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Abstract: Keeping in view the concern about environmental protection, the study incorporate the concept of
repairing in a production inventory model consisting of production system and repairing system over infinite
planning horizon. This study presents a forward production and reverse repairing system inventory model with
a time dependent random deterioration function and increasing exponentially demand with the finite production
rate is proportional to the demand rate at any instant. The shortages allow and excess demand is backlogged.
Expressions for optimal parameter are obtained .We also obtained Production and repairing scheduling period,
maximum inventory level and total average cost. Using calculus, optimum production policy is derived, which
minimizes the total cost incurred

I.  Introduction

An inventory system the effect of deterioration plays an important role. Deterioration is derived as
decay or damage such that the item cannot be used for its original propose. Foods, pharmaceuticals, chemicals,
blood, drugs are a few examples of such items in which sufficient deterioration can take place during the storage
period of the units and the importance of this loss must be taken into account when analyzing the system.

When describing optimum policies for deteriorating items Ghare and Schrader (1963) proposed a
constant rate of deterioration and constant rate demand. In recent year, inventory problem for deterioration items
have been widely studied after Ghare and Schrader (1963), Covert and Philip (1973) formulated the model
for variable deterioration rate with two parameters Weibull disturbation Goswami and Chaudhuri (1991),
Bose et al (1995) assumed either instantaneous or finite production with different assumption on the pattern of
deterioration.

Balkhi and Benkheroot (1996) considered a production a production lot size inventory model with
arbitrary production and demand rate depends on the time function.

Bhunia and Maiti’s (1977) model to formulate a production inventory model. Chang and Deve
(1999) investigated an EOQ model allow shortage and backlogging. It is assumed that the backlogging rate is
variable and dependent on the length of waiting time for the next replenishment. Recently, many researchers
have modified inventory policies by considering the “ time proportional partial backlogging rate” such as Wang
(2002), Perumal (2002), Teng et al (2003), Skouri and Papachristos (2003) etc.

Schrady (1967) first studied the problem on optimal lot sizes for production/procurement and
recovery. For issues in the greening process, Nahmias and Rivera (1979) studied an EPQ variant of Schrady’s
model (1967) with a finite recovery rate. Richter (1996a, 1996b, 1997) and Richter and Dobos (1999)
investigated a waste disposal model by considering the returned rate as a decision variable. Dobos and Richter
(2003, 2004) investigated a production/remanufacturing system with constant demand that is satisfied by
noninstantaneous production and remanufacturing for single and multiple remanufacturing and production
cycle. Dobos and Richter (2006) extended their previous model and assumed that the quality of collected
returned items is not always suitable for further repairing. Konstantaras and Skouri (2010) presented a model
by considering a general cycle pattern in which a variable number of reproduction lots of equal size were
followed by a variable number of manufacturing lots of equal size. They also studied a special case where
shortages were allowed in each manufacturing and reproduction cycle and similar sufficient conditions, as the
non-shortages case, are given.El Saadany and Jaber (2010) extended the models developed by Dobos and
Richter (2003, 2004) by assuming that the collection rate of returned items is dependent on the purchasing price
and the acceptance quality level of these returns. That is, the flow of used/returned items increases as the
purchasing price increases, and decreases as the corresponding acceptance quality level increases. Alamri
(2010) developed a general reverse logistics inventory model. Chung and Wee (2011) developed an inventory
model on short life-cycle deteriorating product remanufacturing in a green supply chain model

In this paper we present a realistic inventory model in which the production rate depends on the
demand and demand is an exponentially increasing function time and deterioration is random function says that
deterioration of an item depends upon the fluctuation of humidity, temperature, etc. It would be more reasonable

and realistic if we assume the deterioration function © to depend upon a parameter "'ot'"'in addition to time
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.This model is developed for deteriorating item by assuming that the deterioration rate is uniform and the finite
production rate is proportional to the demand rate & the demand rate increasing exponentially. Repairable Items
are collected at time of production run and repairs at time of no production no shortage completely. These
repaired items as good as new and consumed at time of shortage. When shortages is maximum production start
and items consumed from both the channels forward production and repaired items as well. We derive an
expressions for different cost associated in the model and total average cost .We derive equations, solution of
these equations gives the optimal cycle and optimal cost of repairable items.

