Journal of System Simulation

Volume 32 | Issue 3 Article 19

3-25-2020

Model of Initial Spare Parts Configuration and Ordering Policy
Optimization Based on Inventory State

Songshi Shao

1. College of Naval Architecture and Ocean Engineering, Naval University of Engineering, Wuhan 430033,
China;

Minzhi Ruan

1. College of Naval Architecture and Ocean Engineering, Naval University of Engineering, Wuhan 430033,
China;

Zhihua Zhang

1. College of Naval Architecture and Ocean Engineering, Naval University of Engineering, Wuhan 430033,
China;

Follow this and additional works at: https://dc-china-simulation.researchcommons.org/journal

Cf Part of the Artificial Intelligence and Robotics Commons, Computer Engineering Commons, Numerical
Analysis and Scientific Computing Commons, Operations Research, Systems Engineering and Industrial
Engineering Commons, and the Systems Science Commons

This Paper is brought to you for free and open access by Journal of System Simulation. It has been accepted for
inclusion in Journal of System Simulation by an authorized editor of Journal of System Simulation.


https://dc-china-simulation.researchcommons.org/journal
https://dc-china-simulation.researchcommons.org/journal/vol32
https://dc-china-simulation.researchcommons.org/journal/vol32/iss3
https://dc-china-simulation.researchcommons.org/journal/vol32/iss3/19
https://dc-china-simulation.researchcommons.org/journal?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol32%2Fiss3%2F19&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/143?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol32%2Fiss3%2F19&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/258?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol32%2Fiss3%2F19&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/147?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol32%2Fiss3%2F19&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/147?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol32%2Fiss3%2F19&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/305?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol32%2Fiss3%2F19&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/305?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol32%2Fiss3%2F19&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/1435?utm_source=dc-china-simulation.researchcommons.org%2Fjournal%2Fvol32%2Fiss3%2F19&utm_medium=PDF&utm_campaign=PDFCoverPages

Model of Initial Spare Parts Configuration and Ordering Policy Optimization
Based on Inventory State

Abstract

Abstract: Rational planning of spare parts configuration project is an effective approach to improve the
equipment availability and reduce the life cycle cost (LCC). First of all, the spare parts demand rate
forecast model is constructed. According to the systemic analysis method, the spare parts support
effectiveness evaluation targets system is built, and then, the initial spare parts configuration
optimization method is researched. Aim to the consumption for partial repairable spare parts, the
expected backorders function of the approximate Laplace demand distribution is given. Combining the
(s-1, s) and (R, Q) inventory policy, the ordering model is established under the batch ordering policy
based on inventory state. In a given example, the spares optimization under the constraint targets of
support effectiveness is calculated, and its result is consistent with the practice regulation. The model's
correctness, method's validity and the optimization project's rationality are proved.

Keywords
inventory state, initial configuration, ordering optimization, support effectiveness evaluation, spares

Recommended Citation
Shao Songshi, Ruan Minzhi, Zhang Zhihua. Model of Initial Spare Parts Configuration and Ordering Policy
Optimization Based on Inventory State[J]. Journal of System Simulation, 2020, 32(3): 509-517.

This paper is available in Journal of System Simulation: https://dc-china-simulation.researchcommons.org/journal/
vol32/iss3/19


https://dc-china-simulation.researchcommons.org/journal/vol32/iss3/19
https://dc-china-simulation.researchcommons.org/journal/vol32/iss3/19

Shao et al.: Model of Initial Spare Parts Configuration and Ordering Policy Op

H32 55 3 4 RGN HFERO Vol. 32 No. 3

2020 453 A Journal of System Simulation Mar., 2020

T ARSI & AT da Be B SRR Y

", mER, ki
G TR S iEresAbe, a5 430033)

WE: SRS E 5 AR GEET A EAEARSF TR A 2ERE, 1 &4F REM
MAER, KA R AT EME SRR ARG IR R, AR E R BRI T %, AR
GG A IRIE AR R, 2ty T L MF2 I I E KA T o9 &-1HAZ 853, (-1, s)F7 (R, Q)
R L, KT FEGARESHEREXE = T RZL DM E 57T mEE., B LB LR, 4
TR AL R T a9t R, HhAbs: RAF A FIRAAE, IE TAEAR ) EA M. T ik 69 SO LA

