DEPARTMENT OF INDUSTRIAL ENGINEERING
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INTRODUCTION

panies are -Hm-ble of peoviding these spare parts mestolw me
For vehit tryin Turkey, the

demands for at least ten !
for spare parts to be Impartant. hwsednmaﬂk e several features
Firstly. they
Iots of 2o values. Secondly, historical data for spare part demands are
lirviited, Lasthy, there could be high varabiity between non-zerd values.
In the light of these information, forecasting spase part demands is con-
sidered one of the challenging subjects in the Merature. What makes.
wpane parts special |s becawse these parts are not often wsed in produc
tion line of manufacturers and they even have sub-industries that just
produce spase parts. In addition, forecavting the spase part demands
yhekds 51 most 70 sccuracy in the literature, Moneower, stock
ment for spare pasts demands become w.\m since it requires stoe-

age anta,

cmnll mgaunow swo mn demancls plays Sgnificant soke
parts and manag-

'ﬂcl stock of companies.

CURRENT SYSTEM
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Based on the demands from deshwasher customers all over the world,

ﬂlﬂh“ﬂlﬁd technical services determine the spare parts. l!ﬁuln"ll!ﬂl by
q They report

ﬂld«l
ble in thedr mmnq ‘stocks, otherwise they will roport this request 1o the
center (istanbull. The center first collects the demands of spare parts
from all regicnal warchouses, then predices the amount of future
demand, and finally, orders them 1o the Dishwasher Plant. Fallowing
figuro represents the flow of spare parts demand determination from

customner b the plant.
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METHODOLOGY
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DATA DESCRIPTION

s Eltn ) Ml (BAT) 35033019

The List frve years (2005-2019) movement data of Argelik Dishwather Plnt hus been provid-
ed Movement Yy'p! Quamly. I)m oﬂ]rgﬂlulmm of spare part mwrmkdun has
ah(ndeln( oar, h

it and fast .

in arder lor the data obtained from the Asgelik Dishavasher Plant to be used in the praject.
i nacessany to extract the spare part output data rmm the plant and tum this data into 2
I additian, biring the ion, ed by the:

plant for the classsication of spare pam. with the um to be used will help 1o analyze the
resulty,

in the next step, it 4 o harve, both 1o che he trial

it g towviah tioly, FSM IE Pr——

for ion. This anabysis is rd plarys a
the stakus of hand.
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FORECASTING SYSTEM

For fast moving and medium maving, 7 different forecasting models are used Since slow
manireg and slow moving product categeries requises special attention and wark, wighed
maning average method i+ wsed in order 1o come up with reasanable farecast of these cate-
quries

Fot i ire. 7 cifferent el Th h
ods are Moving Aver: Exponential Snnnlhlr\q 5L, Double Exponential
Smoathing of Holts Method (HM), Triple Exporsential Smacthing or Holts-Winter Method

dlays. Otherwise, sarctions such
et may be imposect. n this contest, the Dishwashes Plant 5 responsibie
for mecting the daily spare parts order from the center as soon as possi-
bile Metween 3 ard 7 days).

The plant e eiders caaming by

orfrom ch. Spare parts
coming to I||e it e the plant are sent 1o the rekevant regicnst
defiver spare parts o
their customers :Ikwah authaized services. Following Agure ditplins
the process of meeting spae parts demand.

PROBLEM DEFINITION

(HWM), Integrated Maving Average (ARIMA]L and Praphet (RO} developed

Lumpy and intermittent mu«lﬂwes )pe-:-ul attenticn while forecasting these catego-
ries. In oeder 10 find th g and very g categories,
Method, Teunter, 5

trend methods are appbed. Mnmmutl; these

with trend yields better forecasting results compared 10 Croston and TS8 method. Hence,
moving awerage with trend method s applied for show-moving and very slow-maving cate-
ories. After haring year 2020 forecast, the result i dhied by 12, which i the runsber of
months, in arder 10 allocate yearly forecast to monthly forecast. Hence, forecast of each
manth I5 the same.

Spare Parts Demand Forecasting and Stock Management

Formalation
Objective Function
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The: obpﬂ.b\m of the mathematical model, shown & eguation 1, is 1o maximize total
Equation 2 def

e al as. l‘he ratio of forecast rﬂlﬂl of products to total number of products 1o be held in
th, Equation

manth. Equation 4 sets the masximam mn’h&r of each product ﬂull will bee ket i stk in
each month, Equation 5 defines the tatal valume for haiding products in stock in sach
manth. Equation 6, 7. and & are variable definition contraints.

