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Supply network optimization for spare parts of
equipment based on the life cycle

DONG Xiaoxiong, CHEN Yunxiang, MENG Xiangfet, WANG Lili
(Equipment Management & Safety Engineering College, Air Force Engineering University, Xi’an 710051, China)

Abstract: For the problem of the existing spare parts supply optimization method cannot consider the life cycle, the life cycle was merged into
network design in stakes and it was optimized based on the dynamic characteristics of the spare parts demand. Firstly, the requirement
characteristics of spare parts at different stages of life cycle were deeply analyzed. Secondly, the spare parts supply respond time transfer equation
was built, and the programming model with the optimization goal of maximum support effectiveness throughout life cycle was established under

constraint conditions. Simulation cases indicate that a combination of a variety of spare parts protection model can improve the effectiveness of the

life cycle, and the overall optimization of the life cycle can be implemented with more efficient spare parts supply.
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Fig.1 Network diagram of spare parts for different stages of life cycle



G54 HIRE , 5 B A T R A PRI R 28 Ak T 12 - 129 -
Fx1 Efis# x5 HESH
Tab.1 Basic parameters Tab.5 Time parameters
Gisy =9'4 G 29'8
I IR AR S I = 11, i, a) P B n 30 ¢ (ERTRY &
; G = L] ! S i ]
S ; M n L ¢ 46T 0 31
K B FBERI A K = {1, koo e e 2 7 SE R
N Frtw N BB, N = (1,21 ” Bt n JHH ¢ #5000 R R0 Y K 3]
r, BB BAEA T, = (1,0, | ] USRS
BB n I ¢ 00 B 3
g B B L B ,
T 7t SR P e A RIS ; 2 32k
BB n AHSR IR ¢0 + 1
2 BE 7(5* l:l L+l N N =3
- ®2 BNBH (ree0 FEJZ i VTS i
Tab.2  Ability parameters
- — ot BB n e — AW n+1 BB —
s X o AR 28 3 i TR0
Al BB n JEH o SRR B S5 A BEN RE ) B n JEII ¢ BEJR BN § XA
air -, PRy, F N
B, B n SR 1 7S Eofkf ORI
Bk BB n JALA ¢ SIS A e o I )
3 ERBH
Tab.3 Demand parameters ®6 0-1%8
Tab.6 0 -1 parameters
iR B
(=2 X
D B n SR ¢ SR | A PR
, BB n JE ¢ BRI 0 AP SR X B n S ¢ P b 7
x4 BESY Vi BB n A ¢ (RN & B2 | RISk
Tab.4  Cost parameters Z:jz BBt n JE3A ¢ BERIRT & B CF R BB
pras) Y u; BB n S ¢ I R
Vi BB SRR kO e PR A o OB B BRETSEREL | REEH
T W B n JEHH ¢ SIS A0l (B A %7 RETE
T BB n A ¢ G PR j BT AR Tab. 7 Decision variables
h; BB n I ¢ 0 j B A AP A 5 1=9'4
\ WY B n AR o ARER kB2 AN 0 Xy BrBe n ] ¢ SERLRY & A& 1R
" [ 2 3 i A T B n I ¢ (IR A A0 3 ]
. WYES: o FR ¢ LIRS k B0 Vi BrBe n S ¢ JERERT b BUSLJZ AL i G
! 5238 A Xl BB I ¢ BERERT K FIIEIZ B § 5 G )
) WY n JEIR ¢ BRI R & Zi BB n FA ¢« ERERY & B G s
" B i B RA i BB n JEI0 Ol j BRIZ AL i A
. B n JEIIT ¢ B AS A Fh AL I 7 b u, BrBe n A G AR
Uk]t N LA N Voo
NG j B A i BB n JEII ¢ B2 B 0 BT
p B n JEIH ¢ A0 j BIRE R B4 i
TSR 3 ETAEGRAPNEHHRARLER
BrEL n A o« BALGAF e GRS R o 45 0 301 4551 W B 090 46 14 70 SR A 0
LR AN B A

A, (A5 B B AR AL S M A7 A 5 22 5, B ek



+ 130 -

e AN o 4

55 40 &

FARY B A 5 H Y 28 A8 A Ak 1 ) 1 P [ 342
LA LB BRI, Ny HOAHIDE R R B B sl AL
AR, H AR e& KA 52 B 75 i S 390 P DR B R i A
RO R e de ey , #FA A o
3.1 HIAMERERE

WG BB - R P I B B4 O i 5L 2 PR 1Y)
TR AR B 2, A8 1 DR B J30 A 0 435 4L 1y 7y
A7 AR FIE i A

1) HAR k%L

max obj,, = 2 z (D} —{3,)

