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Abstract

Simulation is a crucial problem-solving strategy foany real world problems. It
represents a powerful ‘what if’ tool for analyziagd evaluating i) the behavior of a new or
existing system, and ii) the performance of moditiiens or changes made to the system.
Organizations can certainly benefit from its apgion for enhanced decision support,
efficiency and productivity. However, conductingpeper simulation is both an art and a
science. It is not an easy task, and many orgaoimastill do not have a clear idea of how
to proceed with it. This paper presents the resaftsa case study conducted in a
manufacturing company in Malaysia. Specificallye ttnajor aim is to demonstrate how
simulation can be conducted and how it can be egph the company’s manufacturing
activities. Hopefully, the information extractedorn this study will be beneficial to
organizations that are in the throes of adoptingu&ation.
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1.0 I ntroduction

In the 21st century, growing global competitionsl &echnology advancements have
greatly complicated the manufacturing tasks of canigs. A great challenge for them is on
how to draw a competitive advantage from the wagytthandle their immense
manufacturing tasks. In order to maintain and eobathe competitiveness of a
manufacturing company, the performance of manufanxgju processes needs to be
continuously reviewed in response to the incredgingyvolving market conditions.
Determining or predicting the process performarfceny changed or improved system is a
great challenge. To deal with this challenge, autation model can be constructed to
evaluate the performance of the system. Simulgironvides a great way to tackle a range
of industrial problems leading to improvements fificeency, cost and profitability (Heizer
and Render, 2006).



This paper presents the results of a case studjucted to demonstrate the process
of performing and applying simulation modeling imanufacturing company. This in turn
will help to provide useful guidance and directiars how simulation can be carried out.
Generally, this paper is structured in the follogvimanner. Firstly, it provides a brief
literature review on the concepts and fundamentdlssimulation. The background
information of the case study and the methodolagpleyed in performing simulation, are
then described. Following this, the applicationsiaiulation in the company are presented.
Initially, simulation was run to gauge the opergtoharacteristics and performance of the
company’s current manufacturing system. Subsequeiitiwas used to evaluate the
effectiveness of a few proposed modifications anges made to the system. Finally, the
paper culminates with a discussion of the resudtained, and conclusions.

2.0 Literaturereview

Simulation is the imitation of the operation ofeml-world process or system over
time. Whether done by hand or on a computer, sitiamanvolves the generation of an
artificial history of a system and the observatidrihat artificial history to draw inferences
concerning the operating characteristics of theggstem (Banks, 2000; Banks et al, 2005).

The idea behind simulation is threefold (Heized &gnder, 2006):

(1) To imitate a real world situation mathematigall

(ii) To study its properties and operating charastes.

(i) Finally, to draw conclusions and make decmsdiased on the results of the
simulation.

Simulation can be used when a problem consistaugdbles that are non-linear and
very complex. There may be too many variables wiighse a problem cannot be solved
mathematically. Hence simulation is the only wayatwalyze and solve it. Furthermore,
simulation can be used to analyze and predict tfeeteof changes to existing systems.
Potential changes to an existing system can festimulated to predict their impact to the
system performance without disrupting the real eystThis can prevent risk taking as
experimenting changes using real systems can lyecostly.

In addition, simulation can be used to obtain apeg characteristic estimates in a
much shorter time period than that required to gjathe same operating data from a real
system. This feature of simulation is called tinempression (Krajewski and Ritzman,
2002). Besides this, simulation can also be usetuidy systems in the design stage before
they are built. It can be used as a design togréalict the performance of new systems
under varying set of circumstances without buildimg actual systems.

In general, the two major uses of simulation imaofacturing sectors are design and
evaluation of a new system and optimization of aistmg system (Carson, 2005). Some
applications of simulation in manufacturing sectare to design and evaluate a new
manufacturing process and to assist in determitfieginteraction effectiveness between
process components before any machinery is purdh&seddition, it can also be used to
optimize an existing process as it gives an ovanoé how the system currently operates
and allows for evaluation of alternative scenarahout the loss of production. Last but



not least, simulation can be used as a prepar&droproduction planning and scheduling.
Through simulation, the requirements of a particalanufacturing system can be predicted
with a set of probabilistic assumptions.

Simulation can certainly be applied to many aspetimanufacturing systems such
as job-shop and flow-line manufacturing procesBiEsmally, every manufacturing system
exhibits many same characteristics, although differin detail. Basically, every
manufacturing system consists of products and ifiesilused to produce them such as
machines, operators, tools, storage locations Btas, a model can be developed for
different manufacturing systems with little modé#tons.

To sum up, simulation is a powerful analysis twohssisting decision makers to
make wise decisions in a short time. However, @dseto be emphasized that simulation is
only a solution evaluator that identifies a problelearly and evaluates alternative solutions
guantitatively, but it is not a solution generassrit does not generate an optimal solution
theoretically.

Simulation software can be divided into two categ®rwhich are simulation
language and simulator. Simulation languages sw&hARENA, EXTEND, GPSS/H,
MICROSAINT, MODSIM, AUTOMOD, QUEST etc need the kmiedge of programming
in order to set up the model (Law and McComas, 1998 the other hand, simulators such
as WITNESS, PROMODEL, SIMPROCESS etc allow a persorsimulate a system
contained in a specific class of system withoutgmonming (Allan, 1988; Law and
McComas, 1998).

WITNESS is the Lanner Group’s simulation softwarachkage (Lanner Group,
2000). It is a culmination of more than a decadkgelopment experience with computer-
based simulation. This experience has led to th@ugen of a visual, interactive and
interpretative approach to simulation without theed for compilation. The benefits of the
WITNESS approach are as follows:

(1) People can gain commitment by working togethgra team in creating and

using WITNESS models.

