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Abstract

Through making a analysis of the spare parts joint support system that consists of two supply
departments, this paper has established support degree models of spare parts joint support.
The arithmetic of spare parts joint support storage based on support degree is presented. Then
optimal method of spare parts joint support is determined. Applicability of the method is given
by way of a numerical example.
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1. Introduction

One spare-parts joint guarantee system consists of supplier 1, supplier 2 and several clients. When a
client has parts shortage, either supplier 1 or supplier 2 can supply the parts with only 1 piece every
time, but the client could only choose one of the suppler. The demand amount for spare-parts is
random variable (Distribution function is known). The system structure is as below:

Supplier 1 Supplier 2

clients n

clients 1 ‘

clients 2 ‘

clients 3 ‘ ......

Figure 1. Spare-parts joint guarantee system

When determining the storage volume, either supplier 1 or supplier 2 should consider the following
factors: the delivery distance between storage location and the location of client, the average time per
km when delivering the parts from supplier to client, the annual demand amount of the client, the
average time for urgently producing a single part when supplier has a stock-out, the guaranteed
amount of stock, the density function of total annual demand amount by each supplier, the average
downtime of equipment, etc. [1][2][3]

This essay solely considers getting the maximum degree of joint guarantee in the case of spare-part
replacement after equipment failure, which requires the maximum guarantee degree of single part of
the client. Under the limitation of budget for actual guarantee expenditure, the plan which realizes
the maximum guarantee degree will be the optimal one, meanwhile, the optimal storage amount for
supplier 1 and supplier 2 can be confirmed.

2. Code Description

P -purchasing price of single part;

D, -the distance between supplier 1 and the clientk ;

D,.-the distance between supplier 2 and the clientk ;

k,-the average time per km when delivering the parts from supplier to client;
X,-the annual demand amount of the client k , which is random variable;
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N, -the equipment amount of clientk ;

t- the average time for supplier 1 to urgently produce a single part when supplier has a stock-out;
t,- the average time for supplier 2 to urgently produce a single part when supplier has a stock-out;
fo1(fo1) -the density function of total annual demand amount guaranteed by supplierl;

fo.(r2) -the density function of total annual demand amount guaranteed by supplier2 ;

Xo;-storage amount for supplier 1;

X.-storage amount for supplier 2;

C(Xo1, Xop) -actual guarantee expenditure;

C,-limitation of budget;

4 -the parameter to determine which supplier to guarantee the clientk ;if client k is guaranteed by
supplier 1,4 =1; if client k is guaranteed by supplier 2,4, =0.

3. Modeling

Determining the storage amount of joint guarantee from the perspective of guarantee degree, is to get
the maximum value of guarantee degree with the actual guarantee expenditure under the budget
limitation.

1. The calculation of average downtime of guarantee by supplier 1: The total annual average time for
client to get the guarantee from supplier 1:

To = kozﬂk leE(Xk)+t1 Ir01f (rpdry, (1)
k=1

It is known that the equipment amount guaranteed by supplier 1 is kz:,ika >0,then within the given

time 1;, the average downtime of single equipment caused by lack of the part:

kOZ)"lekE(xk)-'—tl Ir01f (ro1)dr01 (2)
T = Ty _ =2 Xo1
01~ n - n
2 AN, 2 AN,
k=1 k=1

2. The calculation of average downtime of guarantee by supplier 2: The total annual average time for
client to get the guarantee from supplier 2:

T, = koi(l— 2Dy E(X, ) +t, +flrozf (Rop)dry, ®)

It is known that the equipment amount guaranteed by supplier 1 is iﬂka >0,then within the given
k=1

time 1;, the average downtime of single equipment caused by lack of the part:

TO TO 2

o3 0= A)DLE(X, )+, [T (1), 4)
> - 20N, Sa-2)N,

3.The calculation of average guarantee degree: For every single client’s demand for guarantee in one
year, the guarantee will be conducted by either supplier 1 or supplier 2, without guaranteed by them
together. Thus, the average downtime of single equipment caused by lack of the spare part will be

T= ﬂkfof"(l_/ik)foz (5)

It’s given that the total equipment amount of joint guarantee is iNk, then within given time t; ,the
average guarantee degree of single equipment will be:
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A(X()llXOZ):l_tlzl_ﬂ“kTOl+(t1_/1k)T02 (6)
Substitute formula(2)and formula(4)into formula(6) to get:
CEADEX [rf 6 KX AIDLE(K )+, [raf ), (7)
Aoy X) =1y = --4)—= —
tﬂZ;]«Nk %é(l—@)N
4. Objective function: When guarantee expenditure C(X,,Xy)<GC,, the plan which realizes the
maximum guarantee degree will be the optimal one, so the objective function to get the optimal plan
will be:

max  A(Xop, Xg,) 8

4. Modeling solution

1.0Objective function detailing: Under the constraint condition that C(X,.Xy)<GC, ,given that
(X01+on)p:Co,C5=%.Then

X02 :CfIJ_Xm (9)
Substitute (9)into(7) to get one variable function of X
kZ) D“‘E ]rﬂlf b drﬂl} o { Zl k) DzkE Jrozf(roz)dfoz} (10)
A(vaxoz) 1 1 fu “ cﬁ—xm
toZAk ' ‘uZ(l-MNk

2.All clients are guaranteed by supplier 1: given that all clients are guaranteed by supplier 1,4, =1
(k=123---n),then(10)can be transformed to be the one variable function of X;:

kOZleE(Xk)+t1 J‘r01.f (r01)dr01 (ll)
A(X(u):l* = n ot
t,> N,
k=1
d b, [rf ()cr . . o
Ask, ZDNE ) is constant, and® 4 so A(Xo) is monotone increasing in section

dx,, =—Xo.f (Xt <0’

[0, C,]. Round down on Cs,and given that Xo, =[C; ], then A(Xo,) is the maximum value in this section.