B EM SN,
KB EARE;, HEE; KRR, REZAGTE; &0
hE RS V2157 SCHRAR S A LESHS: 1004-731X (2020) 03-0509-09

DOI: 10.16182/j.issn1004731x.joss.18-0266

Model of Initial Spare Parts Configuration and Ordering Policy Optimization
Based on Inventory State

Shao Songshi*, Ruan Minzhi, Zhang Zhihua

(1. College of Naval Architecture and Ocean Engineering, Naval University of Engineering, Wuhan 430033, China)

Abstract: Rational planning of spare parts configuration project is an effective approach to improve the
equipment availability and reduce the life cycle cost (LCC). First of all, the spare parts demand rate
forecast model is constructed. According to the systemic analysis method, the spare parts support
effectiveness evaluation targets system is built, and then, the initial spare parts configuration optimization
method is researched. Aim to the consumption for partial repairable spare parts, the expected backorders
function of the approximate Laplace demand distribution is given. Combining the (s—1, s) and (R, Q)
inventory policy, the ordering model is established under the batch ordering policy based on inventory
state. In a given example, the spares optimization under the constraint targets of support effectiveness is
calculated, and its result is consistent with the practice regulation. The model’s correctness, method’s
validity and the optimization project’s rationality are proved.
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Fig. 1 Process of spares maintenance and supply

H 2 4 OB AR Z A T 401, LRU Wb e
JEI) SRU k=4, B4l SRU, 58/ LRU
BB, #7k/D> SRU A4, WA SRU i
J LRU HE& i a] ) 4835 o e B0 SRU 76 4% 27 A
bl s B — @ MM, M58 LRU g
FRNGS, — IR AT LB AT LA T

VE R DR B 28 PR (R T 25k o, BEh ) — M R
A IRGRIE S BE ST, BB AT ] i s 4 4% (1 15 B
AR ARTESERR, A RZH TR AE
(A FH iy, I HLILE e AR S Bl A b A& BT
SRR, DR, W TR R A e 1)
RIER . A AR IR FE, M2 T BRI 2
BT AFFEAPIRAS, AN L 7 AT R . th T
LG T L BE VA I A I A Ak B R 35
K, [FIN % RERNT e s sk ot , ik, mahEses
SR VT T S

http: // www.china-simulation.com
*510¢

https://dc-china-simulation.researchcommons.org/journal/vol32/iss3/19
DOI: 10.16182/j.issn1004731x.joss.18-0266



Shao et al.: Model of Initial Spare Parts Configuration and Ordering Policy Op

932 55 3
2020 4F 3 H

2 HAFTRERA
2.1 EHFERBRWE R

FERE A AT T, R e 4EAe J5 5, BEi,
FATTORR A TR R, BRI E R
RIPCAR IR B E A NI o SN 5 P SRR R 3
N B RREMEACOT . BERAT SR B AT
YEBRET) . RGALREH L Beae v 1 DLLL b P it
RG22 1 25 T 3P SR (R M D 3%
PRPNAINYEBICE S @

Rl AT R PR 28 S IR N Y 24
Tab. 1 Influencing factors for spare parts’ demand rate and

its corresponding model parameters

S XS A
Rl TARHACE A M A MITBF,
OB S RIP,
RIS RTINS RIOK
W AHE SR 1-NRTS,,
\ LI Ll
FEIETIL e meei Le DG,
o T RGP 0 0228 Indents)
ARARER i scsiyse i 7
BB e (A A L N,
TRIER R N IR 2 N
R RECER AR M

REEEERI I R Unit(m) Echelon(n)

2.2 BT REIHER

Wm=1,2, ..., M ALREEES S, j=1,2, ..., J
M H i o AR BN R, &k A
S 1 m AT TR Ay T 23N 25 m BT AR B
(0F — 253k 15 11 € Unit(m)) JCEEN i1 j 3647
BRI R o2k 5 m s R
(1€ AubG))IATHEAE I, ST j TR RIS %
(GRS iR = S VSN

Aw = 2, Aj-NRTS, +

1eUnit(m)

