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Abstract—In view of the repairable spare parts, considering
the actual situation that component commonality exists in
warship equipment, the requirements of spare parts and sites in
all levels are modified. A multi-echelon configuration model of
common parts based on METRIC theory is established. The
marginal optimization algorithm is used to obtain spare parts.
The optimal supply support schemes prove that this model
improves the model evaluation accuracy and reduces the total
configuration cost under the premise of meeting the requirements
of support index, which provides a theoretical basis and decision
support for the current equipment to promote the use of
component commonality.
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l. INTRODUCTION

Failure modes and fault characteristics are not single
because of various types of spare parts, so it is difficult to
achieve the best effect through relying on single maintenance
mode or maintenance strategy. Therefore, according to the
actual situation that different types of spare parts adopt
different maintenance strategies, it is of great value and
significance to study spare parts allocation optimization and
inventory control models under different maintenance
strategies. With the continuous installation of new equipment,
the generalization degree of components of various devices is
improving too. It is necessary to study the influence of the
commonality of spare parts on its configuration optimization
programs. Corrective maintenance is a widely adopted strategy
for spare parts maintenance. It is also an important object to
study configuration optimization of spare parts multi-echelon.
The research foundation is derived from the METRIC model
proposed by Sherbrooke, and the theoretical basis is static Palm
theorem[1]. Although multi-echelon configuration optimization
research based on the theory is very extensive, the literatures
[2-5] study demand fitting distribution, constructing objective
function optimization algorithm, and other aspects deeply,
according to the problem of the spare parts allocation of high
dimension, nonlinear, multi-objective and so on. However, few
scholars have studied the configuration optimization of general
spare parts. The literature[6] has established the purchasing

decision model of component commonality by introducing the
important degree of spare parts, but does not consider the
multi-echelon inventory problem. In the actual process of
equipment support, the proportion of commonality is gradually
increasing. In the study of spare parts allocation, the factors
must be included in the model. The improved multi-echelon
configuration model is presented, which based on component
commonality in this paper. And marginal optimization
algorithm is used to solve the model to get the optimal
configuration program.

1. MULTI-ECHELON INVENTORY MODEL FOR COMPONENT
COMMONALITY

A. Spare Parts Demand Rate Model

The demand rate of spare parts LRUin one site is 4, .,
m ( m=12,---,M )is the protection of site number,
j=L12,---,J is the number of spare parts,n (n=1,2,3) is

the protection of the level number, N =1is depot level site,
n=2 is intermediate level site, n=3 is the crew level site;

fault isolation rate of SRU , iy, )+ Ajnm 1S the demand

rate on the crew level site m of SRU,, (m e Echelon(N )).

J
;ﬂ,-(n,m) (1— NRTSj(n,m))qjk(n,m) 1<k <z

Aiiom = 1)

Ao (L= NRTS a0y 2¥1<k <K

NRTS;, ,, is the probability that a failure of LRU can not
be repaired at the site m . For m , (m ¢ Echelon(N))

Aitnm = > Ajam - NRTS )

leUnit(m)
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J
.u";(mi“"”‘ NRTSJk“m)+;ﬂj(n‘m)(l—NRTSi(n_m))qjk(n_m) 1<k<z  (3)
ik(nm) =

D Ay NRTS #2500 (1= NRTS, )0y z+1<k <K
IeUnit(m)
NRTS ) is the probability that failure SRU, cannot be

repaired at the lower level site m; Unit(m) is the lower level
site of the site.

B. Correction of the Mean and Variance of Supply Channels
for Spare Parts

The availability of warship equipment is mainly affected by
the shortage of spare parts, and the shortage humber of spare
parts is closely related to maintenance. Therefore, the key of
modeling is to determine the mean and variance of spare parts
supply channels. Through the survey, it has been found that the
channels include the number of repairs, the number of recharge
and the number of maintenance delays [7].

