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The Modification of EOQ Model under the
Spare Parts Discrete Demand:
A Case Study of Slow Moving Items

Sakon Wongmongkolrit, and Bordin Rassameethes

Abstract—Generally, EOQ inventory model is well
known as an approach using for inventory control and
spare parts stocking policy. However, EOQ model is
basically thought on the basis of continuous demand.
But for the discrete demand, EOQ model may not
perform. This research study will be used for
explanation about the constraints of EOQ model with
discrete demand or slow moving items. According to this
study, the modification of EOQ model is originally
studied by based on spare parts discrete demand. This is
the study of forming the extension of EOQ model
conforming to discrete demand. In addition, the
modification of EOQ model will be proved in according
to test against real equipment. Hopefully, this study will
be used for fulfillment a little niche of EOQ model. And
it will be the new direction and wuseful for all
manufacturers exploiting this model as an inventory
management policy.

Index Terms— discrete demand, spare parts, slow moving
items, EOQ model, inventory cost

I. INTRODUCTION

The order size that minimizes the total inventory cost is
known as the Economic Order Quantity (EOQ). The
classical inventory model assumes the idealized situation
shown as Fig.1, where Q is an order size. Upon receipt of an
order, the inventory level is Q units. Units are withdrawn
from inventory at a constant demand rate, which is
represented by the negative sloping lines. When the
inventory reaches the reorder point (ROP), a new order is
placed for Q units. After a fixed time period, the order is
received all at once and placed into inventory. The vertical
lines indicate the receipt of a lot into inventory. The new lot
is received just as the inventory level reaches zero, so the
average is Q/2 units [1].
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Fig. 1. Classical inventory model concept.
Source: adapted from [1].

According to Fig.1, this is the classical inventory model
concept. The optimal lot size Q" is concerned in order to
minimize the total inventory cost. To obtain the minimum
total cost, the lot size Q" is equal to:

25D
o )

Q =
Where: S is ordering cost per order.
D is annual demand in units.
C is part unit cost.
I is annual holding cost as a fraction of unit cost.

Indeed, the lot sizing techniques is developed for
continuous and independent demand items such EOQ
assume that demand occurs with certainty as a constant rate,
whilst discrete demand occurs at discrete intervals or points
in time rather than continuously over a time horizon.
Demand requirements are usually time-phased in equal time
increments over a finite time horizon. Uneven or lumpy
demand requirements occurring over a finite time horizon
complicate the lot sizing decision such as the utilization of
spare parts consumptions or spare parts demand [1].

Il. RELEVANT LITERATURES AND RELATE WORKS

In area of inventory control study, several works and case
studies in literatures on the inventory management decisions
were applied EOQ model such as [2-6]. Almost of previous
studies of EOQ model is possessed by continuous demand.
Whilst, the studies of discrete demand are almost conformed
to MRP approach such as Lot-for-Lot ordering [7], Wagner-
Within algorithm [8], Least Period Cost model [9], Least
Unit Cost model [10], Silver-Meal algorithm [11], etc.

In general, EOQ model is developed for continuous
demand and it is never thought by based on entire discrete
demand. However, a lot of previous studies of materials
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control for maintenance actions are still applied the EOQ
model by the assumption that spare parts demand is
continuous pattern such as [12-15]. Because of EOQ model
is simple and easy to understand then it is still popular to
use than the other approaches which are the complicated
model with difficulty using or hard to implement. Actually,
almost of spare parts consumptions look quite similar to
discrete pattern rather than continuous pattern.

According to this study, the modification for EOQ model
is originally thought by based on the entire discrete demand.
A case study will be reflected to real equipment. The
followings details are the explanation about these matters.
Additionally, the independent demand items will be also
considered in order to meet it variations. Then, this is our
believing that is a cognitive thinking to establish the original
context to be sustained the extension of EOQ model.

I1l. OCCURRENCE OF SPARE PART DEMAND

Firstly, the cognitive thinking about spare parts
demand should be considered in term of equipment failure
rate and mean time between failures.

A. Failure occurrences

Equipment (or part, device) failure will be happen on
anytime, and it is to be the probabilistic pattern under the
exact standard deviation (o) with average time of failure
occurrence (or mean time between failure: Mrgg).
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Fig. 2. Occurrences of equipment failure

According to Fig.2, equipment (part) may probably be
failure on anytime. The failure pattern is probabilistic. So,
time between failures at time t (TBFt) is equal to average
time of failure occurrences plus failure variation as:

TBFt = MTBF t Qo 2(a)
Where: ¢ is multiplication number of standard deviation.
If time between failures is falling into low failure rate
period, then time between failures is:

TBFt = MTBF + ¢po Z(b)

If time between failures is falling into high failure rate
period, then time between failures is:

TBFt = Mygg — Qoo 2(C)

If there are k identical parts in the system then mean time
between failure of the system (6) is become to be:
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k
And, time between failures of system (TBFs) is:
TBFS =0+ @Cs (4)

Where: o5 is failure standard deviation of the system.