3.All clients are guaranteed by supplier 2: given that all clients are guaranteed by supplier 2,4 =0
(k=123---n)then(10)can be transformed to be the one variable function of X..:

koY DL E(X,)+t, J o (1) (12)
tZN

A(xoz) =1-

t [1af ()0 . N

As K ZDZkE ) is constant, and [ X{: (&) r] so AlX,,) is monotone increasing in
dXo,

section [0, C,1. Round down on C,,and given that X,,=[C, ], thenA(X,,) is the maximum value in this

section.

4.Joint guarantee: when clients are guaranteed by both supplierl and supplier 2, have derivation on

(10)about X.:, given that derivative is 0, and then:

= _onf (on)tz <0’

X (Xt (1= 4)(Co = X)) (Co = Xelty _ (12)
b2 AN (- 2N,
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Xl () _CTAIRAN, (13)
(Co_xm)f(co_xm) ﬂ'ktlzli:(l_lk)Nk

Get Xo, =X, from (13), then substitute it into(9)to getX... Round up on X, and round down onX,
separately to get the optimal plan.

5. Example analyzing

The guarantee system consists of supplier 1, supplier 2 and client 1, client 2, client 3. Each client can
be guaranteed by either supplier 1 or supplier 2. The equipment amount of client 1, client 2, client 3
is 1, 2, 3 respectively. One equipment needs 2 parts, price is 1500 CNY, the annual amount of
demands for the parts is N(2D . It is known that budget limitation is 21000 CNY, the distance between
supplier 1 and client 1, 2, 3 is 190km,240km,210km respectively, the distance between supplier 2 and
client 1, 2, 3 is 200km,220km,240km respectively, the average time per km when delivering the parts
from suppliers to clients is 0.01h, the average time for supplier 1 to urgently produce a single part
when supplier has a stock-out is 160h, the average time for supplier 2 to urgently produce a single
part when supplier has a stock-out is 170h. With the above, please get the storage amount for supplier
1 and supplier 2 respectively, and which clients they will guarantee separately, in this way to
maximize the annual expectation of total guarantee degree.
There are 8 plans for as shown in figure 1:
Table 1.plans for supplier 1 and supplier 2 to guarantee the clients

plans Client 1 Client 2 Client 3
1 supplier 1 supplier 1 supplier 1
2 supplier 1 supplier 2 supplier 1
3 supplier 1 supplier 1 supplier 2
4 supplier 1 supplier 2 supplier 2
5 supplier 2 supplier 2 supplier 2
6 supplier 2 supplier 2 supplier 1
7 supplier 2 supplier 1 supplier 1
8 supplier 2 supplier 1 supplier 2

For on the 8 plans, use formula (7) get the result of joint guarantee amount based on guarantee degree,
as shown in figure 2:
Table 2. Result of joint guarantee amount based on guarantee degree

| d guarantee storage amount
plans guarantee degree cost (yuan) supplier 1 supplier 2

1 0.9561 18000 12 0
2 0.9636 21000 6 8
3 0.9104 19500 1 12
4 0.9552 21000 2 12
5 0.9071 18000 0 12
6 0.9101 19500 2 11
7 0.9128 18000 7 5
8 0.9315 18000 8 4

The optimal plan is plan 2: the supplier 1 guarantees client 1 and client 3, the supplier 2 guarantees
client 2, the storage amount of supplier 1 is 6, the storage amount of supplier 2 is 8, guarantee cost is
21000 CNY, and the total guarantee degree is 0.9636.
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6.

Conclusion

Adopting probabilistic method, this essay establishes the guarantee model of spare parts joint
guarantee, gives the solution calculation method of storage amount based on guarantee degree, and
determines the optimal plan for spare parts joint guarantee, through analysis and problem
simplification on the joint guarantee system with 2 suppliers. This given method provides a theoretical
basis for determining the optimal spare parts storage amount for guarantee system with several
suppliers.

References

[1]
[2]
[3]
[4]
[5]
[6]

Craig C. Sherbrooke. Model of Equipment Spare Parts Optimum Inventory
Technology (Second Edition)[M]. Beijing: Electronic Industry Press, 2008.
Tiening Wang, Hongwei Wang, Yu Cao, et al. Research on material supply chain of joint
inventory management strategy [J]. China Logistics & Purchasing, 2009, 13: 56~57.

Min Ren, quanqing Chen, zhen Shen. Parts Supply [M]. Beijing: National Defence Industry
Press, 2013.

Department of Mathematics Tongji University. Advanced Mathematic [M]. Beijing: Higher
Education Press, 2008.

Zhou Sheng, shigian Xie, chengyi Pan. Probability and Statistics [M]. Beijing: Higher Education
Press, 2008.

Defeng Zhang. MATLAB Probability and Statistics Analysis [M]. Beijing: China Machine Press,
2010.

Multi-stage

25



