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Framework for Spare Inventory Management
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Abstract—Spare parts inventory management is one of the major
areas of inventory research. Analysis of recent literature showed that
an approach integrating spare parts classification, demand
forecasting, and stock control policiesis essential; however, adapting
this integrated approach is limited. This work presents an integrated
framework for spare part inventory management and an Excel based
application developed for the implementation of the proposed
framework. A multi-criteria analysis has been used for spare
classification. Forecasting of spare parts' intermittent demand has
been incorporated into the application using three different
forecasting models; namely, normal distribution, exponential
smoothing, and Croston method. The application is also capable of
running with different inventory control policies. To illustrate the
performance of the proposed framework and the developed
application; the framework is applied to different items at a service
organization. The results achieved are presented and possible areas
for future work are highlighted.

Keywor ds—Demand forecasting, intermittent demand, inventory
management, integrated approach, spare parts, spare part
classification

|. INTRODUCTION

N maintenance engineering, the cost of spare parts are

tremendous expenditure, and spare parts are very important
for equipment availability, they are significant resources in
equipment maintenance [1]. The principal objective of any
inventory management system is to achieve sufficient service
level with minimum inventory investment and administrative
costs [2]. Accordingly, the trade-off is clear: on one hand a
large number of spare parts ties up a large amount of capital;
while, on the other hand too little inventory may result in poor
customer service or extremely costly emergency actions [3].

In addition, spare part inventory management is a special
case of general inventory management with some special
characteristics, spare parts are considered as very slow-moving
parts with highly stochastic and erratic demands [1], derived
by the different scheduled and unscheduled maintenance
operations.
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Thus, they are different from work-in-process (WIP) and
finished product inventories in inventory function and
governing policies [4].

These and other unusual aspects of spare parts inventories
have led the authors to focus on the following work objective,
which is to develop a general framework for spare inventory
management, develop an Excel based application to support
this framework application, and to illustrate its effectiveness
and practicality using areal-life case study.

The remainder of this paper is organized as follows. Section
2 includes a brief review of relevant literature; in Sections 3
and 4 the proposed framework of spare inventory management
is introduced aong with the developed Excel based
application. In section 5, the application of the proposed
framework to a rea case study is presented and the
implementation results are discussed. Finaly, conclusions are
drawn and areas for future research are suggested.

Il.RELATED REVIEW

The variety of research in management of maintenance
inventories is very broad in scope [4]. To effectively manage
inventories, three steps are needed; Spare Parts Classification,
Demand Forecasting and Inventory Control. Some authors
reviewed previous literature on spare inventory management
such as[4] and [5].

The following sections present the review of the literature
related to the three requirements of an effective spare part
inventory management: Spare Parts Classification, Demand
Forecasting and Inventory Control. Two approaches are
detectable in the literature: considering each of the three
requirements separately and the study of integrating these
requirements. Both approaches are covered in the review.

A. Spare Parts Classification Review

Large number of spare parts inventories makes the
management of inventory items difficult. As aresult, parts are
commonly grouped and special stock control policies are
applied to each group. The most commonly used approach to
classify inventory items is the ABC analysis. Traditionaly, the
importance of a stock item is evaluated in terms of a single
criterion, the annual dollar usage of stock keeping units.

However, other criteria may also play a significant role in
classifying stock keeping units such as lead time, criticality,
stock out consequences, demand rate, etc. In that case multiple
criteria ABC analysis for spare parts inventory is used. This
has been addressed by different researchers [6]-[8] and various
models have been developed to solve multiple criteria ABC
analysisasin [8]-[13].
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It should be noted that special attention has laéen given
to critical class of spare parts; where, demandsfiare parts
can sometimes be classified into critical and notical
demand depending on the criticality of the equiptmizm
production [14]. In addition, failure modes, effecand
criticality analysis (FMECA) has been used for ewating
spare criticality [15].