Y. (= NRTS,))q,,; (1)
le Aub(j)

e NRTS,,; Kyl m JoiEX bt j #4718 5
(RIEEA s g WS R 12 56

ZARAtE, A% ST AR % AE BT AA G B ARG A i 7

Vol. 32 No. 3
Mar., 2020

A AE I 1) LRU AE 2885 3K 28 A,y AT AR 4 2k
HMECE R RGLEH RS 5 e
_365-DC;(1-RIP))-HW,, -Z,-N,,

7-MTBF;(1- RtOK ;)

m € Echelon(N), j e Inden(l) 2)
X DC A2ty RIP R IR et HW,, A
B P TAERITI N 2 0 L84 N,
AR BCE T MTBE; AT j 1R 350 g [ o o
i) RIOK; Jy T SEUF 55 gy o WBE B B9 5
Echelon(N)Z& /538251 I3y s Inden(1) 3R 73358 25
R LRU.

3 AAsFECEART

P00 & AEFRAE R 25 T IR T P46 O o I
[N, e ] S UEB T (0 & 1 o AR & AF AL
PR ER, R I, %07 75 B AR5 b s 1
SE A AF IR AL, 5 e 2 o5 5 R [ 28
ASATEBIN, BIAIAG 2 A P )

3.1 HIIAE T RIRFEBEVEAL FR AR

ORBERLBEVE Al AR b, S B e 7 AL R
(RrbrifE . ZCRETEAR T B FRRE R T L . A F Rk
o B JENSERIN )5 . S F Rk
AN N A R AT R, I B(XTs), X

BRI s FOR&IEEAP R, N

(X_S)9X>S
B(X|5)= z
0’ X<y

mj

G)

S R R AT I 0 1 R AR B B 1T
B, MR ST 525, Wl EBO:
EBO=p(X=s+)+-+k-p(X=5+k)=

X;ﬂ (X —s)p(X =x) (4)

Lot m (05 T P O EBO,,,

X =Smj+1

)

A s, BT m AR B POG,) W R
PRI ORS00 45 P A (150 1949

http: // www.china-simulation.com

* 511

Published by Journal of System Simulation, 2020



Journal of System Simulation, Vol. 32 [2020], Iss. 3, Art. 19

$ 3255 3 M
2020 4F 3 H

e, B Var(X,, JE[X,)=1 W, p(X,,) ISR T
B s 315 G W v B ) (7 = O B
82312 o0 Nl O P /17 7 R = 8

e A AT AT FH B A S ke a5 e A I IR) L AN R
VEI TRIARSC I — Rl I S50 AR 0 A 1
A3 R AT FH AT FH B (A) AR T (A R 5 [
AR HEA) . X TR, RosAE I E]
Pl TAERHRBT 5 RO Ll b TARRER 4, oK
Wb T 5E L RAS B4 B0 B R LA

A = MTBF/(MTBF + MTTR + MLDT)x100% (6)

A, = MTBF/(MTBF + MLDT)x100% (7)

A, = MTBF|(MTBF + MTTR) x100% (®)
s MTBF VYRRl Bg I (8] MTTR 3°F-3)
YeABFRGINT1A] s MLDT Jy~F- ¥ PR B e ) 18] o A H]
MR 4, Bnl o Ett, w20l 4, A
A MFRIB R, B

X =ﬁx100% )

TEARAT AL SRS T, A ALY ] F RE o 138
Herpot LRU RSk E RN, 0T HR G 1) R 4,
FEAT—A LRU H I ARSI B R S AL, WA
FHIy 3 55 m (R A A P 24

Am= T[] 0-EBO, )WN,Z)"  (10)

Jj€Inden(l)
AT L IR I TR N, F5 AT I A
BRAAT RIS, ZIRbR e S &R R e S
B, W FAIRA AT I AL R TR IR A -

Smj -1

EFij :P(ij <Smj_l): z p(ij) (11)
X, =0

RGP EZE EFR, N -
EFR,= Y A,EFR, / > A4, (12

Jjelnden(1l) jelnden(l)

AT HENETRIN (], Fi5 DX R IRAF 2611 110 3 e
F UEAB SE R AR I 0] o BLIGUR A1 (R SEE R I ] J3E 15
00 AERE RN TR) Py 2P S0 3 R B P 24 7 5K
LW RGRIRBEIE LRI ) Td, W] & 508 F
PRI BRI I A - B

ARG HAR

Journal of System Simulation

Vol. 32 No. 3
Mar., 2020

Td,= Y EBO,, / D Ay (13)

je€lnden(1) je€lnden(1)