. Conzumer
Production
[]
o Returnable
Repairng items

Fig. 1. Flow of inventory in the integrated supply system

Il.  Assumption and Notation
The mathematical model of the production inventory problem with repairable system considered herein is
developed on the basic of the following assumptions-:
a. Asingle item is considered over a prescribed period of T units of time, which is subject to a time dependent
Random deterioration rate.

b. Deteriorate D (t) is known and increasing exponentially D(t) = Ae™ t>0, Ais initial demand, A

is a constant governing the increasing rate of demand.
c.  Production rate P(t) at any instant depends on the demand that is, at time t, t >0, P(t) =a-+bD(t),a>0,

0<b<1landP()> D(t).
d. Deterioration of the units is considered only after they have been received into the inventory.
e. Items are returnable and are repaired. Repaired items are as good as new ones and they are used during the
shortage period of forward production.
f.  The time horizon of the inventory system is infinite. Only a typical planning schedule of length T is
considered, all remaining cycles are identical.
Shortages are allowed and backlogged.
The production time interval for forward production coincides with the collection time interval for reverse
repairing system.

Q@

Notations for production system and repairing system:
@) I(t) = Inventory level at any timet, t > 0
@ 6 =0,(a)t =the items deterioration rate is random.

) Im=Maximum inventory level.

4) I, = Maximum shortages level.

(5) C = Setup cost for new cycle.

(6) Cs = Shortage cost per unit.

(7) K =The total average cost of system.

(8) Cnp=Holding cost per unit per unit of time during the production.

(9) Cpp=Deteriorating cost per unit per unit of time during the production.

(10) P¢, = Production cost per item.

(11) Chc= Holding cost per unit per unit of time during the collecting and consuming process for the repairing
system.

(12) Cpc= Deteriorating cost per unit per unit of time during the collecting and consuming process for the
repairing system.

(13) Cpr = Deteriorating cost per unit per unit of time during the repairing process for the repairing system.

(14) Cpr =Holding cost per unit per unit of time during the repairing process for the repairing system.

15) l¢(t) = Inventory level during the collecting process for the returnable items.

(16) l(t)= Inventory level during the repairing process for the returnable items.

(17) z =Fraction of the production lot size 0 <z<1.

(18) R =Rate of collection of returnable items.

(19) M =Rate of repair of returnable items to be repaired.
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(20) t; = Time when production stops and also the time when collecting process for returnable items stops. At
this very time repairing of collected items start.

(21) t, = Time period when repairing of returnable items stops and also the time when accumulated inventory of
production system vanishes.

(22) t3 = Time when shortages is maximum.(t= t;+ t,+ t3)

(23) ty= Period of time when production starts again during the period of shortage.

@4 T=(t, +t, +t;+1t,) isthe cycle time.

(25) Is = Maximum inventory level of repaired items.

(26) P.= Cost of purchasing the returnable items per unit.
(27) P =Repair cost of repaired items per unit.

I11.  Mathematical Model :

Initially, the inventory level is start with zero. The forward production inventory level starts at time
t=0and it reaches at maximum inventory level I, unit after t; time. At that time production is stopped and the
inventory level is decreasing continuously and reaches zero at time t,at this time shortages start developing at
time t; it reaches to maximum shortage level I, . This time fresh production start to remove backlog by the time
ty .

At the beginning of each cycle, the inventory is zero. The production starts at the very beginning of the
cycle. As production progresses the inventory of finished goods piles up even after meeting the market demand,
deterioration. At the beginning of each cycle, the process of collecting returnable items in a separate store also
begins. At a point where the production from the forward production system stops; the collection process of
returnable items also stops at the same point .1t is assumed there is no collection of used items once the repairing
of collected items starts. At this very point the repairing of reusable items begin at a constant rate. The
accumulated inventory produced from the advanced production system in the meanwhile starts getting
consumed and ultimately becomes nil. The accumulated inventory of repairing products, which are assumed to
be as good as the newly produced products, is consumed when the shortages from the forward production
system begin to surface. Thereafter, production starts when shortages is maximum in forward inventory system
and shortages are gradually cleared after meeting demand by repairable items and produced item from forward
system simultaneously and the cycle ends with zero inventories. Here our aim is to find out the optimal values
of ty, tp t3, ty, In & I, that minimize the total average cost (K) over the time planning horizon cycle(0,T).
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Production stop
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Consumptionsf repaired items
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Fig. 2. Inventory of production and repairing system