B.Demand Forecasting and Inventory Control Review

As mentioned earlier, spare parts are charactertzgd
highly stochastic and erratic demands, which améveé by

Moreover, an effective spare parts inventory cdntro
methodology motivated by a case study at a largeebnery
has been presented [20]. The methodology staris parts
classification based on parts criticality, consuoptrate,
price, and lead time; followed by, demand forecagtising
different forecasting methods. Finally, an inveptorodel has
been used as well as an optimization of the systased on
service level.

Finally, the integrated approach to spare partentory
management has also been addressed from a thabgetiot
of view with no application to a real case stud{][2Again,

the  different scheduled and unscheduled maintenanggterent methods of parts categorization have heesented

operations. This type of demand is generally refkrio as
intermittent demand and makes forecasting espgdiéficult.

Traditional time series methods, such as movingagee or
single exponential smoothing are still the most cmmly used
in business practice [5]. Exponential smoothingcetamore
weight on the most recent data, resulting, in tlasecof
intermittent demand, in a series of estimates #nathighest
just after a demand occurrence and lowest justreefemand
occurs again [16].

Other
forecasting intermittent demand such as the onpgsed by
Croston, which forecast intermittent demand takiimgo
account both demand size and the interval betwesmnadd
incidences. However, Croston method has been exghdd
exhibit certain limitations and has been modifiedimprove
its accuracy of forecasts [16]. Furthermore, a fiwedi
bootstrap method has been developed in order ® it
account autocorrelation, which proved to be an evetter
method than Croston for forecasting spare partgrinittent
demand [17].

Finally, different approaches have been reportedigd to
forecast spare parts demand with the objective colirate
determination of stock levels and taking into cdesition the
desired service level. These have been applieccdb qase
studies and showed that better forecasting of tieael demand
can result in reduction of stocking cost and stamkt
probability [3], [18] and [19].

C.Integrated Approach Review

In order to create an effective inventory modelrf@anaging
spare parts, an integrated approach considering
requirements for this effective inventory managetrean be
used. This approach should cover parts classificatiemand
forecasting, and inventory control policies.

An effective method to manage spare part inventowar
three phases, has been introduced and implementedcase
study of an ltalian pasta producer [1]. Where, tie first
phase, a FMECA analysis was performed to clasdlifijeans
based on items criticality. Then, ABC method wasduso
evaluate spare parts consumption rate. Finallypraparison
between demand modeling techniques; Normal, Pqissoch
Gamma distributions, was carried out.

and an inventory model has been introduced fomupétion
of stocking levels.

This brief review of literature showed that few dias
introduced the integrated approach for managingrespa
inventories; hence, an integration of spare clasdibn and
demand forecasting with stock control policies iseded.
Furthermore, practical application of methods tal ases of
spare management is often missing resulting inpabgdween
research and practice.

methods have been developed specifically for

A general framework for planning and managing sypengs
inventory is proposed with an objective of minimigitotal
inventory cost and maximizing equipment availapiliaking
into consideration the desired level of safety.sTinamework
can be used for spare part inventory managemenbdti
manufacturing and service organizations.

The proposed framework presents an inventory cbntro
mechanism by integrating three steps. It startsh wit
classification of spare parts into groups, followeyl spare
parts demand forecasting and; finally, for eachmitass the
suitable ordering policy is defined based on theedasted
demand. Each of these steps has a significant fowlehe
determination of the stock control method.

FRAMEWORK DEVELOPMENT

A.Spare Parts Classification

A multi-criteria approach is adopted in the promgbse
framework for spare classification. Where, itermes @assified
based on the following three criteria: criticaliggnsumption
‘,r:ﬁte, and inventory cost. These criteria are sedettt address
the proposed framework main objectives; safety,ipegent
availability, and total inventory cost.

