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Abstract:

An inventory model with ramp type deerd rate is developed. The time varying
deterioration rate is taken into consideration.eehdifferent cases are discussed according to
the variations of demand rate. The objective of study is to find the optimal policy for the
system developed. A numerical assessment is daliesioate the proposed model and
sensitivity analysis is also performed to validdwe results.

1. Introduction

Most of the traditional research articles are depetl with the assumption that the goods in
inventory always conserve their physical attribuddsch is not true in general. In real life
situations, many products like; fruits, vegetabtasdicines etc. deteriorates over time. Initially,
Ghare and Schrader (1963) proposed a model witlorexyially decaying inventory. This
model was extended by Covert and Philip (1973) lonsidering Weibull distributed
deterioration rate. Later on, Raafat (1991) andabaynd Giri (2001) provided assessments of
literature on deteriorating inventory models. Fooren aspects one can refer to Teng et al.

(2005), Wee et al. (2009), Yan et al. (2011) ankkigaet al. (2012).
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Many practical experiences reveal that for fashitmar seasonal products demand increases

with time, after some time it becomes constantthed it decreases with time. But, most of the
classical inventory models are developed with @amtstlemand pattern. Donaldson (1977)
proposed an inventory model with linear trend imdad. Dave and Patel (1981) and Bahari-
Kashani (1989) established inventory models withetiproportional demand rate. Hill (1995)
discussed inventory models for increasing dematidwed by level demand. Later, Lin et al.
(2000) discussed a model with time varying demand alowing the model for shortages.
Manna and Chaudhuri (2006), Skouri et al. (2009yvjied inventory models with ramp-type
demand rate. Recently, Singh and Sharma (2013)aj®a an inventory model with ramp-type

demand pattern and two-level trade-credit financing

2. Notation and Assumptions

The following notations and assumptions are usettueloping the model:

Notations

T The constant scheduling period (cycle)

t The time when the inventory level reaches zero

SThe maximum inventory level at each schedulingqueri
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¢ The inventory holding cost per unit per unit time

6 The cost incurred from the deterioration of oné un

w« The time point that increasing demand becomes stead

y The time point, after, until the demand is steady and then decreasid The inventory

level at timet [1 [O, T].

Assumptions:

(1) The ordering quantity brings the inventory leveltopthe order leveS Replenishment
rate is infinite.

(2)The deterioration of the item is distributed as MUl (a, b; and is given
byet) = abt*(a>0,b>0,t> 0). There is no replacement or repair of deterioraieits during
the periodT. Forb = 1, &t) becomes constant.

(3)The demand ratB (t) is a time dependent ramp-type function and isheffollowing

form:
f(t)=a+bt, 0O<t<y,
D(t)=1 f(u)=a+bu=gly) us<t<y, (1)
glt)=a-ht y<t
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wheref (t)is a positive, continuous, and increasing fworctoft, andg (t) is a positive,
continuous and decreasing functiornt of

3. The Mathematical Formulation of the M odel

The replenishment at the beginning of the cycledwithe inventory level up % During the
period (0,t,) inventory level decreases due to demand andidetBon and falls to zero att;.

Consequently, the inventory leveél(t), during the time interval<G<t;, satisfies the following

differential equation:

A0 o ()=-0(). 0stst, 16)=0 (1)

The solution of this differential equation is afled from the relation
betweert,, u, andy through the demand rate function. Since the derhasdhree components
in three successive time periods, the following esas(ix;<u<y<T, (i) u<t;<y<T, and

(i) p<y<t;<T must be considered to determine the total casi #hen the optimal

replenishment policy.