The differential equation governing the stock status during the period O <t < T can be written as

_d:j(tt) =a+(b-DAe" — Gy (M (1), 10)=0(1)=ln O<t<t, ey
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aw _

” —Ae™ -G ()t (t), It)=lm , I()=0, O0<t<t, .. )
dit) _  ,on o _
T——Ae ) |(0) =0, I(t3)—lb,,0StSt3 (3)
di(t) _ Ay = _
T—a‘F(b—l)Ae , |(0)—|b,|(t4)—0,OStSt4 (4
Differential equations representing repairing system in collecting time & consuming time
%zRC—HO(a)tIC(t), (0)=0 0<t<t ... (5)
_d'(;t(t):M_eo(a)uc(t), l(h) =Bz , 0<t<t, - (6)
Where
B=Production lot size during production system=Production- Deterioration
4 Y ty
= j Pdt — j 6, (c)tPdt = j (1-6,(a)t)(a+bAe™)dt
0 0 0
b
= [{a+DbAe™ -6, (a)t(a+bAe™)}dt
0
bA . 6,(a), ad(a)t? , bAe™ 0, ()
={—(@1+2 +—2 +}+ 1-0,(a)t) + 2
{l( /1) 5 }i{o()l)i}
Differential equations representing inventory of repaired items.
dl, (t
% =M —Qo(a)t Il(t) |1(0) =0, |1(t2) =lg, 0 <t Stz ’ (7)
m——Ae” =6, ()t (1) ,100) =l 1 (t; +1,) =0 I(t) =l,y, O0<t <t +t 8
dt - 0 ) —Is 1\ 4] — ’ 3—b1’ =t =21 4 ()
Solution of equation (1), (2), .3) and (4) by adjusting the constant of integration using boundary condition are
given by
3 , _ PRGN
I(t) —adt + 90 (a)t e—t%(a)t /2 + (b 1) Ae{ 2 } 1— 90 (a)t
6 A A
2 -t
+0°(0[)t —0°(aze +9°(20!)—e*t 0<t<t ... (9)
2 A A
I(t) =2 g2 e 1+ % (@ _ (@) +& (za )
A A 2 A A
2
P LGl —8°(a)t+0°(2a) 0<t<t, .. (10)
2 A A
A at
I(t):z(l—e ) 0<t<t, .. (11)
|(t):a(t—t4)+¥(e”—e“4) 0<t<t, ... (12)

Solving (5) and (6)
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3
|c(t)=RC{H%}e‘%(“”Z/Z, 0<t<t, .. (13)

3
IxmzR{ﬁ+@%?%%%wWﬁ=BL

Bze % (@)’ /2

© {t1+ Qo(a)tl3}

6
3 3
I.(t)=Bz+M {t +@}e‘6’°‘“)‘2/2 -M {tl +%}e“%<“)‘f”, 0<t<t, .. (14)
Solution of equation (7) and (8) by adjusting the constant of integration using boundary condition are given by
3
L) =M {t +@}e‘%‘“)‘z/{ 0<t<t, ...(15)
PG 2 ~At
I(t) =ée{ 2 } 1- Oo(at + Ot _ 9°(a)2e + 90(205) —e |, 0<t <t +t,
A A 2 A A
...(16)
PRLACIL Iy y 2 — Ity
- _Ae{ o) 6@t 6@t 6, (a)ze Lo (ZZ) e |, (16)
A L A 2 A A

The inventory level of production start initially at time unitt = 0 to t = t; at maximum level I, is obtained by
equation (9)

G (a)ty
| = a{tl LY (g)tf }e—eo(a)tf/z . (b/gl) pal 55 {1_ 0, (j)tl

2 A2 22

2
:é{e”z {1+ Oo (@)t _ O ()t + % (20‘)}—1} .. (A7)
A 2 A A

and after time t1 the production is stopped and stock level is decreasing continuously and become zero at time

+%mm_%wm%+%wx£%}

t=t, at that time shortages are develop and reaching to I, at time t = t3 is obtained .

