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Modeling and optimization of multi-echelon inventory for

repairable spares based on birth and death process
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Abstract; For it is not accurate under the condition of low availability, VARI-METRIC model of inventory optimization for multi-echelon

multi-indenture repairable spares was built. Firstly, the birth and death process of each component was established by the prediction of demand rate

and arrival rate of each spares in each site. Then, a computational method of availability was put forward based on the birth and death process.

With the constraints of availability and objective of lowest cost, the optimal inventory distribution result was obtained by marginal algorithm and the

simulation model was built to evaluate and adjust the result. In an actual example, the analytic model and the VMETRIC were compared and

described in aspects of optimization performance, calculation precision and applicability by simulation verification. Results show that both the

analytic model and the VMETRIC have certain scope of applicability and the method combined analytic model and simulation has a stronger

applicability.
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Z R G Ak T H Z 3K 4 L VARI-METRIC
TR Sy FEAS A%, AT DA SE BN 2 A 4E G 1R 25 4%
ZARRESIRCE T A, 8 2 TR E
& LTI 3 R I ORI HT HEIE IR I 2
PR A , AT — AU . AT R O B AR AR
X VMETRIC 34 FIAS SCRRE BT B 1T 2765 4] L
S3HT, %) VMETRIC #5141 1 o 14 FURS J3E 147 56
WEAT IS o
5.2.1 fRACHERERT e A7

PLS. 1 B 240 A 19, 76 VMETRIC X {4+
FENT A OGO ARNAIAE G o K n] HIEE B FREH 0. 98,43
SR AASCEHT LR 5 VMETRIC 317115,
RN AT R A M Ze & 7 B, B AT LA
B A & kAT, AR i 22
MR R, 7EE AR LG 50, A& 58 10 0 i
(ANBCAS ) AR SCRAY () ] B TR 25 SR 0 0. 34,
I VMETRIC #4455 0 0. 02, (HAEER S 1,
&R T 400 oo v FJE R T 0.8 J5, %
B ARBHHEIE ,  AAE N 700 JT o0 e A B
BACHIARSE T, 155 0. 98 AL EFEFRE.
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Fig.7 Comparison of iterative curve for availability

between analytic model and VMETRIC
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Hi T 5 VMETRIC 825 R A7 76 W] 8 1 22
S, o e P 2k il 2k bl 2R AU IR E) 0. 4,
0.6,0.9,0.98 [ 45 {1 {1t Ak 75 5 i A A1y ECRE 7 3
FrVPAS FNSIIE, IR 45 RN 5 ~8 Pz, &
AT H I BT X i B B 4G TE 5 (9 45 2R (i
Br - D5 EAERY) o MRS R AT LI H

RS A =04 REREFTEXLE
Tab.5 Comparison of results among different

methods when A, =0.4

" " fi# T -

LAY f BT P VMETRIC
T2 0.417 7 0.403 0 0.409 4
5 B FAd 0.403 0 — 0.561 3
AXFiR2E 3.65% — 27.06%

BEH/ TG 48 48 167

Fz6 A, =0.6 B EEEERIILL
Tab.6 Comparison of results among different

methods when A, =0.6

B e @E}Iﬁ_@ VMETRIC
sk 0.612 6 0.600 1 0.619 8
15 FLAPA 0.590 0 — 0.693 3
AT R 22 3.83% — 10. 60%

BIRH/ T 184 189 274

xT A, =0.9 HEERFEITLE

Tab.7 Comparison of results among different

methods when A, =0.9

81| AT A é_@gﬁ_ﬂ VMETRIC
LR 0.901 1 0.903 8 0.910 1
15 BTl 0.878 8 — 0.893 3
AHXT 1R 22 2.54% — 1.88%
M/ TG 44205 498 500

*8 A, =0.98 B &AER FFEXTLL
Tab.8 Comparison of results among different

methods when A, =0.98

fmy bR fg@ VMETRIC
gk 0.9823 0.980 1 0.9817
1 FATAR 0.970 3 — 0.970 6
AHX R 2= 1.24% — 1. 14%
SR/ TG 683 737 723

1) £ 0] F B A (At (0. 4.0.6) , VMETRIC %k
M EGEREFBR, KM RZEN
27.06% , ELATH 3 1 PR AT 5 T A A4S 28 114 4 %o
RZEEBN RGN 3.83% 5

2) & 0] i BE & it (0.9.0.98) , VMETRIC
BN iR BT B AR B R 25 3 A A B R Y,
VMETRIC 345 25 T EE T /N, A Ak 1 BE A T
HrsiAl

3) SR A AR TR 5K g AT A TR SR A T IE 1) O
PRI LR VMETRIC $00F 5845 4 F8 bR gt sk 1
gE H AR BN S b EAR M s . N
Ay =0.9 B, A SCBE AL TS A 2 1 & 14 7 58 A
498 7 JT W B A A AT A B ik #) 0.903 8, i
VMETRIC {4514 75 S 7E 500 J5 S0 ZAE 2R (116
LN H AT FHBEACR 0. 893 3,

