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Abstract

In this paper we discuss the development of an inventory model for deteriorating items which

investigates an instantaneous replenishment model for the items under cost minimization. The salvage value is
incorporated to the deteriorated units. The result is illustrated with numerical example.
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1. Introduction

The deterioration of item is a realistic phenomenon in
any inventory system. It is reasonable to note that a
product may be understood to have a lifetime which ends
when utility reaches zero. The decrease or loss of utility

due to decay is usually a function of the on-hand inventory.

For items such as steel, hardware, glassware and toys, the
rate of deterioration is so low that there is little need for
considering deterioration in the determination of the
economic lot size. But some items such as blood, fish,
strawberry, alcohol, gasoline, radioactive chemical,
medicine and food grains (i.e., paddy, wheat, potato, onion
etc.) deteriorate remarkably overtime. In the history of
inventory theory, the deteriorating inventory models have
been continuously modified to become more practicable
and realistic. It has been observed that failure of many
items can be expressed in terms of Weibull distribution.

Ghare and Scharder [4] first formulated a mathematical
model with a constant deterioration rate. Wee [9]
developed EOQ models to allow deterioration and an
exponential demand pattern. Emmone [3] established a
replenishment model for radioactive nuclide generators.
The assumption of the constant deterioration rate was
relaxed by Covert and Philip [2], who used a two-
parameter Weibull distribution to represent the
distribution of time to deterioration. This model was
further generalized by Philip [6] by taking three-parameter
Weibull distribution for deterioration.

Variation in the demand rate plays an important role in
the inventory management. Therefore, decisions of
inventory are to be made because of the present and future

demands. Demand may be constant, time-varying, stock-
dependent, price-dependent etc. The constant demand is
valid, only when the phase of the product life cycle is
matured and also for finite periods of time. Wagner and
Whitin [8] discussed the discrete case of the dynamic
version of EOQ. EOQ models for deteriorating items with
trended demands were considered by Bahari-Kashani [1],
Goswami and Chaudhuri [5]. R.P.Tripathi [7] developed a
model under time-varying demand rate and holding cost.
In the present paper, an economic order quantity model
is developed for Weibull deteriorating items for time
varying demand rate. An attempt has been made to obtain
optimal purchase quantity with some salvage value
associated to the deteriorated units during the cycle time.

2. Assumptions and Notations

Following assumptions are made for the proposed
model:
i. Time varying Demand rate is considered.
ii. Single inventory will be used.
iii. Lead time is zero.
iv. Shortages are not allowed.
v. Replenishment rate is infinite.
vi. Time horizon is finite.
vii. There is no repair of deteriorated items occurring
during the cycle.
Following notations are made for the given model:
I(t) = On hand inventory at timet .

R(t)=At"P = Time varying demand
A>0.and 0< p<1.

rate  where



161 American Journal of Applied Mathematics and Statistics

The distribution of the time to deterioration of an item
follows the  Weibull distribution 6(t) where
Ot)=a BtFP, for0O<t<T , where a (0<a<l)
denotes the scale parameter, S (8 >1) denotes the shape
parameter and t (t > 0) is time for deterioration.

1(0) =Q =Inventory at timet =0.
T =Duration of a cycle.

A= The ordering cost per order during the cycle time.
pe. = The purchasing cost per unit item.

d, = The deterioration cost per unit item.
h. = The holding cost per unit item.
v Pc = The salvage value associated to the deteriorated

units during the cycle time
where 0<y <1.

3. Formulation

Let I(t) be the on hand inventory at
timet>0where 0<t<T. Inthe interval [0,T] the stock

will be decreased due to the effect of deterioration and
demand. At time T, the inventory level reaches zero. At
timet+ At , the on hand inventory in the interval [0, T Jwill

be
I(t+At) = 1(t)-6(t) 1(t)At-At7P At
Dividing by At and then taking as At — 0 we get

dl

E+aﬂtﬁ_ll(t):—/lt_p for 0<t<T. (3.1

Now solving equation (3.1) with boundary condition

I(T)=0

)
gy 1P
It)=A0-at”) " (3.9)
n [24 {T]_Jrﬁp_t P} .
1+p4-p
for 0<t<T.

Using 1(0)=Q, we get

TP o THA-P
Q={

+
1-p 1+p-p

The number of deteriorated units during one cycle time
is given by.

} for 0<t<T. (3.3

LaTHAP
1+8-p
The average inventory during the time interval [0,T] is
given by,

.
D(T) :Q—jR(t) dt = (3.4)
0

.
1,(T) = j () dt
;’7 (3.5)

_ p+ ap T2+B-p
p A+p)(2+L-p)

T
2—

The total cost per unit time C(T) comprises of

following costs:
1. Purchasing cost per cycle

TP THA-P
p1(0) = A p, + & (3.6)
1-p 1+p-p
2. Holding cost per cycle
T 2-p
hg [ 1()dt = 2 h, L @ p T2A7P 1 (3.7)
0 2-p (@+p)2+p-p)
3. Deterioration cost per cycle
T1+,8—p
d, pry=detaT™" 7 (3.9)
1+48-p
4. Ordering cost
OC=A (3.9)
5. Salvage value of deteriorated items
4+p5-p
SV = M (3.10)

1+6-p

The average total cost per unit time of the model will be

a THA-P

+
1-p 1+p-p
2-p
+Ah T + o p
2-p @+p)(2+p-p)

AT P aTHA-P

1+p5-p

TP

cm=${ﬂ p{

TW"F’} (3.11)

de AaTHA-P
+ +
1+6-p

The necessary condition for C(T) to be minimum is

_62(T) =0 and solving it for T by using a suitable

software. For the T obtained, C(T) is minimum only if

O*C(T) _ pe A p(p+T P2

oT2 1-p

_h apa-pT P

2-p
e da purp-p)(B-pT P 2A
WL+ B)(2+B-P) T3
4o =G -Dpe}2a(B-p)(B-p-)T P
1+8-p
forall T > 0.

>0

4. Numerical example

Following example is considered to illustrate the
preceding theory.
Example

The values of the parameters are considered as follows:
a=0.18=2,7=0.2,A=300,1=3000,p=0.2
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de =$8/unit,h, =$3/unit, p, =$20/unit According to
equation (3.11), we obtain the optimal T =1.3663.

a T Q D(T) c(m)

0.1 1.36632 16222.95632 256.7497 81987.35856

5. Conclusion

Here we have derived an inventory model for
deteriorating items. In particular deterioration s
considered to be of Weibull type. In this model, shortages
are not allowed. An optimal replenishment policy is
derived with minimization of average total cost under the
influence of time varying demand. The result is illustrated
through numerical example.
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