Ab-1) (1—e™) ... (.18)

I, =1y, :zA(l—eﬂs) =-at, +

Thus by equation (17) we observed that t1 and tz are dependent so they are related by the equation

t, = R(t,) ... (19)
and by equation (18) '[3 and t4 are dependent to each other so related by the equation
t,=R(t,) ... (20)

Total amount of deteriorated units (1,,) of production inventory (0, T) is given by

I, = tjeo ()t (t)dt +tfeo ()t (t)dt
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— aeo (a) i + 00 (Ot)tjl.5 _ 90 (a)tjlf1 _ 002 (a)til.7
2 30 8 72
O (a)(b—1)Ae™ 9, (@) (6+ﬁ)t _t{(1+5) L
A 24 2/1
L0 (@) - 42t, (3-124)t7 7t13 3t,
A 220 204X
N [0, ()b -DA[ 642, + 60, ()t + 0, () 2t2 + O (a) At?
I A 612
" Aejtz 1+ 6, ()t; b (a)t, b (o) [1_e90(;1)t22)
B 2 A A
AL G@) G ()™ e
A 2 A i
et (1 3 6, 6) W), 1
2 3 4 4 2
2 A X B A A
+M eMZ E_i GL_E
A Y R S
_Go(@)e™ () st 20t 60t 1201, 120
2 3 4 5 6
2 VR S Y
6 600,(a) || AG(a)| (t; 28, 2 7
R o A R o
4 12t 24, 24) 2 24
YRR B R &

Total amount of deteriorated units (1) of collected items of repairable inventory channel in (O,t,) is given
by
t t,
b = j 6, ()t (t)dt + j 6, (a)tl . (t)dt
0 0

:j&o(aﬁRc {H@O(O{)t } e %@ 2t 1
0

3
IH (a)’[{BZ +M {t 4207 Oy (@)t" } e ®@r/2 _\ {tl n & (Z)H }eﬂo(a)t12/2:| dt

.. (22)
g [6@Y 6@, G@B |\ (6@t 8@t )
‘ 3 15 2 3 15
0, (a)t,’M t+ O, ()t} o-Oo(@n/2
2 6
Total amount of deteriorated units (1) of Repaired items of repairable inventory channel is given by
DOI: 10.9790/5728-11145669 www.iosrjournals.org 61 |Page



Modelling of repairable items for production inventory with random deterioration

L+t

= j 8, (en)tl, (t)dt + j 6, (er)tl (t)dt
- Iﬁo (XM {t+—0° (Z)t }e‘%(“’tz/ 2dt +

ty+ty _Gy(a)t 2 -2t
[ oy(an el [1_ Gl G A" 6@ o u]y
A A 2 Jl A
-M Qo(a)tzs G (05)21:25 + MG, (a) (t, +t4)2 n At "‘t4)3 _ 6, (a)(t +t4)4
3 15 ° 2 3 8

During period (0, T) total inventory of produced items (I,,,) in forward production channel can be obtained
as

0 .. (23)

= lj I (t)dt +lj2 I (t)dt

|y Gt adi(a)t’) (b-nAfet 1
177 6 72 A

t 4, 57 3t tf 1
—e™g, (05)(/1—12 —/1—23J +e™o? (0{)(/1—41 e s

222 44 A

6 t> 2 2 6, 2 7
O,(a) = -+ St —+—
zj (@ )[ 6 fj O (e )(623 PR f}

A 2 e,nz t et t 4otz t 3ait
+—16, -2 +67
1{ (e )( TR J} (e ){ 42 2

t2e™ 3t§e“2+tzeitz 3tze“2+e“? 1 3™ 3}

[ + JRE—
24 273 A A /A A A &
at, at, 2 3 2

A A 2 64° s A
_ 95 (a)t25 _ & (Ol)t;1 .. (24)
12 61
During period (0, T) total inventory of collected items (I,,.) can be obtained as
t t,
e =j |C(t)dt+j I (t)dt
—JR { b (a)t } e O@F /24 4
T Bz+M t+—0° (@8 | n@rce by 4 GO | aanle gy (@)
! 6 6
2 24 4 2 2+ 4
_R G(t”  G(a)t +6,(c)Bzt, + M Gt G(a)t," )
2 12 2 12

