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1.0 INTRODUCTION
Kuo-Lung Hou [4] discussed the EPQ model with an underlfaetthat setup cost and process qual
are functions of capital expenditure. An efficient procedsideveloped to find the optimal production run leng

setup cost and process quality.

Yang P.C and Wee H. M [6] developed a single-vendor,ifhulters, production—inventory policy for

deteriorating item with a constant production and demased rat

Geetharamani G, et al [3] presented a cost optimizatiorelfod a multi item inventory system fo

deterministic demand with backlogging.

In recent research, the extensive use of trade credit alternative has been addressed by Goyal [2]

developed an EOQ model under the conditions of permisééiidsy in payments.

Misra [5] first studied the EPQ model for deteriorgtitems with the varying and constant rate
deterioration. Gary C. Lin, Dennis E. Kroll and C.J. Lih ¢btained common production cycle time for an EL

with deteriorating items.

K. Jeyaraman and C. Sugapriya [7] developed an EPQ foinstantaneous deteriorating items usi

price discount.

In this paper, an EPQ model for a single product subjeekponential deterioration under productio
inventory policy using permissible delay in payments isudised. The product is provided with price discount
its deterioration rate. In the next section, assumptmsnotations for the development of the model are gi
The cycle time of the model is derived in the Section 3.illustrative numerical example and final concludi
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2 C. Sugapriya
remarks are given in the subsequent sections
1.1 Model Development

It is a production model. The production starts at t = 0 and cestinntil t = T. It reaches the maximurhy (T,)

at T,. During this time period [0, {], the inventory increases at the rate p-d and thereisleterioration. After the
maximum inventory is reached, production is terminated andd#ierioration starts. From this point, the on-hand
inventory diminishes to the extend of the demand plus the los® dbe deterioration. Production is resumed when all the
on hand inventories are depleted as flmeThen an identical production run begins. The productionafagach product
is independent of the production lot size. Since an exponeletiafioration process is assumed, the inventory levikleof

system for the product at time t over peri@d, [T] can be represented by the differential equations:

Error! Bookmark not defined.  for 0<St<T; (1.1)
Error! Bookmark not defined.  for 0<t<T, (1.2)
The boundary conditions associated with these equations drg{@)=0, I, (T,) =0.

[1(t)=(p—d)t for O<t<T, (1.3)
[o(t) :%[eH(TZ ) —1} for 0<t<T), (1.4)
Setup Cost:The setup cost per unit time is given by

sc=— (1.5)

Holding Cost: The holding cost per unit time is given by

h T T2
HC = — j 1, (t)dt + j I, (t)dt (1.6)
T 0 0

Deterioration Cost: The number of decayed units in a cycle is theediffice between the maximum inventory and the

number of units used to meet the demand. Henceldtegioration cost per unit time is given as

K 2
DC = 1,(0) - !d.dt (1.7)

Price Discount: Price discount per unit time is
kr ¢
PD :—fd. dt, (1.8)
T 0

Impact Factor (JCC): 5.9876 NAAS Rating: 3.76
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Assumingtd <1, an approximate value is obtained by negledtiegterms of degree greater than or equal to 2 in

t@ in the Tailors expansions of the exponential figmct
Therefore, the total cost per unit time is given by

TVC (T) = SC+HC+DC+PD

2 2
TVC (T):$+g[%+dT—2d'[j+k6;§d+@ (1.9)

Consider the equations (1C.1) and (1C.2) to expfessid T, in terms of T in the equation (1.8). The third and

higher powers o T terms are neglected for small valuesébt. Then equation (1.9) becomes

2 — 2 —
TVC(T):é+D{dT—de+kdm(p dj +krd(—p dj (L10)
T 2 p) 2L p p

1.1.1 Casel: M<T

The optimal production cycle time is greater tHaa ¢redit period, the interest charged by the seppl

| = i T'ddt (1.11)
El T ) . .