GRAPHICAL USER INTERFACE
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FINDINGS
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for all spare pu;\ ‘with using RMSE and AMAPE metrics. After finding the best forecast
models, forecast values are obitsined for each spane part.

P L

AMAPE
combined with the mn of 4 wenarios. :mmi far skow and very M moving space
categanes. Then 4.
wcts and in stock Then 4 alsernath bt
mumer of different products and minimum pleces In stock.

4 Aftersasives for All Spare Pars { 10,086)

o with nespect 1o total

csnsnsmne Il T ERROR METRICS Sty
s F P i o spaem et i e percentag may be insuf dlata for Alternative 1, i : 339%1055.5% In March
er hlm and madels in a limited BEM by using stock or cient for th possdbility i of the pr 4 E4.01% this altesrsative. For Alternative 2. the margin
o has to be met within ucts. Therefore, thy ongag) withan r 168, In Atema:
(RMSE] were uied for the accuracy au:!&menl u[ the \‘lﬂehlu?d mukh. l'N: formulas. tive 3, the otk leulated i 65.5% and an 93.20%

Phree-working days. In other words, Diskwasher Plant has to send
demands 1o Center Office in theee days in order Center Office 1o send
therm a3 soon as possible 10 customers, In some extremse cases, this
petiod could be oxtended 1o seven days, however tho ideal period of
serding demands bs three days. Diskraasher spare parts are produced in
wticass sub-industry companies by the requist of the plant. Dishwasher
Plant keeps various spare parts i stock as I il be dfficul to meet the

subi period.
Due to the vam!y\ vaniability, p-mum .md un:k cost of the spare
P, it
0 tme. For this reasan, the company wants o increase the corerage
rane from stack by forecasting fulure spare parts demand. In addtion,

duced in the sub-ind p, shorten the el thars i

tian and decion system. the current process is carmbed out based on
experience.

These ace more than 10,000 different kind of spase parts for the dish-
washers produced in the List frve yesrs. Siocking, controdling and distit-
ating them from one fackity s.a huga burder for the company and the
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AMAPE and RMSE are given below, respectively,
teyld = F|

AMAFE = 5 W gMsE =
L., t
At real dernand value in time t
Ft forecant demand value in tima t
MATHEMATICAL MODEL
Sels
¢ marnths
# products
Parameters

#; Price of Product § (TL)
TatalCast; Total stock cast in month § {TL)
¥; Volume of product § (tm?)

of spare parts socked |nm¢rump«yw and ﬁlulry(h.’ﬂwwu\gq

. A of spare parts.

nn IN[JUSTRIAL

T i Total
0, Forecast value of product { in month I {units)

Decision Variables

,, Total number of product | to be held in stock in month { (units)
a; Caverage ratio from stock, or farecast valises, in month {

in month { (em®)

There " e and ] eent saro parts mmm
‘perts, which # A

of
Totak oatl are provided. Month-based foeecast values of each peoduct, wl«nuduma by
Dij, are. w:hemim results of forecasting system that & developed i Python®. In oeder to

s observed. in the Altemative 4, the ratio of coverage from March stock b cabculated as
73 0% with an improvernent of 115,344,

R R TS TR R [
CONCLUSIONS
rrreradtssalOBBRERRRRRRES .
MARCH 2020
CURRENT FORECAST IMPROVEMENT
EER-2Y B5.46% 93.66%

In the light of the results, Alternative 3 | ta the o 3 g the

cost of the forecasted space parts, the cast of the trandder 1o the next month, fofecasted
safety stock cost, and the stock coverage rabia based on March demand data. However,

aage cepot volume each product ssertialin  since e WKG’WMIR« i & systern that will hela the decisian maker 1o
order , gy and appl e ch ather foe. Sln(rr.mly'lu: spare part fore
ment, a d the stock ar total stock cast

in this model, there are two decision vartables. Flu\ml],l dﬂﬂms the qul number of
#ach product that should be heid in stock

3, represents the ratin of halding

product for
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. However, the madel could not be applied to
all spare parts since the company could not pravide valume information for stack and
space parts. This mathematical model is tested a3 described in the methodology section
and it ks proposed ta apply this model