3.2 BN A e

HP A BN R B, 2 3 M —
SRR R By R HI YRS P e R, =
AP T A . AR SCHR10) /4 ie, 7T
DA 336 1 44 A (107 e B PR 40480 -

E[X,,;1= 4,;(1= NRTS,)T,,; + A,,NRTS, .0, +

mj ] mj mj mj " mj

S EBOsyp(my.j + z i - EBO,,.  (14)
keSub(j)

|

Kt T, AR j IEEE R O, A&
(RN I IE N [B] 5,y k5038 R0 (1% 1 T A6
LCASI s Aryguc R AEAE SRR 1T 7 A8 23 24 ke 1 7
KL SUP(m)R R m m [0 E AR R
Sub(j)FoR j IS« EBO Foon &A1 5
B R (14), WA B R R AT
WZEN:

VarX,,1= 4,,(1- NRTS,

mj

2
Sy U= o VEBOsupy ; + FoiVBOsup(my.; +

Y. BiVBOy+ D hy(l=hy, )EBO,,  (15)
keSub(j) keSub(j)

3.3 VIshEFRIBCEMAL T

WA RC BT 2 DA SN « 75 LR AUEFT AR
JE I RGEALBETR PR T I T, AR PRI R N 2%
PRI o FH A%, R
min ZZstmj
T m
st. A=4, EFR=EFR, Td<Td,
AR A B FAE R AT AL, 1% 051
e R E AR A LA, S o 5 I Ak Bk
ATAUAT, 35 B R (A BRA Y, IR g
WA T HATIRINIEA, E 22 HARE 1k, 1E
RS HIAA R b, SR AL H AR A 2 24 i
I LR HE P AR . BRI EEACD RN
step 1: WIIHWALILE S, £ 5,~0;
step 2: X RGAAEREAT VAL, THEER 1Y)

)T,,; + 2, NRTS,;0,,; +

mj~mj

(16)

http: // www.china-simulation.com
* 512

https://dc-china-simulation.researchcommons.org/journal/vol32/iss3/19
DOI: 10.16182/j.issn1004731x.joss.18-0266



Shao et al.: Model of Initial Spare Parts Configuration and Ordering Policy Op

932 55 3
2020 4F 3 H

AT FHBE Ao« 54400 2 28 EFR o {555 ZE 15 INF 7] Tdys
step 3: HEANSLVEIGIRIEAC, BB —#%ACH,
THELARBEAA R N BEAN BEAT 0l AP I A I 4% 1 1 3

SRR S(smy)s LTI
Pm‘(sm' +1)_Pm(Sm)
5m/(smj): . . C . ”

J

step 4:  LLEBEIN 6, (s ELIRI R/, BATIAE 4
g oy R ORI H e KA B .
{5 max(3,,) X N7 (K138 55 m FA AT H 5 10 I
1, HERREAZE;

step S5 FIWT T R G RLAE S A 2 e 1
fabR, WAL, WHIEARLR, 3308 m ittt E
JTEEs 0, N step 3 hBLEMN, HARW LT,

4 AEEBREKRET S

4.1 IR E R T AR ER A

i Ly Y (BT A ST (LT S R0 ) P 6 1
SRR M, — B IERS MR AL, th T
ROR ERTTE O MAREER L, T A
MRk AR A BERf ST R A1 O B AR Mh v, v
Rty S5 e X TIHRERBUR MBS AF, Ry il B 30
i SRR T A AR, Wik 2 B e

(17)

0.50
0.45}
0.40}
035}

£ 030}

g 025}

& 0.20f
0.15}
0.10}

——Normal distribution
—e—Laplace distribution

L L L L L L L 3
-2 -1 0 1 2 3 4 5 6 7 8
Demand rate
2 FAFIERT RS B R T K A
Fig. 2 Normal distribution and Laplace distribution for spare
part demand rate

WEORUESS RAE L, ST LUME O 55 R A AT,
AT SRR AR ] o AN e B RATFAET W IE BRI

ZARAtE, A% ST AR % AE BT AA G B ARG A i 7

Vol. 32 No. 3
Mar., 2020

(] A 05 7 T AR A0 AT -

_«/E‘xoj ~E[Dy; ]

p(x,)=(2/200)e (18)
AH: o WAL R oo b DB b 2+
E[Do A RS IT R AR 0 M fRhi R i)
TH 23 4