1) Criticality Classes

Maintenance work focuses on ensuring the continuous
operation of equipment and maximum work efficiendy
ensure this, spare parts are needed. Yet, thdatpridgrhaving
different spare parts may vary. The lack of somaresparts
may cause equipment shutdown and other significant
consequences. The spare part is defined as aatutie as it
critical for equipment operation, expensive wittsignificant
variation in demand and long lead times. Accordingl
availability of critical spare parts stock needsb® ensured
through an effective management method.
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3) Inventory Cost Classes
Inventory management major conflict results maifitym

faélur inventory total cost, usually we prefer to stodknaleded spare

consequences of spare parts, i.e. the most redeongharts however we face the problem of inventory sogbtal

consequences resulting from spare part failure afumction;
what could happen if the spare part is not avaslablstock,
how it will affect the major concerns of the orgeation. The
definition of failure consequences is shown in €abl

TABLE |
DEFINITION OF FAILURE CONSEQUENCES

Organization )
g Failure Consequences

Concerns

Safety A risk on people and environment safety;tpar
failure may result in death, disability or
environmental damage that violates law or
regulations

Equipment The effect on equipment operation consecutively

Operation equipment availability; when a part fails it may
cause total or partial equipment shutdown which
result in less equipment availability.

Equipment A loss in money is always associated with

Downtime Cost equipment unavailability and maintenance work.

Products Quality (if For industrial and manufacturer organizations,

applicable) equipment is used to produce a product and if
one of this equipment is not working properly,
this may affect products final quality.

Customer In service organizations, customers’ satisfaction

Satisfaction (if is the organization main goal and concern.

applicable) Unavailability of some equipment may affect

directly the customer needs.

At the second level, our main target is to spebifyv the
whole system works and the relation between spartes gnd

equipment. Hence, we develop an equipment breakdown

structure and maintenance plan structure. Thecality level
is defined first as combined level then using piyolevel we
can define a critical class of each item.

Finally, at level three, we provide a qualitativeasure for
spare part criticality based on expert judgment mamber of
criticality levels should be established dependinghe size of
the system being considered to reflect the leveboicern.

We propose two categories of criticality levels;ighi
Medium and Low" or "Catastrophic, High, Medium, Lamd
No effect". Accordingly, we first define a combinethss for
each spare part then we assign priority level &mhecriterion
to evaluate the final critical class of the spaaet.p

2) Consumption Rate Classes

Consumption of spare parts is an important criterior
spare part classification. It is used to specifychtspare parts
are more frequently used. The classification schesed is
ABC classification according to Pareto principldhese, class
A includes spare parts with the most utilizatiorrceatage,
class B includes spare with less utilization, addss C
includes spare with the least percentages of atitin.

inventory cost consists of three main componentddihg
cost, ordering cost and shortage cost.

In this study shortage cost is ignored, since hutage cost
is already considered in the criticality classifioa. The
classification scheme used is ABC classificationoading to
Pareto principle.

4)Multi Criteria Classes

The consideration of a number of criteria in clfisaiion
raises a significant problem of conflicting objees; a spare
part may be considered as a critical item with highentory
cost and low consumption rate, which may lead inflaxis
while choosing the stock control method.

Therefore, a management tool for multi-criteria esass
needed. In this framework a matrix-based methodolizg
adopted, which is computationally simple, effectimad easy
to use.

First, a set of consecutive matrices are creatédrey the

number of matrices depends on the number of aiteri

considered. In this paper 3 criteria are used asxample;
inventory cost, consumption rate, and criticaligss.

According to the bi-matrix shown in Table II, iteraee first
managed on the basis of consumption rate and iomeobst
regardless of the criticality level.

TABLE Il
CONSUMPTIONRATE AND INVENTORY COSTBI-MATRIX

Consumption Rate

A Class B Class C Class
> A Class AA AB AC
O +
§3 BClass BA BB BC
g
= C Class CA CB CcC

Then, as shown in Table lll, the bi-matrix develdpe
combined with the criticality criteria. A combinethss is how
defined for each stock item that includes the thrateria.
Accordingly, we can select an inventory policy whibetter
suits the class characteristics as will be desdribedetails in
next section.