B. Demand of spare parts

Spare parts demand (D) comes from equipment failure. It
can be measured as frequent times of failure occurrences
within annual that is called as failure rate (1), and equal to:

D=1= 1/MTBF (5)

If there are m units of equipment (or parts) which are
simultaneously changed within same time such as changing
of 2 batteries, or double driving belt are simultaneously
changed. So, demand of spare parts is:

D=mA (6a)

If there are k identical equipment installed in the system
then (6a) can be re-equated as:

D=mkA= % (6¢)

C. The discrete demand

Basically, slow moving item (or discrete demand) can be
implied as non-continuous pattern. Or, parts (devices) are
scarcely used. Indeed, the exact separation between discrete
and continuous pattern (of demand) is not surely defined.
But there are too many text books, articles, case studies
which were given the definitions of discrete demand in
many different types or several formats such as parts which
are consumed less than one unit within an annual [16-17],
items withdrawal less than one item in a quarter [18], part
has been issued or sold at least one within last one year [19],
an item where the mean time between demands is much
longer than ten times of average lead time [20]. However,
our point of view is to go along with the definition of [20].
Or, the equation can be shown as: Mgg/k (or 6) > 10-L.

IV. INVENTORY MODEL

A. General EOQ model

According to Fig.1 and (1), purchasing quantities (Q") of
EOQ model can be rewritten in term of failure rate as:

* 2Smkr
= 7
Q ol (7
Where: A is annual failure rate.

m is equipment with simultaneous changed.
k is amount of identical equipment in a system.

The Re-Order Point (ROP) is ordered at equipment (or
part/device) delivery lead time (L). And, total inventory cost
composes of spare part ordering cost and holding cost:

TCeoq = Ordering cost + Holding cost
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B. The Extension of EOQ model

Basically, if spare parts demand is the discrete pattern,
then general EOQ model may not perform. Supposedly,
there are 4 sets of circuit breaker installed in the system with
Mrge of each breaker is 20 years. So, annual demand (or
failure rate) is 0.2 sets. Whilst, unit price of circuit breaker
is 30,000 Baht, ordering cost is 10,000 Baht, and fraction of
holding cost is 4 percent. Thus, purchasing quantity is equal
to 2 sets (if it is calculated by using general EOQ model).
For this case, every ten years will purchase 2 sets of breaker
(or one set of circuit breaker have been used for every five
years). Recall to (8), total inventory cost is:

TCEOQ = s{ m'i”}u [Q—]
Q 2

=1,000+1,200 = 2,200 Baht per year
Or: TCegoq = 44,000 Baht per 20 years (or Mrgg)
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Fig. 3. Consideration for Holding cost

According to Fig.3, each gray block is represented by
parts stocking (or holding cost) which is equal to material or
spare part unit cost (C) multiplying by holding cost fraction
(). Thus, each block is equal to 30,000*0.04 = 1,200 Baht.
There are totally 30 blocks, so total holding cost is 36,000
Baht per 20 years (Mrgg). During 20 years, circuit breakers
are equally purchased by 2 times (year O, and the end of
year 10). Then, ordering cost is equal to 2*10,000 = 20,000
Baht (for 20 years). Consequently, total inventory cost is
56,000 Baht. This value is not as same as the previous.

If n is defined as the optimal purchasing quantity. So, the
extension EOQ model can be shown as the followings:

Total Cost = Ordering Cost + Holding Cost

Tc :S%+CI -m{ii}(MTBF)

i=1 n

spgje

:35+C|-m-[”7+1j-MTBF 9)
n
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DWT TC to n: ddT—C and set it as zero, then:
n

dTC :_S_k’LC"m(MTZBFj:O

dn n2
Thus: n= \/ 25k = J 25 (10)
C ImMTBF Cimé
And:  p=j*m (11)

Where: p is actual purchasing quantity.
j is the rounding number of n,
Or: jis actual purchasing lot-size (of m units)

According to (9), ordering cost is 20,000 Baht, holding
cost is 36,000 Baht, and total inventory cost (to have circuit
breaker as spare part) is 56,000 Baht.

