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ABSTRACT

In today’s competitive global markets, Just-in-Ti@&) is one of the main lean manufacturing apgheas. It
is used in organizations to improve performance reddce costs and as a strategic core capabiliydare
their market position. However, using JIT tighttyuples various functions of the Supply Chain amideases
the risk of propagating disruptions through tharergystem. This study presents an ordering stydtagthe
supply of raw materials to the production systermget customer satisfaction. A general model fat-tisk
reduction is developed embracing multiple exteamal local backup suppliers. The outcomes fromrttudel
will be used to obtimise the simultaneous cost/resttuction within JIT systems. The effectivenesshef
developed model will be validated using a simpdifexample.

Keywords:Lean Manufacturing, Just-In-Time (JIT), Producti&ystem, Cost-Risk Reduction, Model,
External Supplier, Local Backup Supplier, Optimiaat Genetic Algorithm (GA)

1. INTRODUCTION Globally, many organisations have incorporated JIT

techniques in their processes to achieve their sgoal

Recently, many organisations within the supply chai However, some have ignored certain significant srisk
environment have implemented a JIT approach toarising from implementing JIT. These risks potehtia
increase their efficiency and to ensure their pmsitn ~ affect their processes by disrupting all supply icha
the competitive global marketplace (Canel and Parties involved (EI Dabeeet al., 2013a). For
Khumawala, 2001; Ho and Kao, 2013). JIT as a lean€Xample, in 2011, businesses were drastically &ftec

manufacturing technique can be used to improve thePy ”atPfa' d|sasters-the Ja_panese earthquake and
quality of organisations and reduce product cost byEunaml and thedﬂocc):ds In T;g:lllgnd iue to (BW, |2011f
eliminating all production facility waste and nontue inzgresén:rﬂ?ng?gan m;lrilzj,facturiné' andSJI'I?wi;ﬁiSnuéeg
added activities (Fahimniet al., 2009). Waste may be

defined as * hi her than the mini industries, this led to disruption of their processnd
efined as “anyt ng other than _t e minimum amounts o 1he \yhole supply chain. Therefore, a lack of any
of resources, which are essential to add valuehéo t

N ; specific tool that can be utilised to achieve a
product” (Rawabdeh, 2005). Typically, JIT focuses 0 gimyltaneous cost-risk reduction leads to significa

purchasing and manufacturing the items that betong proplems for businesses. The main problem can be
the products consumed immediately (Ho and Kao,stated as the relation between the reduction ofscos
2013). Successful implementation of JIT requires and the increase of risks arising from this redarcti
effective  cooperation between suppliers and  The goal of this study is to develop a mathematical
manufacturers due to small lot size delivery and model for simultaneously reducing the total costthuf
inbound cost reduction (Chen and Sarker, 2009). final product and the potential risk when impleniegt
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JIT systems. The main objective is to ascertain an
optimal ordering strategy for procuring raw matisrir
the production systems using multi-external andalloc
backup suppliers. This strategy is essential ie cdshe
occurrence of unforeseen disruptions occurringhag
natural and man-made disasters and economic drises
order to achieve a high product quality and tatericial
and operational actions within the supply chain.

The rest of this paper is organised as followstiSec
2 presents a review of research on JIT, cost asid ri
modelling. Section 3 presents the materials andhoaks,
which incorporating the problem description, model
notations, assumptions, parameters, decision Jasab
formulation and the testing of the developed mauéh
a simplified example with which to evaluate the

(2011) developed a periodic inventory model to oedu
the lead time and setup cost under a normal interiva
demand distribution. It is concluded that althougk
setup cost is high, the predicted total cost ommg
inventory system will be minimised. Also, Ho andKa
(2013) developed an innovative model for integiatime
reduction of inventory and wastes within a JIT dupp
chain with a single buyer and a single vendor. They
proved that by using the developed model, the drpec
total annual costs can be calculated easily.

In recent times, researchers have focused onf&peci
model types such as an economic quantity modegusin
JIT approach for ordering raw materials and shigpin
processes for production systems. Different modals
minimise the level of cost and risk in the caseJbf

performance of the model. Section 4 discusses thesystems. For example, one such model type thabean

results, which includes the model including vegfion

of the model, further analysis of the results using
different case examples of disruptions and randomly
selected case of disruption occurrence using aifiter
levels of decision variables. Finally, section 5
summarises and concludes this paper.

1.1. An Overview of JIT Modelling

Just-In-Time (JIT) is a manufacturing pull system,
which can be used for planning and controlling
operations, in order to produce and supply theiredu
products at the correct place, when they are reduior
use and in the required order-quantities (Hokanal.,

used for achieving cost efficiency is the lot size
reduction model. This model emphasises that by
ensuring reduction in the lot size, it is possiol@chieve
a reduction with respect to the level of the cesjuired
in performing the delivery of finished products ftnal
consumers (Eldenburg, 2007). A mixed integer
formulation for optimising a two-echelon supplywetk
was developed. By implementing the developed mivdel
a case study and considering all production cdbts,
effectiveness of this model was shown for real
applications (Fahimniet al., 2008).