H LA LA i, VMETRIC {47 &5 nl B2 A
(0.8 Dh_b) a4 R, T AE AR n] RS T 1T AAL4s
SRR, H BRI THERA 1 5 TP
filio FEHIEE, J& VMETRIC # A A% OB —
VARI-METRIC 4% S8 iy, K Jy VARI-METRIC
RV P A AE A SR L — 2 4% LRU o]
FER AR L R A v B, S B0 % —
SRR SR FEM T AT 25 R A 5L T g (2
L) (77K R Ak T FLSE B i i , Ak S 80mT
LR mAC. L AP AE nT F R i, 5
M T ELARt, 17 24 P P R 32 47 R IR s, 532 i 2 8k
IR, XS5HRHISERTELYE . RE WL, HMN
PR MAEE, B TOREEA UG — B2 = AT
FABEFRAR T &40 28, IS LT, VMETRIC A
RN —3K I M ACERE I B 15 25 RS 1 1 4K
o WA SRS R AR I 25 09 P AR TE X T AT
SR ] R s 5 (0 FOP A (R AN 2238
T 4% LI, R AT DIVHT B A& 1 26 Ry nl R
P TR AER O PPA
5.2.2  BETBERAGE G F o AT

SR TV AT T AR (1 3 P AR 1Y 5
WU LR 1) i N S B0, 43 T B TR VMETRIC
B FNA SR TS RRURS 82 () R

1) 2 A8 Bt ) ot ASS TR0 2 1 52 M A

XL LRU FES730 s 4RI B ) A 1, 78 5.1
W H B E PR S BONAE K i A Bl
FLRU B ZE A I 6] Ty 230 2350 S d10 d
15d20 d.25 d .30 d, 735 4 i85 A
FH VMETRIC #R{4 S@HTAEmL (7 FUBORI6 ] FH R i
AP T RN 9 s, IRl IE
W TE — 2 X JE] N B % LRU 4 & B[] i 484
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VMETRIC 8RR 22 28 7 38 K, 1N ffp A A 2 4 22 I
R8I o 3 A PR g ff B AR 2 3 AR P A 2K
R REEAE, oy TR BEAE A& 1) 1] A 45 503 A1
LS PR PF B IR I ]I F AN TR B A T 24 4
BRI REIS , EMB I TR #F FTR I [] 2 0 2 5
PN e BN BT o & EI NI G e B
TR A TR 22 /N At A A A
LA I ] A S -5 AR TR] , AN FE2R

RO ARHEERE T SRR HELRIILL
Tab.9  Comparison of availability among models with

different maintenance time

ki) fERTRER fFEEER VMETRIC
Ty =5d 0.979 2 0.963 5 0.973 9
T =10d  0.960 1 0.942 1 0.949 4
Thw=15d  0.9349 0.920 4 0.914 5
Tiry=20d  0.9047 0.891 7 0.869 2
Th=25d  0.8710 0.864 6 0.814 0
Thw=30d 0.8356 0.8352 0.749 9

2)) iz Ay T XA TG B2 A8 52 W) o B

AL R 24k G ol s % B 37 3 014 3 i o 1) Dy
B, 46 5. 1 R B E PR HAB S HOAE B
JITA TP Ak Gk 1 2 A 3k R 0B s ) O 43 5
ik 5 d.10 d.15 4,20 d.25 d.30 d,7E5% 4 fT
ANIEATIT S N R VMETRIC B0 i A A 2 |
U5 BRI u] ] B2 gEAT PPAL TG, BT 45 R 03k
10 flr7n o WERH AT LA i, 78— X TR 4 24
iz N ()3 ORI, VMETRIC B PFR 22 800 , i
AR B LR 22 MR MR o 3 PR DAy as A P T 2
P2 IR 8] ) B B e ¥ 0 , i TR BCHO WAL
FHARFERO AT, DR a2 A s (B AA 38 i P 1) %o
PFEITA I (R 25 SR, (8 4 1 2k I (6] 5 45
003 A 9 0 30 FEE AR, DT 68 A I aed e S A6 ™ A
AR ZE B R o H Al 3ty i i P 8] 4 52 i 5 e A
[l , AP

® 10 FEIEHEEET SREATHEL R
Tab. 10  Comparison of availability among models with

different transportation time

R fRbris  fiEAUE VMETRIC
0=54d 0.969 8 0.9529 0.966 1
0=104d 0.940 2 0.916 6 0.9354
0=154d 0.907 0 0.873 3 0.893 0
0=204d 0.868 1 0.826 5 0.8387
0=254d 0.8339 0.781 3 0.773 5
0=304d 0.803 6 0.743 6 0.698 5

6 #ig

1) JCIg & A SC 4R i fif pr A B Ok 2
VMETRIC B, £ A e R T — S8 Bl Ak
PRFBL, B ICIE RAUEAE AT AT 1% D0 T #R RE A5 21K
AR IEFREE R . BRI : VMETRIC 7 %
AR (0.8 DLE) THAAE R , 1 7E 4 T
J3E R N 1R] i 4 5 4 R S A A1, O AN fiE
Xt PE D7 SRAEA T HER (4 R 1 PP Al 5 AR SCAR AT Y
128K IR 1A X 50 (AR T 2% T - 32 e o ) o
S TR] ) i /IMEL ) B3R A8 ) 8] R 0 I, FEAS 7
PRUEZR B HERA P (IRZE1E 4% LAWY , (3 4155
I )5t R, T TG 3 0 6 11 D 8 R AT METFg 1) 5
P

2) BRI EAR R ZE R HORS Aff T 45, EL I K
R FEmbR A al il . I,
ST I R T PR T R an LA T 5, A
T EAR B0 4 A T7 58 S DAk A B, A
1Mo 2 P doe 2 AR T 58 (AR ST AT — (5 LAY )
JCRERE TR EFE
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