TABLE Il
COMBINED CLASSES

Criticality Level

High Medium Low
5 AA AAH AAM AAL
% AB ABH ABM ABL
Ze AC ACH ACM ACL
% BA BAH BAM BAL

© BB BBH BBM BBL
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BC BCH BCM BCL
CA CAH CAM CAL

CB CBH CBM CBL
CcC CCH CCM CCL

The second step is assigning a priority level fache
criterion, priority levels are chosen on systemisal the
present study we propose a general structure forigrlevels;
criticality has the highest priority level. The sfaincluding
spare parts with high criticality level must be gioglly
present at the warehouse and controlled usingysatetks;
regardless of the other two criteria; due to th&astaophic
effects that can happen if they were not available.

The rest of classes will be managed on class basig the
priority levels defined. For example if second ptip after
safety is the consumption rate, items that belengoimbined
class "ACL", i.e. having high inventory cost, loansumption,
and low criticality level are managed using justime policy.
However, items in class "CAM", i.e. having low imtery
cost, high consumption rate, and medium criticaléye
managed using continuous review inventory policgfely
stock policy).

B.Demand Forecasting and Inventory Control

After the definition of all combined classes and #election
of a suitable inventory policy for each class, weeah to
calculate the parameters of the selected invemoligy; such
as, the reorder point and order quantity for edobksitem to
achieve a predefined service level.

The output of these modules is the ordering paditgach
spare part. Furthermore, it can be easily confjimgusers to
match their current business processes and regeitsimr his
section presents a step by step guide through ekelaped
computer model showing its main and special featwfeits
constituting modules.

A.Initial Data Setup

Users start using this application by adding thgaindata
required as shown in Fig. 1.
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Fig. 1 Initial spare parts data entry screen

0

After setting initial data, users can define whatecia and
methods are to be used, as shown in Fig. 2. Restdelect the
classification scheme, whether single or multiesid and the
type of criteria considered. Then they select thethod for
forecasting demand of spare parts. Three methoads

Economic Order Quantity (EOQ) is usually used tqvailable; normal distribution, single exponentihoothing
determine the order quantity and is evaluated @&eeraand Croston method. Finally, they can specify whieports

forecasted annual demand. In contrast, calculdtiegeorder
point requires estimates of the lead time demarkD]L As
mentioned earlier in the literature review sectidlifferent
forecasting methods have been applied to deterthimdead
time demand. In this work, both probability distritons and
forecast techniques are used, in order to arriva abbust
framework that can be implemented in many situatiand
real case studies.

The normal distribution is selected for modelinguspparts
demand as a probability distribution, since it parfs better in
business practice, provides more accurate resals, is
simpler to use. In addition, exponential smoottdng Croston
method are selected as two competing forecastingaus.

IV. CoMPUTERMODEL DEVELOPMENT

An Excel based application for spare part inventory

management has been developed. It provides arntieffeand
user friendly tool for applying the proposed franoekv for

small sized organizations. The main components ref t

application are a startup screen for data inputtanee main
modules for basic operations; spare part classifica
inventory management, and reporting module.

are needed.
3/1/2012 Company Name
9 Main Menu
Classification Module Forecasting Module Reports Module
I Criticality Level IV Craston Method ¥ Total savings
[V Consumption Rate [V Normal Distribution [V mventory Level
¥ Total Inventory Cost [¥ Single Fxponential Smoothing [ Inventory Value
¥ Summary Results

Fig. 2 Main screen

B.Spare Parts Classification Module

1) Criticality Evaluation

We built this evaluation process based on five tioes
concerning the effect of spare unavailability ofega system
operation, downtime cost, products’ quality, andstomer
satisfaction; as shown in Fig. 3.

ar

2192



International Journal of Business, Human and Social Sciences

ISSN:

2517-9411

Vol:6, No:8, 2012
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This module allows users to:

a) Select which questions are applicable. For exangple
product quality may be inapplicable
organization. Furthermore, if the available questiare
inconvenient, the user can add/replace availabés da
maximum of five questions can be used).

b) Assign priority levels for questions. Users can gt
priority levels according to their needs.