Oy (a)t,M {tﬁ Gp(a)ty } IRCICHINE:
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During period (0,T) total inventory of repaired items (I ;) can be obtained as

t+ty,

= j 1, (t)dt + j I (t)dt

- Ie ()M {t + o (Z)t } e %@ 2t 4

t+ty /I,M ) a
[ 6@ ﬁe{ at [1_ Ho(f)t N (Z)t 6, (i)ze . eo;f;x) _Mj|dt

0

O,(a)t,”  G,(a)’t,’ A, +t,)2 6,(a)(t, +1,)°
—M b (o), _ b (), + A0, (a)] (t, +1,) + (t; +t,) _ b () (t; +1,)
2 12 2 6
...(26)
Total amount of shortage units (I) during the period (0, T) is given by
t3 ty At 2
Alfe™ 1| at A(b-1) 1 i
=—|1({t)dt+ | I(t)dt =| — —t, |- ——+ - |—t,e™
o froa| ()55
.. (27)
P=Production cost +Collection cost +Repaired cost
t t t,
P =P, [(a+bAe™)dt+P. [R.dt+Py [ Mdt
0 0 0
A At
P (at, + 227 L PRt + P M,
Hence the total average cost of the inventory system is
K = setup cost +production cost+ deterioration cost + inventory carrying
cost + shortage cost
1
:-I_-[C +P+Cpplpp +Cpclpe +Cpr +1pr +Crplp +Cric e +Cilig +Cs|s]
.. (28)

and putting the value of Ipp, Inc, Ior Inp, IHe, Ir @nd Is we getting the total average cost of the inventory system.

IV.  The Approximation Solution Procedure
In many cases A and 90 (OL) are extremely small hence to use Maclaurin series for approximation

242
:1—/1t+/“

.. (29)

By using equation (4.29) the total average cost of system

aty
K:Tl[(:ercp(at1 bAj )+ PRt +P, M, ]+ See

{90(“)"’“ G(@)b-DAL | Afy(a) (A% + 22 422+ 220, + 222 ~2) |+

2 A 22
R [90 (@t G(@)’t’ j+ NI [eo (@)t G(@)’t,’ ] .
Coc 3 15 2 3 15
00 (a)tZZM tl + HO (6()':13 e*'go (a)tlz/z
2 6
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n Cox (M [6)0(05)'[23 _ eo(a)ztzs ]—i— A@O(a)[(tg’ +t4)2 n Aty ""[4)3 _ G (2)(t, +t4)4 jJ
T 3 15 2 3 8
Cue HaH ag, (a)t? (b—l)A[ PR (a)tf}r A {_ 26, ga)
T 6 J1 3 A Ji
[ Oy (@) 6, (a)j Op(Q)t;  6s(a)
A A A
A o( ) 2 20,@0 +[2ﬂ390 (@)= 6, (“)}; _6() tgH*
22 3 64 6
‘9 (a)tl ‘9 (0() t1 +6,(a)Bzt, + M ‘90(05)t22 _9(3(05)2t24 _
° 2 2 12
0, (@)t,M t LG (“)tl } e 2
0 (a)t >0 (a) t,* 0@ @t )+/1(t3+t4)2 O (@)t +t,)°
0 3 4 2 6
{A _ifﬂb % } @
T2 2 2

And

M
b AC T P RL 4P, MR(tl)]+%

K:E[C+ P (at, +

{9 (O;)atl % (“)(z l)Atl + Ag ;t(f‘) (ZR) + PR +24° +22°R(t) + 227 ~2) |+

(e(am e(a)tlJ eo(ooBzR(tl)z+M(eo(a)R(tm_90<a)2R<t1)5j_
CDC

3 15 2 3 15
T | 6(@)R(E)’M {tl+60(a)t13} o
6

2
o (R(t) )" AR()+t)
Cor M(eo(am(tl) _G(a)'R() } O ERE 3
3 15 _go(a)(&(t4)+t4)4
8

CTHP {ag _ag @t (b —1)A( PRBCACL J A {_ 20 (@)

6 y) 3 2
6,(a) 6, <a>j _G@RW) 4, (a)}

+R(t1)(2+ 2 PE PE 12
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R A{(l e;a)]m) IR 2eo(a;R(t1>3{uzeow)—eo(a)jR(tly

A2 61
‘90(05) 5
5 R(t,) H
R (90 (@’ 6, (a)zt{‘] +0,()Bat, + M [90 (@)R(t)* Ho(a)zR(tl)“J_
Coc 2 12 2 12 ,
T 0,()R(t)M {T-l i Al o (a)tl } e h(@’/2
AR (t,) +t,)°
2 2 4 (R1(t4)+t4)+—_
Hua | (90 (@R(t) _ Gy(@)*R(L) } 79, (@) 2
T 2 12 eo(a)(Ri(tzi) +t4)3
6
Co [ AR(L)" at; A(-D) . G1)
T 2 2 2