Case (I< g < )< T). In this case, (1) becomes
d;—gt)+abtb‘ll (t)=-(a+bt), Osts<t, I(t)=0. (2)
The solution of (2), is
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b+1 2 b+ 2

The total amount of deteriorated items during {ist

D =1(0)~/4 (a+ht)dt

2:b+1 2 2
D= at1+atl +bt12+ﬂ - at1+ﬂ : 4)
b+1 b+2 2

The cumulative inventory carried in the interval fQis

1, =131 (t)dt

2
Ilz—latf+—a tf*z(—l —1] —gtf+ ab tb*3( 1 -1)

2 b+1' (b+2 b+2" (b+3
+a2t1b+2( 1 1 j_,_ a’ty . +a_btf+3(i - ij (5)
b+l b+2) 2(b+1f 2 \b+l b+3

The total cost is the sum of holding and deterioratosts and is given by

TG ()= gL+ ¢,D (6)

Case 2 (u<i< )<T). In this case, (1) reduces to the following two:

d('j_(tt)+abtb—1| (t)=-(a+bt), ost=pl(u)=1(u") (7)
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S Habt |(t)=-(a+by), Ostst,I(t)=0 (8)

Their solutions are, respectively,

2

I(t):e—atb[a(lu_t)_'_ba_(ﬂbﬂ_tb+1)+g(lu2_t2)+baTbZ(/1b+2_tb+2)

1
s (=) 2 -] ©)
1) = (a+ b,u){(tl —t) +bi+1 (to —tbﬂ)} (10)

The total amount of deteriorated items during

D=1 (o)—tiD(t)dt =1 (0)—(ZD(t)dt+tle(t)dtj

2, b+l

_ a~u b,u2 ab o _ @ (b
TN T2 T +(a+hu)[(§ e VA )}

-[awb—gzj—(amy)(tl—u) (11)

The total inventory carried during the interval

= [ (E)dt=[41(t)dt+ %1 (t)dt
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B ,U_2 a? 1”2 ot a? ., (a+bu).a; ., .
A et 2 s prs AT a) (b+1) (i)

a.21ub+2 _ a3/123+2 _ abﬁ1b+3 a2t¥1 D+ 3 _ al.:Lb+l

“(o+1)b+2) (b+1)(2b+2) (b+d(b+r3 (brI( b+ 3 br 1

(2 bu2) (- ) +a2(a+bu)ﬂ2b+2+(a+b,u)|:f1(tl - ( 2] [ﬁiﬁl

(b+1)(2b+2)
'[1b+2 ,ub+2 at, o+ _ o4 tf+2 -y aztfﬂ b+l _ b+l
_ -~ - + - -
(b+2 b+2 b+1( #) b+2 b+1(l #)
a2 t2b+2 ,UZb+2
_ 12
b+1(2b+2 2b+2 ( )

The inventory cost for this case is
TCy(ty)=c1l1+c,D (13)

Case Ju<y<t;<T). In this case, (3.1) reduces to the following three:

d;—gt)+abtb‘ll(t):—(a+bt) ostsp, 1(wr)=1(x") (14)
d('j—(tt) +abt1(t)=—(a+bu), pstsy,l (V‘)= | (V) (15)
dlj—(tt)+abtb_ll (t)=-(a-bt), y<t<t,I()=0. (16)
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Their solutions are, respectively,

2

I (t) g Ha(,u—t)+ﬁ(tub+1 _tb+1)+g(fu2 _tz)_'_basz(’umz _tb+2)ﬂ

+f (ﬂ)[(y—u)+i(y‘”1 - ﬂb”)}

b+1

2

a
el "

b+l a)_D(.2 ab (. +2
v Sl an

2

0= 10 (-0, 25l ol )+ 2 )

b+1

Bgop)- 2 [ ) 18)

1(t)=e®" [ (a—bx)(1+ af’)dx, USTSt

t

_ gt _ax+ a’x*™ _bx _ abX"?
b+1 2 b+2

t

2 —_

The total amount of deteriorated items during,J@st

D =1(0)-JD(t)dt =1 (O)—(I{{ (a+bt) dt+£(a+ by) dt+ % (& b) da

39



International journal of Engineering Research | SSN:2348-4039
& Volume-1,Issue-1
M anagement Technology January 2014

[JERMT

2, b+l

_ au bluz ahy? @ (o pu
=ap+= Lo e S (ak ) | (- )+ 1(1/b 1)

2

a
+a(l_/'{)+b+1

(t1b+1 _ ub+l)_g(t12 _ uz) ba-;-bz (tb+2 'ub+2)