C. The modification for the extension of EOQ model

Practically, the exact time of equipment failure cannot be
surely known. Then, new part(s) will be replaced when the
existing part(s) is breakdown. And the average purchasing
time is still equal to mean time between failures.

Inventory
1 1
|" | Critical
DR - I B B v part
g . Safety stock -
g —— Non-
0 i ! i ; ) ! et + Critical
it BB 1 Stock-outd¥. part
See sec. A iSeesec. Br i v |
0 0 0 0
, |
¥ Y ,
. ns L m
0 0 —>i | -—
Section A Section B

Low failure rate
Normal failure rate (Average)
High failure rate

[ Part(s) holding
Part(s) shortage

Fig. 4. Consideration for Equipment failure

Regarding to EOQ model, spare parts can be separated
into 2 groups as critical part and non-critical part. The
critical part is an important part in system, and should have
the safety stock for ensuring that part(s) can be in hand at
all. Otherwise, non-critical part is an unimportant part in
system, and parts can allow being shortage (no safety
stock).

According to Fig.4, new order (replenishment) can be
delayed until spare part(s) is empty (for non-critical part)
and new order will be purchased at period after spare part(s)
stocked-out. Or, new order will be purchased when spare
parts are touched safety stock (for critical part) or period
after safety stock is begun to use. By this way, total holding
cost will be reduced at all.
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Recall to (9), if it is considered by applying Fig.(4), so
this equation can be rewritten as:

TCEOQ = S(KJ +Clm (”7‘1] -MTBF (12)

n

Note: The explanations and example case study for (10) and
(12) are shown in appendix 1.

DWT TCegoq to n and set it as zero.

: dTCﬂ:—SLJrﬂmMTBF =0
dn n2 2

”_\/ 25k _J 28
C ImMTBF Clmé

Refer to (12), this equation will be true when spare part
lead time is very short (or assumed to be zero) if compare
with system mean time between failure, (Or L << 6). And,
purchasing lots (or n) must be over than one (n > 1). So, lot
size of purchasing is same as previous but total cost is not
same. Particularly, term of holding cost is always reduced,
because part can be allowed being shortage (for non-critical
part), or safety stock is firstly used (for critical part).

Then

The purchasing quantity is referred as (10). Safety stock
is issued by based on failure variation, and it must conform
to discrete pattern then Poisson distribution is applied.
Hence, the variation of equipment failure on lead time is:

Px(t = L):(’ls)'(—lL)xe—is'L (13)

For this case, safety stock (SS) is always based on failure
rate during lead time which is equal to parts usage during
lead time plus its variation that is equal to:

SS = m-(1+ Px(t = L)) (14)

Where: SS is safety stock.
Px is probability of occurrences.
As is system failure rate.
X is probability of occurrences.
L is equipment delivery lead time.

Note: The example equipment and numerical result is
shown in next section.

Whilst, Re-Order Point (ROP) for this case is equal to
safety stock, because this concept is thought by based on
parts borrowing from safety stock. And after replenishment,
parts will be refilled back to the safety stock.

V. APPLICATION

Indeed, the most important useful of this study is “How
can this concept be applied to spare parts inventory
management?”, and this concept can be used for reducing
the complicated thinking about previous studies. Therefore,
the contributions to knowledge of this study are:

1. The Re-Order Point and Purchasing Quantity
2. The Safety Stock concept.
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These two contributions to knowledge can be illustrated
as the followings:
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Fig. 5. Extension of EOQ model for critical part
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Fig. 6. Extension EOQ model for Non-Critical part

Regarding to Fig.5 and Fig.6, there are two cases for
considerations. The first case is inventory management for
critical part and the second is inventory management for
non-critical part. For the critical part, safety stock is applied
as it buffer, while non-critical part is not (or parts can be
shortage). Both of them are still applied with concept of
Extension EOQ model (which is shown in previous section).

VI. NUMERICAL RESULT

The case study is spare parts for automatic baggage
sorting machine (which is called as Tilt Tray Sorter) of the
Baggage Handling System in Suvarnabhumi International
Airport, Bangkok, Thailand. Three equipment are the
examples as Auxiliary Switch 1no/1nc (for circuit breaker),
Battery (for PLC), and under voltage coil (230VAC). The
automatic baggage sorting machine composes of 4 closed
loops of Tilt Tray Sorter. Whole system composes of 12
pieces of auxiliary switch, 4 sets of PLC (each PLC needs 8
cells of battery for backup), and 8 sets of under voltage coil.
The equipment details with variables are shown in table 1.
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TABLE | TABLE 111
Equipment details and Variables Summary of Inventory control
Equipment Result ~ Optimal Actual Actual Safety  Re-Order
Variable Uni Lot Size Lot Size Purchasing  Stock Point
Auxiliary ~Battery  Under Equipment () () ®) (SS)  (ROP)
contact (for PLC) voltage Auxiliary when
Unit price (C) Baht 975 750 3,250 contact 3.698 4 12 9 parts
1no+1nc thouch SS
Amount of parts in . when
the system unit 12 eachs 32 cells 8 sets Battery 0.667 1 8 16 arts
(for PLC) thguch SS
Number of identical .
unit 4 4 4 when
parts (k) Under
. 1.569 2 4 6 parts
Usage per each uniit 3 8 5 voltage coil thouch SS