A general cost model has been developed for
procuring raw materials to the production systentah

2008; Monden, 2000). The main principles of JIT be used to determine the batch size of the required

include: high quality, small lot sizes and regular products as well as the purchased quantity of raw
deliveries in short lead times, close contact with materials in order to minimise the total cost thatet

suppliers (Hokomaet al., 2010). Using JIT in customer satisfaction (Khan and Sarker, 2002; $anke
manufacturing reduces waste whilst increasing Khan, 1999). Yang and Pan (2004) investigate a JIT
productivity, efficiency, profit and customer purchasing model where a single vendor supplies a

satisfaction (Liet al., 2000). Some critical principles Product to a single purchaser. They presented an

are used for implementing JIT systems successfullyintégrated inventory model, which minimised the sum
such as people involvement, training and education,Of the ordering cost, holding cost, quality improent

supplier relations, waste elimination, Kanban ofl pu and crashing cost by optimising the order quantégd

system, uninterrupted work flow and total quality time, process quality and the number of delivetts

. o : rovide a lower total cost, higher quality, smallet
control. JIT is a critical tool for managing thetesnal b - 9 g Y ©

S iated with 0 mcladi size and shorter lead time. Therefore, applying JIT
activities associated with an organisation Inc odin  ethods such as small lot size in organisatiorssdeo
purchasing and distribution. It includes three

‘ \ -2 UUEE time reduction and quality improvement having a
elements, WhICh. are JIT producnon, JIT distribatio significant impact enabling JIT purchasing to aghie
and JIT purchasing (Tourki, 2010). their goals. Also, Lababidét al. (2004) developed an

An integrated JIT lot-splitting model is developid

) ] optimization model for the petrochemical company
address the need for integration between the bagdr supply chain operating under uncertain operatind an

vendor for JIT system implementation. The developedeconomic conditions. This model was tested on a
model can minimise the cost impact on both buyer an typical petrochemical firm to produce different des
vendor compared with the current approach in aleimp of polyethylene using two reactors at a single fiora
JIT environment (Ha and Kim, 1997). Jaggi and Aanej The model determined the optimum production
1779
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volumes that reduce the total costs of raw materialproducts and at the same time to reduce the rising
procurement and transportation. from this cost reduction within production systemas
As systems become increasingly integrated, anydeveloped. Raw materials are procured from external
disruption cannot be arrested in the functionabaoé  suppliers to produce the final product in the
origin and is consequently propagated throughost th production system. It was concluded that comparing
production and distribution system. The reductidn o the use of a JIT system with the use of a specific
waste (muda), as inventory or extra production cipa  amount of inventory from in-house stock during a
exposes adjacent activities and may affect the evhol limited period of time had a direct impact on the
supply chain. A higher lot size unnecessarily iases  production system (El Dabestal., 2012; 2013b).
cost and some components of risk, while reducihgrst All models of JIT systems presented above reduced
Consequently, the lot size risk reduction model ban  either cost or risk independently. It is clear thisks
used to ensure an optimal lot size and therebigiexft have a significant impact in organisations’ perfance,
management of risk from the lot size is ultimately which leads to increase their total costs and etstime
possible, achieving cost efficiencies. Simchi-Lewvial. time reduces their efficiency. Therefore, risksdtdoe
(2002) emphasise the risks associated with a Bfesy  assessed by identifying, evaluating and measuhiamt
in cases of unforeseen disasters disrupting sugipdyn to reduce the undesired effects they cause within
similar to those experienced by some auto manufactu  organisations and the JIT models have costs akg ris
following Sept. 11, 2001. They emphasise that sigari considered simultaneously.
risks throughout supply chain parties has a siggifi
impact on them. An operation model might be used fo 2. MATERIALSAND METHODS
JIT scheduling which explains each and every poces
included in the JIT system. Therefore, by identifythe Al problem statement, assumptions, notations,
stages of JIT systems, necessary actions can ba tak decision variables, parameters and mathematical
achieve cost efficiency in their operation (An @dmm,  formulations will be described.
2005). Tomlin (2009) assesses 12 possible apprsache
disruption management in the context of a two-pcbdu
newsvendor. Some features of the organisation, its In this study, a general cost model is developed fo
supplier(s) and its products such as supplierbiditipand simultaneously reducing the cost and risks effecili’
supplier failure correlation were investigated. Qoo systems. This model incorporates three main parties
dual sourcing can protect an organisation from anywhich are supplier, manufacturer and end userslt i
disruptive impacts when deliveries are receivednfro assumed that a distribution network consists oftipiel
different suppliers if one supplier is disrupted. external suppliers used to supply raw materialgh®
Carneiro et al. (2010) developed a two-stage production system to produce the final product.sThi
stochastic model to optimise investment portfolioghe assumption is due to pricing variations for the sam
event of uncertainties occurring. This model was product in different markets. The materials are
deployed within six large refineries in Brazil adiog transported from different manufacturers to the
the Conditional Value-at-Risk (CVaR) to minimiseeth production system, which in turn produce the final
Expected Net Present Value (ENPV) in the supplyrcha product for sale to wholesale or retail outletssdlthe
Jose (2011) explains how risk management sources in raw materials are replenished instantaneously ® th
project’s innovation can be better managed throagh production system to meet JIT operation. The prtsluc
modelling process. He applies the risk managementare delivered to the end customers with no holding
process on a specific case using a general inmovati capacity to store the products. They may include
model to the risk creation parameters. An apprdach  wholesalers or retailers.
considering a cost-risk balanced process to matiege Many risks may result from the occurrence of
scarce water resources under uncertain conditicms w unforeseen disruptions such as natural and man-made
proposed. A new technique was modelled regardireg a disasters and economic crises affecting exterrglgus.
optimization phase that permits users to organiseAll of them have a significant impact on the proiue
emergency strategies by adopting the barycentiigeva facility and the entire supply chain as well. Taiavthe
as a new target, which resulted in drastic riskuctidn impact of these risks, it is assumed that duririgne of
in resource delivery (Gaivoronsket al., 2012). A  disruption, the production system can procure & r
mathematical model to reduce the total cost of thematerials required to produce the final productmra