AT j 7E TR SRR doy» £
SRRk TDATT R R B A F I i) i)
W, INFRUTIGGE I ). (B TR 7 10 4R 78
J ORI 5 39 P9 £ A5 SR A

E[Dy;1=4y; dy; - TD; (19)

e Aoy by T AR 3l 5 1) 4 PR AT T 2 7 SR 2

BT PEAF 224 RBON ko WIATIE L Ry M
Ry; =ky;04; + E[ D]

A bREZE oo BLE MBI KIME E[Dy1h C

WZH, HENGE ko W] LA BV AT I A Rojo

B SN A, & APEAPRSAL T Ry M

Rort Qo) Z 1), AT RIBR AU MEAR 53 A5 vl 7R N

(20)

P(BO,; =y) =

1 R+ 1 L
E;&;WﬁQ/e 4L 1)
B W S AR -
EM%=K%M“%=”@=

O-gj e—\/ikoj(l—e’ﬁQO//UO/) (22)

40,;
4.2 BT RIK AR 7%
TR AL AR R AT, e ST
WA A5 R B Q4 IR 4F IR A7 B L3R AN T
W2 F AR, BTN VT AR AL AR Sy -
i 200
0
céj[(QOj +l)/2+R0j _E[DOj]+EBOOj]
s.t. EBO,; gBO_j’ Oy, =1, Ry, =-1

Kb Qo WEAFITMR; o, W&

(23)

http: // www.china-simulation.com

Published by Journal of System Simulation, 2020

* 513



Journal of System Simulation, Vol. 32 [2020], Iss. 3, Art. 19

$ 3255 3 M
2020 4F 3 H

B By &M REIE R . B AR TR
A, #57 Lagrange BREL, 20 5%S Ry A1 Qg KA

T, AHEET 0, -

0, %y, 28, %0,40; 20 4)
Y2 Co; 2
. O 40, .B, .

Ry =——% b, es)

2 na@(r—é“i%ﬁ%f)
TERARAIIIRICE 75 s 1, S FI A Bt
Jj EBOW(S)e JBIEAMMT A4, 1E4 IR B3k
P Rl R R AR R AL s PIRIE
T RE T 7 A2 B SRE ) A/ PS04 SR A i 45 2803
Ao R, AR RSB AR By i EEAT 70
IIECTTVER -
By; = EBO,,(s") 5]
E[Dy; 1+ 24y ;(1—dy )Ty,
s Toy AHEPERF BRI TR AR 2471
iR, 7% &b AT e B, BLAGE
TER T e (9 — G DR B il s EAT A o 1 %A K

=,

(26)

. O 40, .B. .
Ry, =—In o, B,

E[D,,
V2 oﬁ(l—eﬂﬁ%”hw)+ ool
J

Zo,(0=dy )Ty, = >, 4 -NRTS,;-O; (27

1€Unit(0)

5 ZRpHINHA

PSR el v e A, i B EAE 4
AR AL 5000 1, 2, 3, 40 #&AFT
M EAE I 5 e, T EL MRAE 2L, R
ACEAEHS R, AR AR EAY, L
A8 PR AN T A 2 5% i o 4 42 75 SR o I
ARG, SR AN . B A
M5 HAE, Hb 2 HHE AT & AR, 17
HNERPTEAT RIS ARIER G- VA

(1) T BRI A GHTR, Wk 2 P, =
LR A G KT H . T EE LR AR
(MTBF). FANLEAH At SRR L& AT

ARG HAR

Journal of System Simulation

Vol. 32 No. 3
Mar., 2020

LAY, B B AP ORE R G R 3 iR 2 N T S
TCe ZWAILH A 100 200, B TRIEAHR, A&
SCRB TIZARGE P IR %o Forbe ALl
ARG BRI HENLAL:, e R i A D i
BAFAE DR HL, BBAh, BCRARZ — D4
Ag, BRI (AR IR R A 2 R B il
b, DAL, PCHRAR ) AR