(el iel

min Objlz = 2 z (rllrIXIIcL + vllctxlla) +

teT) kek

z 2 z (rllci,[ Yllcil + Ullrilyllcit)

PR IS IR WA H AR R BT R B %
JE L T 2 TR S R S Ay B A DR B Ak i e R (&
1 LR de e, B AP IRAS B A -
max G, = max[ obj, /obj,, ]
2) AFEAE
@ A A4t 7 ey 7 AR [ 5 2 S22 B A Ak
TR

(1)

ﬁ,lﬂﬁa;l,Vk,i,Vte Tl (2>
@ AR Sy AT E
Zy;city/lcil :xllmvlf,vt e T, (3)
el
zYllriryllcit :Dgx_g},lyvi,vte Tl (4)
keK
@ & PFHLNLRE S 2R
xll;tgxllrtA;ct’vk’vte Tl (5)
@) At PG L2 R
X Yi ol =0, Vk,i, ¥Vt e T, (6)
3.2 REmERER

JREERT B R LR R | 3 R J= B A4 il
(A7 A PR OR AR, A P DR B A B 5 (1L D 7
HEF A B IB AT IR RATREINAS 1B Fi A o

1) AbR ek B Ji 22 B B 1 DR B 8% 4 4 K
(AR A sy, 3 P A R

> > (D=8

tely iel

max obj,, =

min Objzz = [ z 2 (rifxit + Uixit) +

teT) keK
2 2 2 2 212 2 2
X 2 Tz vugZy) + 3, D (U, +z50) +

tel, keK iel tely jel

2 Xl + 3 X Y (ry + ) ]

teT) jel teTy jel iel

(7)
[Fi) 24, o R 5P R S S

max G, = max| obj, /0bj,, |
2) AREAT
O A 1AL V7 i 7 Fof ] 6 A2 A S22 B R

Bitsa?t’vk’iavte TZ (8)
@ A sk A AT RSP E
X, = zZiﬂzzﬂ,Vk,Vt e, (9)
el
uft = kZ}{Zijtziﬂ - E;szuffn + ui“_l) ,Vj,VieTl,
(10)
S Ffu =D, - Vi, Ve T, (11)
jel
@ & R IR PEAE A A PEAE A O
u?l =0
{ | (12)
u;Z =0
@ LN RE T AR
xitgleAimvk’vtE T2 (13)
N Zzy +u) ) < UpB, Vi, Vit e T,
fck
(14)
O F PUETE B2 R

Xy s 2 oS U (a =0,V kyj i, YeeT, (15)
3.3 HFaBAHBMRUERELSKE
3.3.1 RABRBHEX T 6 &4 5 &4 B B0

AL A

B8 AL 7 7 BT[] 6 2 B A £ AL 1 i A
Wy, BA S shSYE Gy Bosi Al by X (2) A
JE SR BRI X (8) 43 45 1 A& B B e
;A (]R3, H R 2% 1 A i Jo 10 45 B B =2 [ Y
KR o SET I, 3 0 B B 1 2K i [0 et 4 57 )
AW B L B[], 5 b Al 4 2 5 0 A 4
HER AR, Al 2 BT

WIE B B L 2 B A 5 SR e 1 a5 Ry 5
JOF B, Ve o7 ST ) 6 458 8 A2 £ 7 B[] B i B s ], D)
K (2) "THAL R

o+ Yix <o, Vk,i,VieT,  (16)

Jo S W B R 2 B A8 A SR e e R B T
M Jo; Fsf 0] Ay 3 i BF 1], 2% 2 A 45 1 VL 1Y i
FC I, S E 3 PR 3 = 1 I, KR
SR BY Btk AJSEER B, ¢ > 1 I I SR BN
SR E . W (8) AT db

2 2 2 1,2 1 .. _
Th +ij1l/fj1 = li(tl,l) ~Tu, Vk,j,i,Vt =1

(17)
’th + Zijtlij[ = lz?(t—l,z) +
t-1 t—1
[ (llg(,f],r) - 712;1) HXiz] - Ti(m)
t=1 t'=t
Vk,j,i,Vt e T,;Vt > 1 (18)



54 W WS, 5 5655 3ty R 01 5 (AL o I 24 A4k T ik - 131 -
i 7 J i 7 A
1 2 1 2
- -
‘ > EEIIREEN R
< TR AR > W 5 T 2 Wi 2 2
1 - 3 a—
P ——— >a—> 4 - 4
-2 -t > RERERER
T RAR

-

| o

TE L A PRLE P, 2 A (3607 7 280 3 S22 A7 1 SR IR 8], 3 A 6 P ol S VL 7 006 P o Il , 4 Ay 501 00 P 0 4

J2 B R s R ]

B2 g7 i AU AN ) B B Rz ek Ji)

Fig.2 Spare parts response time for different stage of life cycle
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