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Preventive maintenance optimization for deteriorating large-scale systems
in life-cycle perspective

WANG Rui-qi, CHEN Guang-yu', LIANG Na, WU Jie

(School of Management and Economics, University of Electronic Science and Technology of China, Chengdu 611731,
China)

Abstract: Under the condition of unit degradation, the comprehensive optimization research on the large-scale system
reliability design and the preventive maintenance strategy considering the life-cycle becomes more complicated. For the
case that unit failure obeys Weibull distribution, considering the multi-unit preventive joint maintenance model, the life-
cycle cost optimization model of large-scale system under reliability constraint is constructed. The problem of exponential
growth of combination size caused by the large number of units leads to the difficulty of nonlinear optimization. Genetic
algorithm programming is used to solve the global optimal solution, including the unit reliability in the design stage
and the system preventive maintenance period in the operation stage. Finally, through the analysis of typical examples,
the correctness and effectiveness of the model and algorithm are verified, and the relationship among decision variables
such as the maintenance improvement factor, the unit reliability and the preventive maintenance cycle is explored. The
research results are helpful to simplify the process of reliability and maintainability integrated design optimization for
system engineers and have certain theoretical and application value.
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T X S BUAS R A 5 LCC MR A xR 45
A E S0, R 38 (15) A (1 7) I EE AT SR L1 3R T &
GYAE A ALY

Cw(sys) =N -T-Cw =

T
<N~T~§:JXJUDKH-U+J)+Cﬁ+
=0
Cem - /K] + CB] - fluyw) (t)dt)/
(oS a+n [ fma),  as)
=0

s.t. Rl(TpM) =

exp [N(<TPM + (1 — 173(1 — p)iTpM)m_
(@+@U$pﬂﬂmyv}>Rm
Bnin < 1 < By kb =1,2,..,
T=1,2,..., pNIEEH. (19)

T FEAEME I BRI WE7E Hh, Oner %6231 78 55451
g th ORI A AL R 3 B2 S Bk i T
R, B LR BUAE 2R 0 450 BT 7 . SR AR )
SRR R LA A ALY, 15 B e L e otk () =
8400,k = 9), 5t (Cor(sys) = 100.60 x 10°), HFry
T AT AR B T LT €1 3 e

LCC/10°

X:8400
Y:9
Z:1.006e+08

B3 {REBUEMBRMAMRUER
B3 AR BB T & LR SR 4518, Ui WA S
A 2 [ 3 P T R AZ B B A A D046 20 AT A
3 fry e e G A SR R 3R 4t LCC, i3 45 oS e in sk
3. AR, FA T FE LE 2 SOA (1 18 Ak 2 B T AT
FEVE BRI L A5 R G v M I RROA 2
T, F O = I LCC 45 4L 1 M R GE LCC LA, =19
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FE AT HEEMYEE SR, S AR G LCC i
HE. BT A, A4 73 i il R 9 LCC AL A 25 B AL AL &
GEAENE SRS T AL R SEAE AR A

®3 ERMEE
KH BB wftn  mihk BA/ TG

LCC 3800 4 284.20 x 10°

LCCHA  Cw(sys) 161.70 x 10°
Cp +Cu 122.59 x 106

LCC 8400 9 342.80 x 10°

BBEBUA  Cw (sys) 100.60 x 10°
Cp +Cu 242.20 x 10°

3.3 HIEMERTF p T

N T AT p SR B AR AL 2 A (R,
A P 2 )5 SR AE H BE IR N M 4347

1) pXt Z G ] SEPE I 0.

m My BULA ) SEBRME (m = 3.7, n = 2209), 2%
(7) F01(9) 3K HH LIS B2 T e A R i dd A [ g AR 7R
LAEA RIS N 7 %0, RGATHEE RFE p
BT AFIR (p < 0.7 RGATHEE RACT 25K,
HERp > 0. THIZER).

x4 TEYEERTFHRFAEEERIL

p Tpy =k X D LCC/(10° 7p) R
0.7 300 269.84 0.9082
0.8 300 269.91 0.9430
0.9 300 269.97 0.9627