c) Choose the criticality level category. The user choose

Bl<6zzl-=l< Sz~ ol
Trxr-rr-rZTITITZE2TIEZEZrcm

22E2TE-~T-rBr-2TITZE -

FE2rzc-2IcZBrToT IR
2r222r-r2-T-2XTI2TT
ITZrZrZ2-CZTCZTIZCZ
rEzzzElzEzEzEzE BT

L

Fig. 3 Criticality evaluation screen

between "High, Medium, and Low" or "Catastrophic,

High, Medium, Low, and No effect".

d) Select if criticality will be evaluated for eachrpar for
each class of parts if needed.

e) Evaluate for each part the combined criticality ssla
consequently, the module will determine its crifiya
class using the defined priority levels.

f) Generate a summary report of the number of sterkst
in each class and its percentage out of the totaber of
stock items.

2) Consumption Rate and Total Inventory Cost Calcatai
The consumption rate and total inventory cost meslalre
carried out in a similar way, using ABC method hsven in

Fig. 4.

3/1/2012 Company Name
9 Consumption Rate
Input Data Part__ Annual Usage %of total Annual Usage_Cumulative Percentage ABC Class Output Data
235 500 6126812771 6.126812771 B
e —— 1 208 4.998479221 1112629159 A
Aclass]  ——Jx 28 381 4.668631331 1579492332 A
250 355 4.350037067 201449603 A
Bclass| ——% 259 350 4.288768% 24.43372933 A L
w0 s maosmss | A || Acks
colass|  —x 206 300 3.676087662 3178590465 A
77 253 3.100167262 34.88607192 A Bolass[ %
[ S 2 216 2646783117 37.53285503 A
Ackass|_—Jx 14 210 2573261364 40.1061164 A comss__ Jx
102 180 2.205652557 22.31176899 A
Bolass|_ ——% 132 180 2.205652597 2451742159 A
) 150 1.838043831 26.35546542 A
com] T e | x| ramssoes amso A
17 17 1433674188 29.25957468 A
31 115 1409166537 50.66874161 A
76 105 1.286630682 519553723 A
14 101 123761618 5315258848 A

However, sometimes the results from the ABC metbaal

be inconvenient for some users; therefore, we added

sensitivity analysis capability, which will updathe results
according to an acceptable range, defined by ugarsach
class. Same as criticality process, the user caerge a
summary report of the number of stock items in edaks and
its percentage out of the total number of stoak#te

in a Service .........

3) Multi-Criteria Analysis
The multi-criteria analysis module shown in Fig. i$
responsible of assigning priority levels for eachtecion
through any of the following alternatives:
a) Users can customize priority level for each crierbased
on maintenance requirements and objectives.

b) Users can use the system default settings, which is

criticality, consumption rate, then total inventaogst.
Using the defined priority levels the module widllculate the
combined class and consequently the final class.

3/1/2012 Company Name
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Fig. 5 Multi-criteria analysis module
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In this module, the inventory policy is selectedd ahe
reorder point, EOQ, and safety stock level areutated.

1) Inventory Policy Selection

Inventory policy can be selected either automdsicat
manually. Based on the classes defined for eadh ite
previous step, the model can automatically seleiriventory
policy; class A and B are managed using continueusew
inventory policy; however, for class C, just-in-gnpolicy is
applied. Furthermore, users can select the invenpoticy
according to their own judgment regardless of thmiclass.

2) Forecasting Demand and LTD Modeling

This module is responsible of forecasting demaratjeting
LTD, and consequently determining the parameterghef
inventory policy; reorder point and order quantity each
item. Of course these values are determined ateaifgp
service level as shown in Fig. 6.