2.1. Problem Description
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local backup supplier at a higher price but wittv losk H.. Expected risk k occurs on the supply chain
and in a short lead time (El Dabael., 2013a). production system;

The model also considers scenarios where orders fot.H: Likelihood of occurrence for risk in the supply
a set amount of raw materials are shipped by both chain
suppliers on a fixed amount of raw materials in al: Impact of risk occurrence in the supply chain.
standard case of customer requirements using eliffer .
transportation modes (waterways, railways, roadwaysz's' Model Assumptions
and airways). The appropriate transportation moaie c The model formulation is based on the following
be selected depending on some key criteria sudheas assumptions:
lead time and the transportation cost needed t@lyew

materials into the production system. e The ordering cost of raw materials is a fixed fate

each order regardless of the order size
2.2. Notations « The utilities cost of the final product is a perizae
, ) , of total cost of the product that can be changed by
The following notations are used in the proposed the inventory batch size
model: « The final product price is a fixed rate regardless
) ) the inventory batch size
Cr: Total cost required to produce one product ine The raw materials are supplied by the regular

monetary unit (MU); external supplier if there is no disruption occurs
Cw: Raw material cost required for producing one « The raw materials can be purchased from the local
product (MU); backup supplier when one or more of the regular
Co: Ordering cost of raw materials (MU); external suppliers have disruption
Cy: Holding cost of raw materials within the prodocti ¢ The cost of raw materials procured from local
system stores (MU); backup supplier $; is a percentage of their cost
Cr: Risk cost arising from disruption occurrence (MU) when they are purchased from the regular external
C.: Transportation cost for delivering raw materitds supplier $ depending on its reliability (&g)
the production system (MU); e« The transportation cost is proportional to the

Ce: The purchasing cost of raw materials required to trar(ljsportation distances and the used transpartatio
produce the product (MU); modes . . ,
Cy: Utilities cost of the final product (MU); « The worker cost required for producing the final

: . . . . product per time unit is a fixed rate per time unit
Co: fl:r)g:;e:\nCeositerigflsngpgzlr(l\abo)curmg raw material , The risk cost arising from the likelihood of risk
X uppli ;

occurrence is a percentage rate depending on its

TP: Transfer price required for procuring raw mateiia impact on the production system
from an external supplier i (MU); « The duties cost is incurred if raw materials are
S:  Origin of ordered raw materials; supplied by external supplieg;S
v: Destination of required raw materials; * The transfer price required to procure raw material
m;: Transportation mode for transporting raw matdrial from the regular external supplieg & a percentage
to its customer; of its total cost Gy

N Number of transportation modes used for shipping®  The reliability of local backup supplier j refledtse
raw materials to the production system (unit); availability for supplying raw materials at the
Nk: Number of raw materials ordered to the production S!:Punpi%nt'g?l')f the regular external supplier has
_ system in each patch .(un|t); ) .+ Each external and local backup supplier is able to
N.t: Number of days required to provide the production supply some of raw material types

system with raw materials in each patch (unit); + The purchasing price for raw materials may vary
S Raw material external supplier j; from supplier to supplier depending on the
Sies: Raw material local backup supplier s; negotiations, order sizes, discounts, historical
IF: Indicator function for duty with a value 1 or D if relationships

the supplier and the production facility are in the
same country and O otherwise; 2.4. Model Parameters

