
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ST, T RS AR K BRI, RAB AT AEHER K AT BRI PR T R Tt R (T) Al
it B (T) Beffiititgirss D (Ro(T)). Bt (4) SRk, BVFTAEEIRSUERHKIRIIMA] T A4 R (T) #9f
V5%, AR
¥ R (T) RS (4), 11 R(T) Bfiiit:
R(T) = g (f (T), B (T) -+, R (T)) (5)
H R (T) AERAE R (T) 4b3#AT Taylor J&IF, Hift—LiH5E, 15 1.

R(T)~R(T)+Y <§§ (?)) (RZ- - Ri) (6)
=1 Ri=R;
n a 2
p(Rm) =3 <§§(<?>>R,:R, D (A1) )
PIZC (5). (7) SAZEA, BIAI18H R AT AR B AT s R it 2] T B4t 11 DA B AR T 7 2R,

Bl 2 LA 1 hEe, BAETRE A REAERIRAET, RS S2 FENREEIRNER 1 iR, iR
9t 83 MR A FEMSE KR BRI 2 B,

& 1 FRS S2 W EMEREE

R A B C D E F G
1 3 100 4.6052 33.3333 3.5066 3/100 0.0269
2 6 200 5.2983 33.3333 3.5066 3/100 0.0243
3 13 500 6.2146 38.4615 3.6497 7/300 0.0212
4 18 800 6.6846 44.4444 3.7942 5/300 0.0198
5 22 1000 6.9078 45.4545 3.8167 4/200 0.0192

A IR T RBUREEL N (t;), B FIN T HA A IR ¢, C FIRTYT Int;, D FURRN T HillEdnike
BB MTBF 943t 0. (¢;), E SIMNT In 6. (t;), F SUR T BRI BURLSEIR B JBCRAIE T A, G FURRT
R (8) IR BRI A,

&K 2 FH4% S3 MTEMEREE

JFE 7 WFIEE] R; R; R, - R,
1 1 0 0.58 0.5768 0.0032
2 1 1 0.64 0.6410 —0.0010
3 1 2 0.70 0.6973 0.0027
4 1 3 0.74 0.7457 —0.0057
5 2 4 0.79 0.7867 0.0033
6 2 5 0.82 0.8211 —0.0011
7 2 6 0.85 0.8495 0.0005
8 2 7 0.87 0.8729 —0.0029
9 3 8 0.89 0.8920 —0.0020
10 3 9 0.91 0.9075 0.0025
11 3 10 0.92 0.9201 —0.0001
12 3 11 0.93 0.9303 —0.0003
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A
XtF S2, {1 Duane *%ﬁéﬂﬁﬂid\_%{fﬁfr 1] _H% m. a Eﬁr/J\~ﬁ1§1+év\%ﬂﬁ

5 % Eln@ (tj)Int; — Zln@ (t;) > Int;
= —1— = S —0.1468;

5 5
x> (lntj)2 — <¥ lntj>

j=1




4 830 XUET, 4 IR ARG P B SR T AR 1481

5 5
1
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W ik a, m WA TR, BITTS AL EIZ ¢ BRR A (1) it 0
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A TAEAESS A 3.8 /MR RGRT W FEERN Ro = exp (—3.80), BrEARINH Ro ARMITRINEA 1o r, =
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1
E (Rp) = exp (uln Ry T §o—fn Rz) =0.9297,

D (Ry) = exp (2ptn ry + 0l g, ) % (exp (0fn g, ) — 1) = 2.3764 x 1074,
MRS S3, B Gompertz BIEIRAER Virene Bk 1) A]75:
4
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j=1 j=5 j=9
(S5 — S\ (1 Sa—S\\ L (Sa—S) (-1
¢ = <52—51) = 0.7975; a = exp <4 <S1+ T >) 0.9714,bexp< (1_é4)2 = 0.5938.

BRI RY 3, TR B @A 0% = 3 (B - Ry) /12-2) =821 % 10",

i=1
RKARILERIT, T-RY S3 MTTREEM M Rs = 0.9714 x 0.5938°7975 = 0.9385.
Iz (5) ABMKIRBLETRE, RAAHEENMEIT R R (T) = 0.99 x 0.9297 x 0.9385 = 0.8637.
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Ho: R JRNIEZSSHT N (R (T),D (R (T))); Hy: R RIRMNESST N (R (T),D (R (T)))
KN T W 1R B o s TR
B UR B s, 5B H R0 HME R B9f5TT Ry, BT A
1) # R = R(T) = [D (R(T)) B Ry < R(T)+ur_apay[D (R(T)), WikH Ho L. BIHA
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2) % Ry < R(T) = wy_aa 1| D (R (T)), B Ry > R(T) +ui_ajs (/D (R (T)) MRSy Ho AL

B Ul BT T ARG I Ay MML AR T, 528w B A] SR Iy MML ARRLE TR

UARREESZ Ho B, DT MML ZES7H Al SRR AR S RE S B 2R S FL S8 AT SRR AR AR IO,
] RERE T DA A 1 Y

1) TE] SEAERE R L, R R SRR AL, HH AU (1) Prsiy KRG SRR AL SRt
X A SRR E AT A T A, AR BN T RARZ MEGAME KR, BESKERPFIE. R
HBLX MBI, MIFTRR (1) FEATBIE, B2 ABIERIIR RSB R Al SRR £

2) KRG EAEAR R X B T RGN T AR OB RS P E A S B, T SRR
L AT AR K p A S B A SE . P TR ST S PR, S S R BUPIRER IR, Brbh, TE AT SE1EAE
FIFRAIERRR A T, T B RAR AT, AR ETHEN S HMEER, B TR T iR, SEanl

TEW] 2, WA R E K 1 —a = 0.8, JU:

R(T) = t1_aja /D (R (T)) = 0.8425;  R(T)+ty_a2 (/D (R (T)) — 0.8849.

FIrbh, 5 RG] SRR p PPAA 45 R AL T IX 1] [0.8425,0.8849], M43 Ho; SNIAREREZ Ho, BIHIT-
ARG RS A5 SN REMERR LM R GEHY T AR IR0, FREEXT (4) AT B IE.
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2) HESLT FTEEAERE R PG AR AR, DL MML J73R A, 45 T T ARG RS S R RS AT 5E
PR AR B R HITH R, SR I T AT BT A

3) SR T RG] MR R TE. R T RS SR S R G A AR B SERR AR OL, R
ARG A R R R T T TR
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