3/1/2012 Company Name
(~) ROP Calculation
Input Data Part Lead Time Average Safety Stock ROP. Output Data
Demand
1 6.46 1586666667 22.26318338  25.72211672
sevicelevel [ % 2 55 0.166666667 | 3.695381198  4.016914532

3 3.58 0166666667 2929938139 3.080438139
4 554 0.082332333 | 5.979130372  6.534685927
s 554 0166666667 1675305942 1738305942
5 3 0.083333333  35.08904632 411405741
7 s 38 0194454365  0.208343254
8 6.45 2.266666667 038850873 0.416686507
5 3.58 0166666667 4073299645 4572432979
10 6.45 0.083333333  0.424605693 0457716811
u 554 0166666667 0223918233 02423349

12 7 0.082332222 | 0.411092042  0.442125079
13 058 0166666667 2488816956 36.88816956
1 13.54 0.083333333  9.319366177  9.819366177
15 05 0166666667 9319366177 9.819366177
16 5 0.083333333 | 8.370234854 8870294854
17 2.58 39 6.040226481  6.540226451
18 10.63 0.083333333  3.188547622 _3.688547622

Fig. 6 ROP calculation screen

C.Inventory Management and Demand Forecasting Module
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A.Reporting Module

This module summarizes all results obtained froendther
modules. Moreover, this module provides a meanvauate
the difference between the three methods used donadd
forecasting by calculating average inventory lewed the
average inventory value for each item.

The average inventory level is calculated basedthen

The data collection includes general informatiowththe
organization, equipment function and hierarchy, nieiance

operations, stock items (number of warehouses, déma

prices, lead time, and current quantities),

management methods, and processes.

responsible persons are conducted to gather floismiation.
The service organization under study consists ddrge

invento

average minimum and maximum level of inventory. Th&omplex that includes a considerable number oftsissed

aspired minimum level is the safety stock; whilee tspired
maximum level is the sum of the safety stock ardEDQ.

The same calculation applies to the inventory \alas
shown in Fig. 7.

3/1/2012 Company Name

9 Inventory Value Report

Methods Inventory Value
Current 55,273 60,000
single Exponential Smoothing
Croston 28,500
Normal 26,482

Inventory Value Chart

msingle Expone ntial Smoathing

Croston

mNormal

store

Fig. 7 Inventory value report screen

Furthermore, the reporting module calculates tetalings
achieved using the proposed methods in comparésoartent
inventory value as shown in Fig. 8.

3/1/2012 Company Name

g

9 Savings Report

Methods Savings Value  Savings %

Single Exponential Smoothing 30768 55.66 5
Croston 2%773 4844
Normal 28791 52.09 56

Inventory Value Chart

Single Exponential Smoothing M Croston i Normal

InventorySavings (%)

Store

Fig. 8 Savings report screen

V.CASE STUDY

A.Problem Definition and Data Collection

In order to evaluate how the framework can be takém
practice, test the developed computer model, dustriate its
performance; the proposed framework is applied toase
study at a service organization. We investigateiientory
management system of this service organizationhegat
historical demand data and their corresponding litiaci
maintenance information then use these data in
implementation of the proposed framework using
developed spread sheet based application.

e

systems used to operate all aspects of the buildiigs

organization has one main warehouse with 6343 jtems

including all materials and spare parts neededn@intenance
and repair. This warehouse is divided into 6 sterageas
according to maintenance systems, e.g. mecharnazk, sheat
ventilation and air conditioning (HVAC) stock, etdcal
supplies...etc. Currently, an enterprise asset manage

system (EAM), a management system for maintenamck a

spare parts, is used. It provides the tool to mareguipment

maintenance and to keep track of warehouses maia da

(transactions, current quantities, reservatiorts.).but it is not
specific for inventory control. Therefore, availaldtores are
managed based on expert judgment whether for gpare
classifications or demand forecasting.

In addition, parts needed are ordered on demaeadno
inventory policy is applied which results in higtock levels
and thus high inventory cost. Accordingly, the mabjective
of this study is to define how much stock is neefltgdeach
item taking into consideration different criteriach as item
criticality, price, demand rate...etc. to ensun kiock levels
associated with high level of equipment operation.