Mi: Raw material types required in producing one unit  parameters are considered as the input data that
of product i; necessary for a system. They are variables witadfix
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given values as inputs to the optimization syststohd- %V: Volume percentage value required for
Lair, 2008). In this study, the parameters used for transporting raw materials to their customer;
reducing the_ costs of products and the risks ayifiom Np: Number of working hours per day (hr);
these costs in JIT systems are: D:: Duty rate (%) per price of raw material i
No: Number of operations required for producing supplied by external supplier j (MU); _
one product (unit): %sale: Sales percentage val_ue offered from selling
Np: Number of parts required to produce one extra raw materials during the same order;
product (unit): Nrum: Number of raw materials supplied to the
Nsg Number of external suppliers used for production system (unit); _
supplying raw materials to the production Rstes  Reliability of local backup supplier s for
system (unit); supplying raw materials at the planned time;
Neis:  Number of local suppliers used for supplying RS Reliability of external supplier j for supplying
raw materials to the production system (unit); raw materials at the planned time; _
Ny: Number of workers required to produce one Cw: Worker cost required for producing the final
product (unit); product per time unit (MU);
product (MU); the customer (MU);
Cun Holding cost of raw materials of each final %TRS: Total risk score percentage value.
?I\r/loljj/ug;)/l; the production system warehouse 25 Mode Decision Variables
Cuwi Unit cost of the raw material i at the beginning  Decision variables are the variables that reprethent
g (ge_lacrc‘j CYC|9(§ML;)? erial red t design method outputs of the model. They are afed:
RM mzle){ cug[g?nner Sati;?;\clzti?r? (?JI;’I]?:[)S' required 10 controlled factors. This means that any changeheir t
%dry: Daily demand percentage of }aw materials \éalgeg, may _crl;?nge the results of the model outpits.
required to meet customer satisfaction (unit); ecision variables are.
Nwp: Number of working days per week (unit); . ) )
h: Operation time required to produce a product LT: Lead-time taken between placing and receivimg t
(hr); placed order (day);
(MU/hr); patch required to produce the final product per
Cromang TOtal managerial ordering cost per order week (unit);
(MU); dr:  Customer demand for the final product per day
Crumang  TOtal managerial holding cost for keeping raw (unit);
materials to produce final product during the t,: Critical transportation measurement of raw
lead time duration; materials shipped using transportation mode m.
Nuks: Numb_er _of weeks requir(_ad to keep raw
materials in warehouses (unit); o 2.6. Model Formulation Description
SF: Storage factor for keeping raw materials in the
_ warehouse; . A general cost model is developed considering the
OF: t(r)uradsedg]p?lié?'aor for procuring each order from iy of view supplier of raw material. This model
%Util:  Utilities cos’t percentage of the final pradu utilised to ascertain an optimal ordering stratdgy
(MU); obtaining the batch size of raw materials usinghbot
tp: Raw material cost percentage incurred for external and local baCkup Suppliers to minimise tttal
procuring raw material i from an external cost of the final products and its risk effect ifi dystems.
supplier j (MU); _ - It is built to determine the total cost of produgite final
Ts,v,m Tensor for transportation cost per critical product within production systems. The total cdsthis
measurement (MU); product can be found by Equation (1):
ton: Critical transportation measurement of raw

materials shipped using transportation mode

m; C=Gu+G+ G+ G (1)
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Each component of the total cost of the final paidu
is described as follows:

2.6.1. Raw Material Cost (Crm)

Raw material cost is the cost of raw materials used
produce the final product in the production systdime
inflation rate in both producing and using courgri@s a
significant impact on this cost (Canel and Khumawal
2001). In this research, raw material cost incluttes
ordering cost g, holding cost G, purchasing cost
transportation cost {C duties cost € and transfer price
cost TP. Therefore, it can be calculated as:
Caw=Co+Cy+ G+ G+ G+ TF 2

Equation 2 can only be used if the regular external
supplier supplies raw materials to the productigstesm.
However, in the case where the production system
procures its raw materials from the local backuppsar,
the raw material cost just includes, @, G- and G. The
production system does not incur any of @&d TP.
Therefore, Gy can be calculated as Equation (3):

Cou=Co* Cy+ G+ G (3)

2.6.1.1. Ordering Cost (Cop)

Ordering costs are the cost of ordering and reagivi

Nse
uo = z Cuoi (7
=1
Therefore Equation (8):
Nsg
€)