EE S AR
Tab. 2 Spare parts bill of equipment

wfEARR ettt MTBF SHLEC st kR iy

pobgEd ) L
5N LRU 900 1 0.1 56000
B LRU 910 1 0.1 48000
B LRU 100 1 0.1 10800

O LRU 1000
B4 LRU 1200
W SRU 1200
% LRU 1700 1 1 568

1
1
1
1 0.5 0.1 5400
1
2
1
BAHE LRU - 238 1 1 0.1
2
2
1
1
4
1

0.5 1 1452
1 1 180

17 499
B SRU 900 0.9 1 1850
101 {%# LRU 2000
75-111%#% LRU 200
MS {(# LRU 200
ZC-63 LRU 170
BLHA  LRU  ——

0.5 0.03 100 000
1 0.03 2000
1 0.03 20000

0.8 1 5000
1 — 10000

(2) 2 0 2 T 0 R e 0% 10 1 SR
e W TR EA TS &AE, HAEBHER 0. X
Tsstr, 2Rl gEus. 1A,
HEfe N L BRE LB BRI R, PRIA 415 e
TR, — M BR T e s AR TR A
ST 2 2 — S (R T B 4 0 LRU R
R, R RILIA 20 LRU [ R A% 0.5,
% SRU HI4EMEHEA N 00 FEHZE i H A 50
YEABRE Ty, DRI, 0 AN R - P RE 1 155 10
N, MG ELT RE A X BT A IR AR R TR S, W
U ES RS

http: // www.china-simulation.com
<514

https://dc-china-simulation.researchcommons.org/journal/vol32/iss3/19
DOI: 10.16182/j.issn1004731x.joss.18-0266



Shao et al.: Model of Initial Spare Parts Configuration and Ordering Policy Op

932 55 3
2020 4F 3 H

(3) e WA I HEAS R e i TR) . BI3Z iR
R fE R PR dEAs R R) R 0.5 d, EHBZAE BT
H4d.

(4) 52 2R AR A AL 52 R 3 B3
2 1) FE M 2R AT A AE A IR B B s () A 1 d; JkHh
2 1) AR AL 6% T SR ) 24 A28 1R A 5% I TR] (48 B2 J5 30
410 d.

(5) HfE S EALE BB AT I 2R . 7EAR
ik 2R NS, 2 Iis e 2 H vl 2 AT ARk
PRZAM, e AMRAE TR T [ 2 1T 52 3% 0 100
TG, SHEALE RN 0.05 CEFEAE B Y
e AE AN T EE ) 6

e B & HE R ANT 095, B
A=0.95, THEAFBIRIUG % AF T W 0 3 50 h 2k
K 3 pros.

1.0

0.9¢

0.8

0.7
2906
Zosi)
0.4

0.3

0.2

0.1 L --' ©

%10

BT raommeee™ ™"

A%

DR ST R I 7]

30 40 50 60 70

w18
B3 I BELR R WG4 0T S I s Rt 2
Fig. 3 Optimal curve of effectiveness vs. cost for initial
spare parts project under availability constraint

20 80

WA ] I BEFRRRACIE T, A3 BTG 4 AT
B G RAERIE T 3R 3 FiR. % EY,
B WIETT R 4 4 0951, #&IEAL% EFR N
0.826, PRESIELRISIA] Td hy 5.05 h, #%fFRZ T
% C=767 950 JC.

3, HT -1 BESLRR: %
AR A — AR, I AT B

AR, A ST RARIRAS IR 4 PR AR e AR LA 7

Vol. 32 No. 3
Mar., 2020

®3 OAJHELR T RIS T %
Tab. 3 Optimal spare parts project under availability
constraint

FBPE b1 Rh A 2 N 3 N 4 VT T
P 0 0 0 0 1 0 1
WP 0 0 0 0 1 0 1
MR 1 1 1 1 1 0 1
Ol o 0 0 0 1 0 1
IR DA 1 1 1 1 0 2

WIEHIE 0 0 0 0 2 1 7
TR0 0 0 0 2 1 7
A 0 0 1 0 1 0 1
iR 0 0 0 0 1 0 3
101 f%# 0 0 0 0 0 -1 1
75- 144 1 1 1 1 1 0 1
MS{¢#% 0 0 0 0 1 0 1
ZC-63 1 1 1 1 2 1 1
[AGER 0 0 0 0 -1 1

T Tt 128 5 2R 4% (A % 1 I DA M 8
BRI LE R0, T LA B R R
(1) XTI HME, TS LR
PR I % ] T BE 4 B G LRU;
(2) BHTIHHEAREN AR EH T SRU HE
AT AR ED A e, DN, B AR 451 P AN ELHG SRU