()
At any time in the steady state, the number of fault LRU;

the number of failure parts in repair

and SRU ;, repairs at a site m are respectively

] ﬂnm)(l NRTS,, )T(nm) @)

E[xfk nm ] Aic(om) (1_ NRTS i, m))TJk(n,m) ©)

and T

jk(n,m)

Tiom are the average repair time for the

failure LRU,and SRU , at the site m respectively:

K
zlﬂjk(n,m)Tjk(n,m)

j(nm) — K

zﬂ’jk(n‘m)
k=1

(6)

(2) the amount of recharge

The amount of recharge are the supply number of spare
parts from the superior site to the site m and the number of
spare parts in the transportation process, and the quantity of the
delayed supply which is not enough for the superior site's
existing stock.

S _
E[Xj(nym)}—ﬂ NRTS, O, +f  EBO, . (7

Then we have
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G S (L) ®)

M
Z/Ij(nvm)

(3) the number of maintenance delays caused by

maintenance
This value is equal to the sum of SRU,, and its shortage

number EBO,, ., . thatis,

K
|: (n m):| kZ:; th Jk(n,m) (9)
/1 1- NRTS
h'k nm) ( )qjk v (10)
o ﬂ’jk(n‘m)

In summary, the mean of supply channels E[X in m)J for

spare parts LRU  at the site m is as follows:

E[ X jom | = E[Xfom ]+ E[ Xfiom ]+ E[ Xfiom ]

= Ainm) (1_ NRTSi(n,m)) i)  A50m NRTS j0,mOjn,
K
imEBO joam) + éhjk(mmEBojk(nm

When a site m applies for a spare part to a higher level site,
the probability of a delay by a higher level site supplying to the
sitt m is subject to binomial distribution. Therefore, the

variance Var[xj(n‘m)] of the supply channel for the spare

parts LRU ; of the site m is as follows

Var| X o |= 240m (1 NRTS )Ty + Ay NRTS 1O

(n.m)~j(n,m)

m)

(12)
)EBO 11y + fom VBO,,

i (1 Fiom

K

2 N0 (2 M) JEBO +Zhjknm BO,

k=1

ik(n.m)

VBO k(nm)
specific calculation method can be referred in paper[8].

is the variance of the shortage spare parts, the

Il.  OPTIMIZATION MODEL OF SPARE PARTS

Effectiveness parameters of ship equipment support
commonly include availability, satisfaction rate, utilization rate,
delay time, and so on [9].

The availability of equipment is obtained by [1], which
combined with the structure of the equipment and the
multilevel inventory system.

409



£

ATLANTIS
PRESS
M M J Z;
Y NomAsm 2 N(s‘m)H(l‘ EBOms,m)/( NamZi )) 13
A==t - _ m=l =t - ( )
mzﬂ N(3,m) mz:1 N(B,m)

Z; is single number of LRU;, N( ) is the equipment

3,m

number of crew level site m.

The satisfaction rate of the spare parts system is

M
; NemFR@m)
FR=""b——— (14)
2N
m=1
FR ;. is satisfaction rate of spare parts at the crew level

site m, and can be obtained by the following formula,

Sjem) 71

J
Y Y AamP(Xiom)

=1 X3 =0

FR 3 = (15)

J
Zﬂj(&m)

i=1

The utilization ratio of spare parts system is

2 NiamUR 0y

UR == (16)
Z N(3vm)
m=1
The delay time of spare parts support system is
M
> N mMLDT,
MLDT =365x 24 x "= 17
2 N
m=1
J
Z EBO,;
MLDT,, ,, =+ 5—— (18)