Co =, Cyy*OF
j=1

However, if the production system procures its raw
materials from local supplier, then Equation (9):

_ CTOmang

Cyo = 9
Y %dy,, X LT,
S=1,2,3,....,Ng
Thus Equation (10):
Nsig
Cuo = z Cuos (10)

S=1

Therefore, the ordering cost of raw materials
procured from local suppliers equals Equation (11):

NsLg
Co= Y Cyosx OF (11)
S=1

2.6.1.2. Holding Cost (Cy)

an amount of raw materials each order. These costs Hoiding cost is the cost of keeping one unit of raw

include determining how much is required, preparing
invoices, inspecting goods upon arrival for quakityd
guantity against shipping lists and moving the gotml
temporary storage. Generally, they are expressed as
fixed value per order, regardless of the ordertbaize
(Chopra and Meindl, 2010).

Therefore, @ can be calculated as Equation (4):

materials in warehouses for a specified time period
(Chopra and Meindl, 2010). In this study, it inahsd
insurance, depreciation, obsolescence, deterioratio
spoilage, breakage and warehousing costs (heédt, lig
rent and security).

The rate of G if the production system procures its raw
materials from an external supplier equals Equdfi@j

C

— CTOmang C .. :M 12
Cuoj = %d,, x LT, (4) TN (12)
J
i=1,2,3, ..., Ne Therefore Equation (13):
Then, %@y equals Equation (5): Np Neg
d CH = z Z (CUHj )j x %qwl x (L-II- + SF) (13)
% ey =— (5) o
RM .
i=1,2,3,...., N
For an external supplier Equation (6): However, if a local backup supplier supplies raw
materials to the production facility, then Equat{@#4):
Co = Cyo X OF (6)
Np Nsig
. C,= z z (CUHj Xk % %dg, x (LT + SF, (14)
where, Equation (7): =]
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2.6.1.3. Purchasing Cost (Cp)

is based on the value of goods or upon some eritdrihe
item such as weight and dimensions. This work censi

Purchasing cost is the cost of goods acquired fromCD as the cost arises from supplying raw materialsaby

suppliers required to produce the final productha
production facility. In this research, it is considd as
the unit cost of raw material at the beginning loditt
cycle (Guw).

For an external supplier, s;Ccan be calculated as
Equation (15):

Cuwsg; = Yosalex Gy, ) (15)
Then Equation (16):
Np Ngg
C.= Z z (Cumsei )j (16)

i=1 j=1

regular external suppliergSto the production system. It
means that for local backup supplierg;Sthere are no
duties arising from supplying raw materials to the
production system. It can be calculated as Equéfiaj

=z

p Ns

CD =ZZCUPi (1_ ":j)x DJ

i=1 j=1

m

(21)

IF;=0if SE= 1, otherwise IF = 1.

3.6.1.6. Transfer Price Cost (TP)

Transfer price is the per unit price of productsl an
services to be charged among independent orgamsati

However, if raw materials are procured from a local (Chen, 2011). It is one of the most significantues

backup supplier, £equals Equation (17):

Cumses = %0salex Gy 3% Rygs 17)
Therefore Equation (18):
€= 35 3 Consn s (18)
2.6.1.4. Transportation Cost (Cy)
Transportation cost represents the per unit

transportation cost for transporting raw materfeden a
supplier to the production system in time periodhis
cost varies depending on the access from the palent
location to the production facility. This reseaagsumes
that the transportation of raw materials is conedadn
batches that meet customer satisfaction.

C as a component ofg; can be calculated as:

For external supplier Equation (19):

=z

Nsg N7 Nrm
= 0
C, = z TSEj,v,m Xt X%V,

=L 1= z=1

(19)

1=1,2,3,....,NandZ2=1,2,3, ..., M.
Nevertheless, for a local backup supplier Equg20i:

z

sLe N1 Nrm
= 0,
Ctr z TSLBS,V,mX tmlX /OVZ

S=1 k1 z=1

(20)

2.6.1.5 Duties Cost (Cp)

This is the tax incurred by importing goods from
supplier in one country to a customer in anothenty. It

////A Science Publications
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facing Multinational Companies (MNCSs).