According to equation (30) contain four variables t;, t,, t; and t; and these are dependent variable and
related by equation (19) and (20). Also we have K > 0, hence the optimum value of t; and t; which minimize
total average cost are the solutions of the equations

K _omd X o (3

1 4
Provided that these values of t; satisfy the conditions

K . K K K K Y
5 >0, 2>0and e >0
ot ot oy o, \aya,
Now differentiating (31) with respect to t; and t4, We get
oK _ b et
6tl =2 [C P (at, +——) + P Rt + P MR(t,)](1+ R'(t, ))
Oy(@)at] G (@)b-DAL Aj(a)
2 A 227
(1+R'(t))-
R % (o)t _ go(a)ztls " Gy (@) BzR(t,)* +M Qo(a)R(tl)3 _ eo(a)zR(ti)s _
Cpoc ¢ 3 15 2 3 15

T2 | G (@RE)*M [, (| e re
2 b+ 6 €

(A°R(t)°+ 2°R(t)* +24° + 24°R(t,) +24° - 2) |

(1+R'(t,))

3 15

+C.:|.DzR (Rl(t4)+t4)2 +1(R1(t4)+t4)3 (l+ R'(tl))
AG, () 2 3

M (%(a)R(tl)s 6, (afR(tl)SL

_ O (@R (t,) +1,)°
8
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—ﬁHatl— a,@)t (b—l)A[ e 00<a)th+ A {_ 26,(c)

2 6 A 3 A
+R(t1)(2+90(a>_%(g))_%(a)ie(tl) 9(3)}
A A A A
Al 6@ 2 20,(@)R()*  (2470y(@)=6,() V3 s s
+4 {(1 & jR(tl) 7RGy - 2210 +f 2 ]R(tl)
R, (90 (Z)tlz _% (gtﬁ j+ 0, (a)BzR(t,) +
_Gy(a) e \y_ _ Crc G ()R(t)*  G(a)*R(t)" :
5 R(t,)° H(1+R t)- - = M( > - o j— (1+R'(t,))
0 (a)t M {tl'F 9 (a)t } —Ho(a)tlz/Z

AR, (t,) +1,)°

2 (1+R(1,))

Hia |y [00 (@)R(t)’ _ 6(2)’R(t)

s (R.(t,) +t,) +
T? 2 12 j (@)

_ G (@)(Ri(t,) +t4)3
6

G AR MDD el )

+?[PCP (a+bAe™)+P..R, +P,MR(t)] +%

O (@)b-DA _ AG,(@)
p) 22

0,(a)a 32°R(t,)* R'(t,) + 2A°R(t)R'(t,) +2A°R(t,) |+
[o t+ (32°R(L)*R(t, LR’ )]

3 3 2

" (390 (@)RL)’R'(t) 6 (a)’R(L)* R'(tl)j_
3 3

T |24, (a)R(;)R'(tl)M {q O (Z)tf' }e_mz/z N (a)Rz(tl)z M {1+ 0, ((;)tf }e_wg/z s

_ 920 (a) tl R(t1)2 M {t]_ + 00 (CZ)tl3 }e—eo(a)tlz/Z
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Here we obtain two simultaneous non-linear equation in of t; and t; can be find out optimal value by using some
suitable computational numerical method and the optimum value of t,, t3, I, I, and minimum total average cost
‘K’ can be obtained from equations.

V.  Special Cases:
Case | : If b = 0 then the discussed model convert to production inventory model in which production rate is
constant and independent on the demand.

Case Il : |If 90 (OL) =0 then the discussed model reduces to production inventory model with out
deterioration
Case Il : 1fA = 0 b =0 the model reduce to uniform production rate and constant demand.
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VI.  Conclusion
In the proposed model a production inventory model is formulated for random deteriorating item with a

increasing market demand rate with time and production rate is dependent on the demand. Result in this study
can provide a valuable reference for decision markers in planning the production and controlling the inventory.
The model proposed here in is resolved by using maclaurin series and cost minimization technique is used to get
the approximate expression for total average cost and other parameters & some special cases of model are also
discussed. We derive an expressions for different cost associated in the model. We derive equations, solution of
these equations gives the optimal cycle and optimal cost of repairable items. A future study will incorporate
more realistic assumption in the proposed model.
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