J
Z /’?’i(&m)

i1

Therefore, an optimization model based on component
commonality is established, that is, the cost is the optimization
goal and the effectiveness is constrained.
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3 (19)
mnC= Y chsj(m)

meEchelon(N) j=1

st. A>A FR>FR, MLDT<MLDT, UR>UR,

IV. ALGORITHM OF OPTIMIZATION MODEL

Marginal optimization algorithm is one of the most
common and effective algorithms for spare parts allocation
model. The principle of the algorithm is to compare spare parts
marginal allocation benefits of sites, and determine spare parts
location, then iterate until the model constraint condition is
satisfied. Because the availability model of ship equipment is a
sum function of the shortage spare parts at the crew level sites,
the objective function is separable, so the objective function is
convex, the marginal optimization algorithm can determine the
optimal solution of every iteration[7-11]. Considering the
relationship between the availability and the number of spare
parts shortage, the marginal benefit for the availability of the
ship equipment value is converted to marginal benefit value of
the number of spare parts shortage on the crew level, which can
improve the efficiency of algorithm. The concrete steps are as
follows:

Stepl: initialization, the initial spare parts configuration
scheme sis 0.

Step2: the marginal benefit value & i(nm) of the spare parts

allocation at all levels sites is increased by 1 respectively
through formula (20):

EBO(s)-EBO(s+4,,,)
j(n,m) = C.

J

(20)

EBO(s) is sum of the expected spare parts shortage at
crew level site under the allocation scheme s,

EBO(S +A j(n,m)) is the expected spare parts shortage at crew

level site, based on the allocation scheme s, it equals to
number of spare parts ] in allocation site (n,m) plus 1.

Step3: according to the results of the Step2, the site

0 (n.m cOrresponding to the maximum value is selected and the

(nm)
configuration amount adds 1.

Step4: the configuration plan is updated, and the
availability, spare parts support probability and other

parameters are calculated, the result are determined whether
achieve the constraint requirements. If not, then goes to Step2,
continue to iterate; if the result meets the constraints, then goes
to Step5.

Stepb: spare parts configuration program is outputted.
V. EXAMPLE ANALYSIS

Compass is the main platform of ship navigation equipment,
its supply support system structure as shown in Figure I. The
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device is equipped with three crew level site, and the number
are (12,10,8) respectively. The purchase delay time at middle
level sites are 8 days and 6 days, the purchase delay time at
crew level site are 4 days, 3 days and 4 days. The configuration
program of spare parts is optimized, which the system
availability is 0.95.

Basic level

1,1

‘/lmermediate level\‘

\ 2,1 J \

(Intermediate Ievel\‘

(2,2 /

FIGURE I. SCHEMATIC DIAGRAM OF WARSHIP

EQUIPMENT STRUCTURE SYSTEM

The solution process of the configuration optimization plan
is analyzed, and the cost efficiency curve for the marginal
optimization algorithm is shown in Figure 11.

Cost/yuan

a-availability, s-satisfaction rate, u-utilization rate

CURVE OF EFFECTIVENESS VS. COST FOR
COMPONENT COMMONALITY

FIGURE Il

From the above chart, availability, satisfaction rate and
utilization rate are increasing nonlinearly with the increase of
the cost, and the availability curve has the characteristics of
convexity, which reflects the marginal value is strictly
monotonically decreasing with the increase of iteration, the
initial value of 0.0002 is declined to , as shown in Figure IlI;
the expected shortage value is reduced to 1.4622 from 34.7857,
but this is not strictly monotone, as shown in figure IV.

x 10"

Marginal value

Cost/yuan 5

FIGURE II1. THE CURVE OF MARGIN VALUE
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FIGURE IV. THE CURVE OF EBO REDUCTION

Figure V shows a marginal optimization algorithm for
solving the relationship between delay time and cost.
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FIGURE V. THE CURVE OF EFFECTIVENESS VS. COST FOR

MLDT

From the above chart, with the cost increases, the number
of spare parts is also increased, and the delay time is strictly
monotonically decreased, that is from 5134h to 214h.

VI. CONCLUSION

In spare parts supply, the problem of component
commonality exists in most equipment, and the optimization
model of spare parts allocation based on component
commonality is established. The result in the case shows that
the problem of deviations in availability is solved by the model
in the paper, which save the inventory of supply system. The
evaluation precision is improved by the model in paper in case
that requirement of support indexes are needed, and the total
cost is reduced. Therefore, the result can provides a theoretical
basis and decision support for the use of component
commonality.
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