In this study, TP as a transfer price for procuriagy
material from a regular external supplieg; $an be
calculated as Equation (22):

Nsg Np

szzztpjx Gori

=

(22)

2.6.2. Worker Cost (Cw)

Worker cost is the wages paid to the employee
through performing certain duties in any organgatin
a time unit. In this research, each operation reguan
operational time jh(hours) and the time of producing one
product is the sum of operational time of all opierss.
Therefore, G is considered as the rate resulting from
multiplying the cost of working time by the time
required for producing the final product (hour), igfh
can be calculated as follows Equation (23):

Cu =200 =3,C %N (23)

2.6.3. Utilities Cost (Cy)

Utilities cost is the cost arising from using the
required utilities such as electricity, gas, heeter and
maintenance to produce final product in the prddact
facility. This research considers, @s a raw material cost
percentage of the final product. It equals Equatiab):

C, =Y %Gy, (24)

i=1

ICCNT
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By considering G as the cost of raw materials used Operation 1 assembles Parts 6, 7, 8, 9 and 20ram&fers

to produce one part of the final product, it is &qu
Equation (25):

Cp=Co+ Gyt Gt G+ Gyt TP G+ G (25)

2.6.4. Risk Cost (Cg)

Risk cost is the cost arising from the likelihoofl o
any disruptive occurrence that might affect eitbae
part or the whole system. These risks have a stgunif
impact on the total cost of the system. In thisagsh,
each supplier has a different impact on the suppbin
of the production system depending on its risk ecor

Therefore, G can be calculated by the following
equation Equation (26):

c :NzP:%TRsx G :Nf&x G (26)
A " S Max(LHx1)

2.7. Smplified Example

them to Operation 2, which assembles Parts 5, 1,012
and 13 and then transfers them to Operation 3.dfiper3
assembles Parts 16, 17, 18, 19, 21, 22, 23, 2£2%rahd
then transfer to Operation 4. Operation 4 assenfldes 1,

2, 3, 4, 13, 14 and 15 and finally transfers thedpct to
Operation 5, which tests and keeps the final priodtuc
boxes and then sends it to the sales departmeris. It
assumed that the utilities cosj S equal to 10% of the raw
material cost. Furthermore, it is assumed thahéncase of
one or more of external suppliers suffering disamptthe
production system can procure its raw materials fseven
local backup suppliers @\s = 7) with a higher cost but with

a low risk and in a short lead time. In this cazaxts 1, 2
and 4 can be supplied by the suppligg;Sn 4 days;
Parts 3, 11 and 18 can be procured from the sufplie
due to 6 days; Parts 5,10, 16 and 20 can be sdpipjie
the supplier §; in 3 days; Parts 6, 7, 8 and 9 can be
supplied by the supplier & through 5 days; Parts 12,
13, 14 and 15 can be supplied by the supplige B 7
days; Parts 17, 19 and 21 can be procured from the

The proposed mathematical model has been testegupplier $gs due to 5 days; Finally, Parts 22, 23, 24 and
with a simple assembly process for an electric moto 25 can be supplied by the suppligsSin 6 days. For

with hollow shzaft. It uses multiple, identical opgons
to assemble 25 individual parts into the finisheddpict

any extra amount of raw materials procured from ot
external and local suppliers, discounts are offécethe

(Np = 25). The main components of this motor are production system as shownTiable 1 and 2.

illustrated inFig. 1.

The production facility produces 70 units/day and i

It is assumed that a production system purchases ra purchases raw materials from the different regesdernal

materials in a fixed lot size from eleven differeagular
external suppliers (& = 11). These raw materials are
delivered at a fixed interval of time when they aseded
(JIT system). Parts 1, 2 and 4 are supplied bystipplier
S, which need 24 days (LT) to arrive; Parts 3, 1d 38
are procured from the suppligg,Swvhich require 32 days to
arrive; Parts 5 and 10 are supplied by the supi3igr
which need 18 days to arrive; Parts 6 and 7 arglisdpby

suppliers g (if no disruption occurs) and local backup
supplier $g (when one or more of the regular suppliers are
disrupted). Each order depends on the lead tinme &ach
supplier. These order quantities can meet custoraeds
during a fixed interval of normal time. However time
delay for the arrival of these materials to thedprtion
system punctually can cause many risk factors @asch
physical, social, legal, operational, economic poliical

the supplier &, which require 38 days to arrive; Parts 8 and factors. These factors can affect and disrupt theyztion

9 are supplied by the suppliegsSwhich need 42 days to
arrive; Parts 12 and 15 are procured from the mipfis,

system and all the supply chain parties. Thereftre,
effects of these factors on the production facdity studied

which require 28 days to arrive; Parts 13 and 18 ar in this work as a case study. Finally, the end crust

supplied by the supplier=g which need 35 days to arrive;
Parts 17, 19 and 21 are supplied by the suppligm®Bich
require 45 days to arrive; Parts 16 and 20 arelisdppy

purchases the final product by 485 Mtigure 2 illustrates
the supply chain relating to for this productiosteyn.
The next step is to identify supply chain risksitfigc

the supplier &, which need 20 days to arrive; Parts 22, 23 the production facilityTable 3 includes the main supply

and 25 are procured from the suppligipSwhich require
28 days to arrive; and Part 25 is supplied by thgpler
S11, Which take 21 days to arrive. The productionesyst
includes 5 operations conducted by five workers, (W,
W, W, and W respectively). The number of working

chain risks potentially facing the production/maike
of this product and their impacts within the proiiue
system. The risk identification was done from the
perception of identifying the effect of the disnapt or
change in demand has on this production facilityain

hours N is 8 h a day for 5 days per week. Each worker hasalso be approached by investigating all possiblet ro

a fixed wage (; valued 14 Monetary Unit (MU)/hour.
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Fig. 1. Electric motor (Hollow Shaft)
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Fig. 2. The supply chain for the production system