HHER 4 0] UL, 945 58 m Al B2 4F T, BEAE p 3400,
Al G 1 k R FFAAR, KRG LCC AN FR 8, RG] 5
PEBE p 1 16 38 BH 2 189 0, 35X % B9 s 4E A2 2 R 1 AT
DL R4 i 2 458 0] SE 17K

2) pXFLCC KI5,

BT BSOS R [ E BT TR S Hom
= 3T K pE LR IE G ES RR
4 73 Ji AR LCC AE AR A 25 2R v i A A, 40 ] 4
Fros. B4, RS LCC B8 Kk B 3G 022 I H 5 34 ik
450
400
350 b
0. .
250F v
200 }
150

LCC/(10°7T)

2 3 4 5 6 7 8 9

4 pXTLCCHIEZNT

Ja 16 G I . kAR I, LCC 5 p S G, B 4
AN TR 5 TR ORI AR, R ST R 5. FE AR
[ AT SR P A ZER N, B p (363, UG5 ) & G2 181
n,n SR BRI

x5 TEREERFHRGELCCERINLL

n LCC
P Tpm =k X D .
(shot) (10° 75)
0.3 300 6600 403.8
0.5 300 4000 326.1
0.7 400 3800 284.2
0.9 400 2900 256.7

25 b AE B ERAT R, B p SRS
AR/, i R LCC B AR AT b £5 p AR 264 R, B
p R FETE RGP AEE, RN TPM M LCC A2 {b %

W EI TR A R R T R g e

PEXT p A7 B AIREDR, M LCC I SRS 4L
34 UBSHBIXARD

KH AR F T AR T, %M 78 p 0.3+ 0.5 F10.9 [
15T, 3R A5ttt e o i &8 S il n/k R, i S B
7N, AT PUR B FEMI R p 26 2F AL S 5l 2 I

AFAE HIRFAIE.
2.4
a p=1.0
o . « p=0.9
a Api0.7
S 187 P
~
<
\&\ 1.2} X ox ok x> x X
0.6 B 5 B & & & & & &
0 2 4 6 8 10 12
ES5 AIEMEKRAOIFNSHELETK

[F) 28, K 3 e v] SE M EEORAE 12 = 21 0.95, R AL 45
R 6 Fros. XFEC o Hr B 5 AT E 6, RG] g EE R
{ELER 1, /b BOK, FR I 38 IEAH G, R YE1Z 68 71
=, n/k /N, R R R AEE RE 1S TR PR 4R
TEFHR.

26} o o

o p=1.0
= p=0.9
2.2t L p=0.7
mo X[I:OAS
T 1.8¢ ap=03
= L T
E\l.4-
R D
0.6 . . . . .
0 2 4 6 8 10 12

6 FIEMERA0.9SHTSHLETIL
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25 b,n/k S LCCRALI 24N KB S 40, RAE
TCEGEYE L AT EE M AN GEAE Y U AH B OC R, P T
BS RGa0F arid AE ] SE BT A4 SRS 1 B
FR RS 7] 7L
4 & @

R T R AR TSR B 2 BT B 4RI 1
AT EEME LR T KRR 2 Gt 4 75 i o ) R AR AR A A
38 I G 5 A R a8 AR VR RR T, AR TR 1 4 2
JE BB T T R ) 4 R e I AR I L Y g
HEARS R AN BTV A 250, B A M S R % R e mT
SEMERI LCC W g2, FEER T 25 6 S HURAE. BAR S 18
wiR:

1) M4 75 iy ot 2 AR A 508 AL R i 4k 5
WS AR T LA Y R4S AR A 5

2) B3 IR 2 52 LCC 1) R B 2 40, Ak 1 72
W RG] FE PRI A S (AR ) K

3) A S E LA AR AR R 4EAE KPR B AR e,
F T ] SEVEAR AL, T DA% P AR oo TR M 4 1 R T,
tHHELRIIE RS LCC e fh.

FIRBH R AT H TR S RS AR AE & %
JE AR SRR, Ao m] SE MR L T A SRR 1 5T 2 R
e 2, R BT 1 A e SR B, AR KOS R 4 T
SEME TARACARHIT 78 77 T B — e B AR FHANE
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