(3) X TR, BRI LRU I a)
RESTWHAELTE M SRU, A, XFTMsm. &
B AR ) SRU, HFFACE /D REIAT, I H 4
FAL B 7 I — MR S B /N s TN T A
ik, M%&) SRU, HECES T, JFH sk
FAE DR 7 1R SR S AR

(4) ATtk MBE RN LRU, Fifg L
BRI AT

(5) TR T e g e A AR L AN A% B B I K2
BN, DA GAIE PO (R T AT, W
THOLT, SRS & A7 dr b BE P A & bk
THFE.

.
=

AT G, RE RGP &R R Eh 132
f, o, w1 BCERGEN 19, 5 13.5%; vl
2 W ECE R 21, 5 14.9%; w53 Bl E R N 24,

http: // www.china-simulation.com

Published by Journal of System Simulation, 2020

* 515



Journal of System Simulation, Vol. 32 [2020], Iss. 3, Art. 19

5532 55 3 ) E R Vol. 32 No. 3
2020 43 A Journal of System Simulation Mar., 2020

mr17%; il 4 BCEEEN 21, 5 14.9%; L
CFEFATRLEEE N 56, 15 39.7%.

LR R R MR AT S e AT AN B AL
TGS R SR U A, ANITAE € M) )2 i b
YO UE T R R IE A | Ak 7 R A B DL R T %
PR AT 1 o

FI DR B3R A LR B 2 Y 2 P2y B bR, 115
133 2 FOAS R ) & A EC B T 5, HARBE VT
i gl R L an B 4 oo T, PR E R I R R0 £
bl 20 T A —1h Ak 3

BAEGE L (W EATRALAL T %)
BAEE2 (TREE 2 A R ARAL T7 %)

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

Ok I IE AP (RBRAER  (RRe]
B4 2 WL R B 7 2 (R B A e

Fig. 4 Comparison of spares project effectiveness under two
scenarios

ARG AU ST AT R s R 55, B
U, RS A AR R R . A
FMEH AT, NI 83 A% AR YR B I [A]
WV 14016 SN 1) MTTR=6 h (445 Ml
HBE PR A AT B HAE), MTBF=250 h. AJ LI

R ECEEIP
_ MTBF 250
" MTBF + MTTR 250+6

B AE T Ay =
A =AAJ(A + 4 —A4,4)=(0.951x0.977)/

(0.951+0.977-0.951x0.977) = 93%

Bl S T 4,5 A, 2 AR ihgk, wTLE
B OB RGP E TCBR 2 1 4 1H 28R, B
ToFAERE AL F T FHBEIAE 100%, 4 A=1 B, ff

=97.7%

1.0
0.9f

0.8f

—— Supply availability
20.7¢ —— Operational availability

= 0.6

bil

vail

< 0.5
0.4
0.3
02—

0 10 20 30 40 50 60 70 80 90 100

Cost/10*
Bl5 AT HIRE A, 55 B0 TR E 4, A8 1 h 2k
Fig. 5 Relationship between 4 and 4,

6 &g

b=

ASAETE T HATACIRE T, R R G0 Hr
1%, WANGERAE AT IR AGIC B L5 84111
W7 AU AE BT T WTTT WEUEE R RES N
PRV UERT B DR B B U R 2 42 i R AR D e
AR BLORBEBEIE AL 0 MR BEBOR T-Bs e
#o AL P 9 B[ 20 B O e B8 I DIE 10 E B e 1t P 3
o

A IO U DR 5 A 2 o e A Ve UE e
P IR A 8 R A, X Sl S R T AT
FEMEIRI LR T R AR B, e dhe s, %
TAEREE AR50 PRBEAE SR R R 5, S8
B fRBEfS R —E M2 S, P, F5 e s
MR DR b bR, R ORB K 178, R
FIE AR T3 206 IR e e AT 0 B AR 2, DASES 3L
BEATEH A BB YES o Wi B DR A A 5 AN
Wroe st , A ORRE BT KIEC E T 28 D THE .

SR

(11 BB, ZIRIR, 2o, 5. RS RGN &

SRR RARATTIE]. RS LRES T HR, 2011,
32(8): 1799-1803.
Ruan Minzhi, Li Qingmin, Peng Yingwu, et al. Model of
spare part fill rate for systems of various structures and
optimization method[J]. Systems Engineering and
Electronics, 2011, 32(8): 1799-1803.