Demand information is collected on monthly basis fo
year (from January 2011 to January 2012) so a tftdl2
periods is available. Demand set is not specifibéther it is
due to preventive or corrective maintenance. Wéuercparts
with negative or zero annual demand. We classdgksitems
in two demand categories, spare parts and consema®pare
parts are needed for maintenance or repair therafay are
characterized with an intermittent demand with agda
proportion of zero values. While consumables aesdusore
frequently to maintain a high level of equipmentergiion
which resulted in a more regular demand with lesp@rtion
of zero values. In the present study, both spams pend
consumables are considered while forecasting demand

According to prices, parts with average price zare not
owned by the maintenance department. Thereforg,atenot
associated with any holding cost, consequentlyethiesns are
not considered while evaluating the inventory model

Interviews are conducted with maintenance engineers

inventory specialists and top management to defieg main

concerns, goals and available resources. We find tioat

safety and equipment operation are the major twzems of
the organization. They give first priority to safeind require a
service level of 95% for equipment operation. Aubadil

interviews are also organized with responsible teaiance
engineers to determine the criticality level ofcétitems.

They choose a criticality level category of "Higiledium

Interviews  with
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B.Findings Summary

Using the collected data and the developed compuaoeiel,
spare classification processes and demand foregastie
carried out; consequently, we calculate the reoptent and
EOQ for each stock item.

However, we still cannot judge the overall effeetiess of
the proposed framework. According to decision mskérey
still do not have a clear picture on which foretasmethod is
better. Hence, performance measurement is cartédiging
the reporting module. For each store we calculgtgmum
inventory level and its value. Furthermore, totaviags
achieved from the adoption of the proposed framkvare
calculated.

Fig. 9 shows that using the exponential smoothimghiod
results in minimum inventory value in comparisonGmston
method and Normal distribution except for store 2.

1,000,000

B Current
Croston

M BExponential
u Normal

100,000

10,000 -

1,000 -

100 -

Inventory Value ($)

10 -~

1 4

Store

Fig. 9 Stores Inventory Value

On the other hand, Fig. 10 shows that for almdsstates,
Normal distribution provided the least inventoryvde
Furthermore, we observe that the majority of stohese
current inventory levels less than the forecastedels,
however their inventory value is much greater, thigesulting
from stocking non critical and expensive spare faftis
result reflects the existing gap between sparegbassification
process and inventory control. Therefore, we caelthat
using the integrated perspective stresses theomlaetween
spare part classification and inventory managenresylting
in less inventory value for the same service level.

100,000

W Current  [xponential

W Normal

Croslon

10,000 -

1,000 -

100

Inventory Level (units)

10 +

Store

Fig. 10 Stores Inventory Level

The results are compared to the current inventalyevand
total savings are calculated for each store. Fiy.ctearly
shows that all proposed methods provide bettelteethan the
current system. Expect for, using Croston methodtame 6,
which does not result in any savings; however,hendontrary
negative results are achieved.

100 f .
‘ M Exponential ™ Croston

Normal

Total Savings (%)

Store

Fig. 11 Total savings

Further investigation of the results obtained ftores 6
shows that it contains more consumables than gmets. In
other words, it has a more stable demand than dhahe
remaining stores. This is why we obtain the leastrgys when
using the exponential smoothing method and eveairodd
negative results when using the Croston methods phoves
that the proposed framework is more suitable to fmse
managing spare parts inventory having lumpy demand.

Furthermore, single exponential smoothing methadiges
the least inventory value as well as the highest savings
with respect to other methods. Savings vary frorfo4r
store 6 to approximately 90% for store 1.

Finally, Croston method, despite its ability to yic® more
estimates of demand per period, has performed thet\wf all
methods, the inventory level was overestimated &mel
inventory value is the highest among the modeld.use

VI. CONCLUSION

Spare part inventory management is a vivid fieldesearch
due to the importance of the items under contrbkirt
influence on the operations and the difference @maind
structure from other stocking items. From the cated
literature review it can be concluded that an iraesd
approach is effective for managing inventory ofrepparts.
Few works have been presented in this subject areh
practical case studies are hardly presented. Thectle of
the current work is to fill in this gap by propogiran
integrated framework for spare part inventory mamagnt and
providing a real life case study implementation.

The proposed framework comprises spare
classification, demand forecasting and inventoryaggment.
In order to facilitate and automate the implemeéotabf the

proposed framework, we develop a spread sheet based

application for spare part inventory management.

part
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