Table 1. Discounts offered by external suppliers for pusihg extra raw materials
Discounts rate (%)

External supplier Week1l Week2 Week3 Week4 Week5 Ké/ee Week7
1 95 90 85 80 X X X

2 93 88 85 82 80 X X
3 95 90 85 X X X X

4 90 88 86 84 82 80 X
5 95 92 90 88 86 84 X
6 95 90 85 80 X X X

7 95 91 88 86 85 X X
8 96 92 90 87 85 82 80
9 95 90 85 X X X X
10 90 86 83 81 X X X
11 95 92 90 X X X X

Table 2. Discounts offered by local backup suppliers forchasing extra raw materials
Discounts rate (%)

Local supplier Weekl Week?2 Week3 Week4 Week5 Week6 Week7
1 95 90 85 80 X X X

2 93 88 85 82 80 X X

3 95 90 85 X X X X

4 90 88 86 84 82 80 X

5 96 92 90 88 86 84 X

6 96 92 90 87 85 82 80

7 95 91 88 86 85 X X
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Table 3. Risk assessment of the electric motor productysies

Product Likelihood Impact % total

Risk Risk effect (1-5) (1-5) risk score

H, Supplier 1 cannot supply raw materials on Pags21 1 2 8%
the scheduled time or is destroyed by disasters.

H, Supplier 2 cannot supply raw materials on the a2k 4 2 1 8%
scheduled time or is destroyed by disasters.

Hs Supplier 3 cannot supply raw materials on Pag&sth 2 2 16%
the scheduled time or is destroyed by disasters.

Hy4 Supplier 4 cannot supply raw materials on the Pak 4 1 3 12%
scheduled time or is destroyed by disasters.

Hs Supplier 5 cannot supply raw materials on the 2k 4 1 5 20%
scheduled time or is destroyed by disasters.

Hs Supplier 6 cannot supply raw materials on PagsA3 1 3 12%
the scheduled time or is destroyed by disasters.

H-; Supplier 7 cannot supply raw materials on Pags21 2 1 8%
the scheduled time or is destroyed by disasters.

Hg Supplier 8 cannot supply raw materials on Pagsa3 1 2 8%
the scheduled time or is destroyed by disasters.

Hg Supplier 9 cannot supply raw materials on the 2k 6 1 2 8%
scheduled time or is destroyed by disasters.

Hio  Supplier 10 cannot supply raw materials on the tsFaR 4 1 3 12%
scheduled time or is destroyed by disasters.

Hy:  Supplier 11 cannot supply raw materials on PafsA3 1 3 12%
the scheduled time or is destroyed by disasters.

Hy,  End customer demand is higher than All product 1 5 20%
forecasted demand.

Hiz  End customer demand is lower All product 1 5 20%

than forecasted demand.

According to (Bogataj and Bogataj, 2007), risk can might have resulted from some factors such as
be assessed by two common approaches: the likelihooincreasing customer demand in the marketplace and
of the occurrence of an (undesirable) event and thethe inventory elimination by implementing JIT syste
negative implications of this event. Risk Likeliltbo within the production facility. The likelihood oftsi
captures the probabilities associated with disauptisks  occurrence is low and its impact on the production
in the supply chain. Respondents reported on a risksystem will be mostly high. Finally, fimay arise from
which had already been experienced in the pasy the the |ack of customer demand in the marketplace fwhic
were asked to report on the degree of likelihoodtof i1l incur a holding cost for the production fatyliby

(rjeoccudrrence (BOV]F”’ 2012)'h Thehnsk impact alfso keeping the final products within its warehousebe T
epenas on some factors such as the percentagavor r yy ajinood of its occurrence also is almost low aitsl

materials cost and its effect on the total costegjuired : : : :
raw materials. Therefore, the total risk score ¢mn impact on the production system will be high.

calculated by multiplying those scores together.
The risks H. Hy. Hs Ho, Fh, H. He o Ho. o, Huo 3. RESUL TS AND DISCUSSION

and H, mlght result from Increasing the lead time of The results of testing the proposed model was used
raw materials of external supplierg:SSe, Se3 Sea