The interest charged by the supplier from the enstaper unit time

ki,
|P:?£|2(t)dt (1.12)

2 _ 2 _
TVC(T):A+D qp 97T ), kdoT (p-d}" (P d), ki.dM
T 2 P 2 P p T

_ 2 _
—klpd[(p dJT+NI _I_(p d)M} (1.13)
p 2T 2 p

To minimize the total cost per unit time TVC (T)ffdrentiate TVC (T) with respect to T and set tesult equal

to zero. The resulting equations are represented as

2A+ 2kl .dM -kl ,dM 2

Y
hd(l-dj S K= _ oy pd(l—dj
p p p

=T (1.14)
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d’TVC _2A  2kdMI, _KIM ’d S
dT? T? T? T?
The second derivative is positive. T is given by éguation (1.14) is the maximum

1.1.2Case2. M =T

In this study, the customer need not pay intefidst.loss of revenue by the supplier

| —kle]ddt (1.15)
E2™ T ) . .
2 _ 2 —
TVC(T):£‘+D dT—OI T +kd‘9T p-d +krd p-d +kd|, (1.16)
T 2 p 2 p p

To minimize the total cost per unit time TY(), differentiate TVG (T) with respect to T and set the result equal

to zero. The resulting equation is represented as

2A
T= >0 (1.17)

2
hd(l— d j + kde(p_dJ
p p

And the second derivative is found to be positidence, T given by the equation (1.17) is the mimimu

1.1.3 Numerical Example for Case 1

Consider the following data for the given EPQ modéle data is A = $1000/set up, P =100 units/umiet d =30
units/unit time, k = $300/ unit time, M =1 unit t@nl,= 0.14/ unit time, & 0.12/ unit time, h = 0.05 units/unit timé =
0.2 and r = 0.1/ unit. The obtained results arpr@duction cycle time T = 2.766 unit time, ii)abtost TVC (T) = $1045.

6, iii) production run time & 0.8298 unit time.
1.1.4 Numerical Example for Case 2

Consider the following data for the given EPQ modéle data are A = $1000/set up, P =100 unitstimi¢, d

=30 units/unit time, k = $300/ unit timg,=1 0.14/ unit time, &= 0.12/ unit time, h = 0.05 units/unit timé =0.2and r =
0.1/ unit. The obtained results are: i) productiycle time T = 1.505 unit time, ii) total cost TUT) = $3038. 9, iii)

production run time & 0.4515 unit time.
1.2 CONCLUSIONS

The Economic Production Quantity (EPQ) model fonitstantaneous deterioration was developed. The pr
discount with constant production and demand etiending the facility of permissible delay in pagmts is considered.
It is assumed that a single machine produces desprgduct over an infinite planning horizon. Theduction cost is

considered as constant and the expenditure fgurthghucer per unit time is minimized.

Impact Factor (JCC): 5.9876 NAAS Rating: 3.76



EPQ Model for an Item Undergoes Non- | nstantaneous Deterioration 5
Receives Price Discount Permits Delay in Payments

1.3 REFERENCES

1.

Gary C. Lin, Dennis E Kroll and C.J. Lin 2006, ‘@etining a common production cycle time for an eeoit lot scheduling
problem with the deteriorating items’ European Joalrof Operational Research, Vol. 173, pp. 669-682.

S.K. Goal 1985, ‘Economic order quantity under dtiods of permissible delay in payments’ Journal @perational
Research, Vol. 36, pp. 335-338.

Geetharamani. G, Thangavel. K and Elango. C 20Multi-ltem inventory control with backlogging,’ krnational Journal
of Soft Computing, 2 (3), pp. 440-444.

Kuo-Lung Hou 2007, ‘An EPQ model with setup cosi @nocess quality as functions of capital expemdituApplied
Mathematical Modeling, 31 (1), pp. 10-17.

R.B. Misra 1975, ‘Optimum production lot size mofiel a system with deteriorating inventory. Intetipaal Journal of
Production Research, 13 (5), pp. 495- 505.

Yang P.C and Wee H.M 2002, ‘A single-vendor andiptedbuyers production—inventory policy for a déteating item,’
European Journal of Operational Research, 143(B)50-581.

Sugapriya C and Jeyaraman K 200&etermining a common production cycle time for aRQE model with non-

instantaneous deteriorating items allowing priceatiunt using permissible delay in paymema&PN Journal of Engineering

and Applied Sciences, 3(2), pp. 20-30

APPENDICES 2C

To minimize the total cost per unit time TVC, thguation (1.3) and (1.4) have to be expressed mgeaf T So

that there is only one variable T in the equatidh.the moment when production run is terminatedirdura cycle.
Thereforel ,(T,) = 1,(0).

(p-dT=(e™ -3

Applying Taylor's expansion and approximation

2
<p—d>Tl=d(T2+HT2j

2
p-d
TZ:TT (1C.1)
T=T+T,=PT (1C.2)
1 2 d 1 .
2
ande”™ =1+6T, + (922)
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