[2] Paterson C, Kiesmiiller G, Teunter R, et al. Inventory

FH AT BERIA% FRAE 4,=4~0.977

models with lateral transshipments: a review[J].

http: // www.china-simulation.com
* 516

https://dc-china-simulation.researchcommons.org/journal/vol32/iss3/19
DOI: 10.16182/j.issn1004731x.joss.18-0266



Shao et al.: Model of Initial Spare Parts Configuration and Ordering Policy Op

932 55 3

2020 473 11 GARAH, 25 ST EARIRAS I A F T AR IC B SR DL AR Y

Vol. 32 No. 3
Mar., 2020

European Journal of Operational Research (S0377-2217),
2011, 210: 125-136.

Cesaro A, Pacciarelli D. Performance assessment for
single echelon airport spare part management[J].
Computers & Industrial Engineering (S0360-8352),
2011(61): 150-160.

brie, wocul, PRI, 55 FET R RRBEE 3%
F AT = REAF DT B R TR Sk,
2012, 32(7): 1623-1630.

Ruan Minzhi, Peng Yingwu, Li Qingmin, et al.
Optimzation of three-echelon inventory project for
equipment spare parts based on system support deree[J].
Systems Engineering-Theory & Practice, 2012, 32(7):
1623-1630.

Gumus A T, Guneri A F. A multi-echelon inventory
management framework for stochastic and fuzzy supply
chains[J].  Expert  Systems  with
(S0957-4174), 2009, 36(3): 5565-5575.
Darwish M A, Odah O M. Vendor managed inventory
model for single-vendor multi-retailer supply chains[J].
European Journal of Operational Research (S0377-2217),
2010, 204(3): 473-484.

Tiacci L, Saetta S. Reducing the mean supply delay of

Applications

spare parts using lateral transshipments policies[J].

International ~ Journal of Production Economics
(S0925-5273), 2011, 133: 182-191.

BME, FRR, skEE. DN bR
By SR TVALT]. S TR, 2011, 32(5): 636-640.

Mao Dejun, Li Qingmin, Zhang Zhihua. An Optimizing

Method for Availability-Centric Equipment Support
Plan[J]. Acta Armamentarii, 2011, 32(5): 636-640.

P, bt B, ZER. ZHRECHN N BRIt
PEAE @B S ARA[I]. R4 LR EE 55 Lk, 2013,
33(10): 2623-2630.

Luo Yi, Ruan Minzhi, Yuan Zhiyong. Modeling and
optimization of repairable spare parts under the
supply[J].
Practice, 2013,

multi-echelon ~ maintenance Systems

Engineering-Theory & 33(10):

2623-2630.

[10] Bri B, RIS, e, 55, BFgHEX T 2 %4

& B 1Y 1) e 4% 3 48 T B VEAS (7], A 274, 2012,
33(4): 658-665.

Ruan Minzhi, Li Qingmin, Peng Yingwu, et al.
Evaluation of Equipment System Availability for
Multi-echelon[J]. Acta Aeronautica et Astronautica Sinica,
2012, 33(4): 658-665.

[11] Brs#, AIREE, K, 5. Sokfor )2 br s

SRR E 7 R[] £ TR, 2012, 33(10):
105-111.

Ruan Minzhi, Li Qingmin, Li Cheng, et al
Improved-Layered-Marginal ~Algorithm to Optimize
Initial Spare Part Configuration Project[J]. Acta
Armamentarii, 2012, 33(10): 105-111.

[12] Al-Rifai M H, Rossetti M D. An efficient heuristic

optimization aglorithm for a two-echelon (R, Q)
inventory system[J]. Intenational Journal of Production
Economics (S0925-5273), 2007, 109(2): 195-213.

http: // www.china-simulation.com

* 517

Published by Journal of System Simulation, 2020



	Model of Initial Spare Parts Configuration and Ordering Policy Optimization Based on Inventory State
	Model of Initial Spare Parts Configuration and Ordering Policy Optimization Based on Inventory State
	Abstract
	Keywords
	Recommended Citation

	/var/tmp/StampPDF/KY4qX5jAcc/tmp.1688103004.pdf.uSc2m