Ses Ste Se7. See Seor Se1o and $a; respectively to to ascertain the _effect Qf _decision varigbles ohenot
arrive at the manufacturing industry at the plannedParameters examined within the production system. B
time. The likelihood of the occurrence for suctksis USing the mentioned external and local supplierg: N
might arise as a result of some factors such asralat 11 and Nig=7) for supplying raw materials to produce
and man-made disasters and economic criseghe final product in the production system, many
(currency valuation/ strikes). jpl may arise from the  disruptions might be occurred within the supplyioha
lack of raw materials that are ordered from the It is assumed that if external supplier j has gisian,
external suppliers to the production system, whichthen &= 0 otherwise, §= 1 and the same for the local
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suppliers. The findings of this research are orggthiin result of the cost results from transporting raw
three cases as follows. materials from their origins to the production yst
that is low. The impact of these disruptions on the
related costs of the final product can also be very
This case addresses the analysis of model resultslearly seen irFig. 3.

analysis in different cases for the occurrencextéraal
suppliers’ disruptions using different levels ofcidéon
variables. By way of choosing twenty of these In this sub-suction, it is an analysis of the effecf
disruptions randomly as a case study to evaluage ththe used decision variables in the event of some
performance of the developed model, the obtainedltiee  disruptions occurrence using the same levels oiec

of total cost of the final product and its compaiseare  variables on the disrupted external suppliers are
shown inFig. 3. This means that the selected local analysed.Figure 4 illustrates computational results for
backup suppliers will be used for procuring raw twenty cases of expected disruptions, which were

As seen from the results achieved as showrign the production cost can be clearly seeFRiip 4.

3, the raw materials quantity procured from the used Also, comparison between the case wherein all

suppliers (externalflocal), _customer demgnd, | ¢ external suppliers are able to supply their rawemals
requ|req to raw materials be rec_e|ved to the to the production system and the case in which all
production faqhty and the trgnsportanon mode dJ.Se suppliers have disruption were prepared as shovngin
for transporting raw materials to the production 5. This Figure illustrates the effects of these upiions
system have a significant impact on the total aufst ) : . )
the final product. In the case of any disruption on the cost type_s, which will affect the total coejuired

to produce the final product.

occurrence, it is clear that by changing each decis ) _
variable, the result is different. In the case df a 'tIS clear that, using the local backup suppliersupply

external suppliers are disrupted using the highest@W materials to the production system, the totat ds
levels of the used decision variables, it is fouhdt ~ Nigher than if the external suppliers are used tfos
CP is the highest rate compared with the otherPurpose. In addition, it is concluded that&hd G in the
disruptions. That is based on the local suppliers’ case of all suppliers having disruption are highen the
reliability. However, Ctr relatively, is the loweas a  other case. However,CG;, TP and @ are the lowest.

Casel

Casell
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Fig. 3. Impact of some expected disruptions on externapbléers using different variables levels
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Fig. 5. Cost types comparison between the external supgie (1) not disrupted (2) disrupted

140 and 210 and,t= 4. The main affected cost
components are Cwhich depends on the transportation

To define the effects of each decision variablelen ~ mode used for transporting raw materials from the
total cost of the final product, the second disamtwhich suppliers (external/local) to the production syst@mthat
is(S1=1,%,=0, $3=1, $4=0, §5= 1, $6=0, &/= is considered as a percentage rate of some cqss ty
1, S0, S9=1, S10= 0, S1:= 1) was selected for this which was mentioned previously; as well as &ising
purpose. By changing the used decision variableslde from the used suppliers. These findings demonstrate
(Qrm» b, LT and t), the total cost of the product will be the use of different levels of decision variablesase of
changed depending on the effect of each variable asny disruption occurrence have direct impacts ertabal
shown inFig. 6. The findings illustrated that the highest cost arising from producing final product withineth
rate of the total cost is highlighted usingy@ 2450, ¢= production system.

Caselll
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Fig. 6. Effects of decision variables on the related coftie final product in a case of external suppligisruptions using different
levels of variables

4, COCLUSION validated. Comparing the use of local backup
suppliers for supplying raw materials to the
This study presented a mathematical model for aproduction facility in JIT systems with the use of
simultaneous cost-risk reduction in JIT systemswyads external suppliers had a significant impact onttital
developed to determine an optimal strategy for kg cost of final product. However, this increase cead
raw materials to the production systems by usiggler to other benefits such as preserving the reputation
multi-external and local backup suppliers in cab¢he the production facility intact with end-user. Thieye
occurrence of likely disruption such as natural arah- JIT principles can be effectively applied for shtisg
made disasters and economic crises. The developedustomer requirements at a minimum profit with a
model consists of the formulation of the correspogd minimum level of risk. In future research, the
objective function of minimising the total costs tbfe developed mathematical model will be considered for
final product in the production system and the gisk optimization purposes using Genetic Algorithms.
arising from these benefits. The total cost inctudaw
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