2

(o 2 |- by -0) - £-7) (20

The total inventory carried during the intervak{p,using (17), (18) and (19) is given by

I, =T80 (t)dt =T 1 (t)dt+]7 1 (t)dt+]20 (t)dt

2 aZ . b+ ab .
{8 Bt e e

+a(21?1)(yb+1_ﬂb+l)ﬂ+a tl V,U"‘ ) (1 yz) bibz
(tlb+2 ) yb+2) a3,ub+2 3/Jb+2 33 L o), a2 ab,ub*3

b+l  b+2 (b+1) b+1)(20+2) 2(b+1)

abth+3 ~ a2b ,UZb+S aSb Iu2)+3 aZb l2b+3 ~ aIb\‘-l _
"2rd (02 (0r] (v A (D3 o r § b 12 HUTH)

g e ) R ()
) ) las o) -2

2\, ala+ +1 a+ by yb b+2 a’
(yz—,u)+ (b+f'U)yb (v=u)= ! (b+)1()(b+2) ) +at=y)(v- )+bT1
O (e a B L Rt

s b+1+(a+b:u)a b2 b+z_az(a+ l;u)ybﬂ br1_, bd) é(a*' )
(v -um) (vo2-u™?) (1) (> i-p )=
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(yzmz -y j _ ( a’ )(yb+1 _ ﬂb+1)(t1 _ y) _ <':le\tf+1(yb+1 - ,Ub+l)

2b+2 b+1 (b+1)

3Vb+1 (yb+1 _,ub+1)+a_b tlz (yb+1 _’ub+l)_a_by2 (Vbﬂ _,Ubﬂ)

"oy 2 (b+1) 2 b+1

a’b - (yb+1_lub+l)_ a’b v e o B
+(b+2)tl (b+1) or2” ri=pen)raste-y)

2

a tb+2 yb+2

tf+l(t1 - V)"' (b+1)(b+ 2)

—%(tf —y2)+( a

b, _ b
b+1) _Et1(t1 y)+2

2

(tf_ys)_ ab pop ab(tb+3 +3) a’t, (pn ), @&
3 b2t . (b+2)(b+3) (|o+1)(t e (b+2)

- _a3tb+1 (tb+1_yb+1) a° (t2b+2_’u2b+2) abtf -
) e S TN () v e v L

_a_b (t1b+1 _,ub+l)+ azbtf+2 (tlb+1 _,Ub+1) B a%b (t12b+3 _ yzb+3) (21)
2 b+3 b+2 b+1 b+2 2b+3

The inventory cost for this case is

TG,(1)= 61+ 6, (22)

Finally the total cost function of the system taktess following form:
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TC (L) if t,<u,
TC(t)=1TC,(t), if u<t, <y, (23)

Tcs(tl): if y<t,

Now, our objective is to minimize the total cosC(Tt,)) of the system. The optimal total cost

(TC (&) is min{TC (1), TC,(1). TG( 1)} -

4. Numerical Example

The example, which follow, illustrate the resultlganed.

Example: The input parameters ace= $4 per unit per yeac, = $4.5 per unity = 0.11 yeary
=0.85,a=20,b=2,T =1 year, Agair; = 0.8 the optimal ordering quantity@ = 35.59 and
the minimum cost iIFC(t; ) = 2312.805. The convexity of the total cost iewsh graphically in

Fig. 1
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Fig. 1: Convexity of the total cost TC w.ri. t

Table 1 : Sensitivity analysis.
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Parameter % Changet, Q TC(t,)
-50 0.844 3552 2267.686
C1 -20 0.823 3551 2294.868
+20 0.783 35.44 2344.073
+50 0.764 35.38 2364.638
-50 0.800 35.59 2311.758
C2 -20 0.800 3559 2312.015
+20 0.800 35.59 2313.270
+50 0.800 35.59 2313.985

Concluding Remarks

In this paper, an inventory model for decaying genas been studied. It is assumed that the
demand rate is time dependent and a ramp typerpattehree branches has been used. The
model is more realistic as Weibull distributed det@tion rate is taken into account. The whole
concept of this model is illustrated with a numariexample and sensitivity analysis is also

performed.
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