changing (m)
Table 3 is represented the inventory management for each

Lead time (L . .
© day 20 3 28 equipment. All parts are supposedly to be the critical part
Mean time between then safety stock is issued in order to meet failure variation
failure (Mer) year 10 5 10 during lead time (see table 2).
Systemmean time
between failure (0) days . 57 456 APPENDIX
Ordering Cost (S) Baht 1,500 250 2,000 Firstly, the thinking about the lowest total inventory cost
i o for general EOQ model and extension EOQ model will be
Fraction of % of 0 0 0 ) . .
Holding Cost (1) unit cost 3% 15% 10% issued in term of the comparison between both models. The
Note: Currency is 30 Thai Baht per 1 US$ (on June, 2011). example equipment is the under voltage coil which can be
shown as:
TABLE II
The safety stock for each equipment
N(.)'Of . . Cost
' Sy_stem Failure Proba?uny Cumulatilve Safety 35,000
Equipment  failure occgrences 0 or Service stock (ea) — . = Ordering Cost
rate  duringlead = occurences - level 30,000 \ ——— HC (Gen.EOQ)  «esveves TC (Gen.EOQ)
time »5000 | \—— HC(EX.EOQ) = = =TC(Ex.EOQ) |
0 09780 09780 3 ’
20,000
Auxiliary 1 0.0217 0.9998 6
contact ~ 0.400 2 0.0002 1.0000 9 15,000 +
tno+inc 3 00000 10000 12 10,000
4 00000 10000 15 5,000
0 0.9934 0.9934 8 0 '
1 0.0066 1.0000 16 b~ - 1 157 2 3 4 (©rj)
Battery .60 2 00000 10000 24 >0 -
(for PLC) : : : 10000 L Non-practical (n < 1)
3 0.0000 1.0000 32
4 0.0000 1.0000 40
0 0.9694 0.9694 2 Fig.7. Plotting of Ordering cost, Holding cost, and Total inventory cost (for
Under under voltage coil equipment) against n lots for EOQ model.
voltage 1 0.0302 0.9995 4
coil 0.400 2 0.0005 1.0000 6 _Accordmg to_Flg.7, this is t_he plotting of under voltage
(230 coil. The ordering cost, holding cost, and total cost are
VAC) 3 0.0000 1.0000 8 plotted against n lots (or j). Full gray line is represented the
4 0.0000 1.0000 10 plotting of holding cost, and dot gray line is represented the

plotting of total cost for general EOQ model. Whilst, full

Regarding to table 2, safety stock is calculated by using  black line is represented the plotting of holding cost, and
(14). For this case, if the required service level is long dot black line is represented the plotting of total cost
supposedly equal to 100 percent then the gray stripe is  for extension EOQ model. And short dot black line is
represented the safety stock for each equipment. represented the plotting of ordering cost (It is the same
value for both of general EOQ model and extension EOQ

model). The lowest total cost of general EOQ model is same

point as extension EOQ model. At the lowest total cost for
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extension EOQ model, the holding cost is not equal to

ordering cost.

Lot size (n)
5.0

4.0

3.0 1

2.0 1

1.0 1

0.0

Mate riaFunit cost (C)

0 4000 8000 12000 16000

Fig. 8. Simulation of Lot sizing against Material unit cost.

Fig.8 is used for confirmation about the material unit cost
which is more than the break-even point, thus it will let the

optimal lot size (n) to be less than one.

Total Cost
10,000

Non-practical area (n <1)

8,000 A

6,000 |

0 2,000 4,000 6,000 8,000 10,000 12,00014,000

.. C.
Material unit cost (C)

Fig.9. Simulation of Total cost against Material unit cost.

Fig.9 is used for explanation about the curve of total cost
is turning back (or diminishing return curve) after passed
the break-even point material (spare part) unit cost is more

than C” (for this case is equal to 8,000 Baht).
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