(ii) Models can be built and tested in small incesntal stages, which greatly
simplifies model-building, provides the ability tdentify errors in the logic
and makes the model more reliable.

(i)  The model can be changed at any time duritgy run. Changes are
incorporated immediately leading to faster modeldmg.

The applications of WITNESS are evaluating capjpabdjects, running models
regularly for testing production schedules, evahgptalternative proposals, improving
existing facilities and managing changes. In additWITNESS can be applied in a wide
range of industries such as automotive, chemitatt®nics, aerospace, engineering, food,
paper, government, transport, banking and finance.



3.0 Background of the case study

As mentioned earlier, this research is a real-fese study conducted in a
manufacturing company. For anonymity purposes, dampany’s identity will not be
disclosed and it will be denoted as Company A is gaper. The company specializes in
the fabrication and manufacturing of metal parts feachineries. Among the major
products of the company are electronic chassigydgg scanner and metal detector. In this
research, an electronic chassis model named ‘E€bkan chosen for the case study. The
reason for choosing this product was because hscktion process was complicated.
Moreover, the company had indicated that it wastaproductivity problems in fabricating
this product.

EC is an electronic chassis that consists of tweatys where each of them will
undergo different processes as shown in Figura adtlition, the number of processes that
needs to be undergone by each part is differentvels Although each part will be
fabricated through different processes, the profiessof each part is almost the same. In
the initial stage, all the twenty parts of EC candivided into three categories. The first
category of parts can be cut directly using lasdtimmy machines without any preceding
process. On the other hand, the second categosystemf two parts that need to be turret
punched first before being sent for laser cuttinghe third category, there are six parts that
need to be sheared and then sub-out to contrafttorsire cutting. After either the laser
cutting or wire cutting process, all the parts il sent to the deburring process.

Once the parts have been deburred, they will bevaated to three different
processes (countersinking, hair lining and brushbagsed on their specifications. Some of
the parts will be sent to the countersinking precksfore proceeding to the hair lining
process. On the other hand, some parts can betraed directly to the hair lining process
while some will be sent to the brushing proces#loling this, those parts that need to be
bent will proceed to the bending process beforadgeent to the subcontractor while the
others will be directly sent to the subcontractorfinishing (Alodine and Silver Plating).

All the parts that are completed and returned kystiibcontractors will be inspected
for quality before proceeding to other processdterAyuality inspection, some parts will be
directly sent to the stamping of part number, aackpng process. On the other hand, some
parts will be pressed nut while the others will i screened before proceeding to the
press nut process. After press nut, the partsheilinspected, stamped with part number,
and packed. When all the parts have been compl&ibhcated and packed, they will be
sent to customers.

The fabrication process of the EC product consi$tgariables that are non-linear
and complicated. Besides this, there are too manghbies which make it difficult to model
the situation mathematically. Therefore, simulatshrould be used to examine the system
and analyze its operating characteristics. In &fdisimulation can be used to analyze and
predict the effect of changes to the existing syste
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Figure 1: The process flow of EC fabrication



40 Methodology

After understanding the whole process, a simulatimuel can be built to explore
and investigate the problem faced in the fabrica6dEC. This will subsequently help the
company to find out the causes that contributehéogroblem. Before building the actual
simulation model, a conceptual model needs to lie bu

4.1  Construction of conceptual model

A conceptual model is an initial framework priordonstructing a simulation model
(Law, 2005). Having a clear conceptual model isessary to visualize the manufacturing
process studied Generally, it shows the machingsamesses, buffers, and flow of parts or
materials. Figure 2 shows the conceptual modelHercurrent process. As can be seen,
there are 13 processes needed to manufacture dater&C product where each part needs
to undergo different processes.
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Figure 2: Conceptual model of the current EC maetufing process



4.2  Datacollection and analysis

At the same time, the cycle time of each processefach part needs to be
determined. Throughout this project, the cycle tioieeach process for different parts, as
well as the set up time required for certain maesijrhave been collected. A key issue in
this activity is to determine how many sets of daad to be collected. The number of data
sets (i.e. sample size) required for different eyaine would be different depending on the
actual behavior of the individual process and paitially, 10 sets of data were collected
for each of the cycle time. Based on these dagacohresponding mean, standard deviation
and t-value (based on a 95% confidence level) waleulated. Using the equation,

n = (ts/ k>_<)2 —————————— (1) (adapted from Taylor (2007))

where n = sample size or number of replications
t = t-value
s= standard deviation
k = allowable error, 5%

X =mean

the required sample size for each of the cycle tiras then computed. If the calculated n >
10, this indicates that more data need to be deliedn contrast, if the calculated n18,
this shows that the number of data collected ifcsant.

Once all the data have been collected, their digions were determined using the
Goodness-of-Fit Test (Banks et al, 2005). Sincectlate time variation for each process is
relatively small, it could be assumed that the eyine distribution for each process is
uniform. In addition, there are too many processed parts, where each of them has
different cycle time. Thus, it is not practicaldnalyze the cycle time distribution for all the
processes and parts. However, the variation forstiteup time of the laser cutting and
shearing machines is large, therefore Goodnesstdfelst was carried out. The test results
indicate that the set up time for both the machise®rmally distributed. In short, the cycle
time for each part and process has been summanzeable 1, while Table 2 summarizes
the machines’ set up time.



Table 1: Summary of the cychedifor each part and process

Part CycleTime
No. Part Name Process Digtribution Min M ax
Value Value
P1 Plate Nut #6-32 Laser Uniform 1.45 1.47
Deburr Uniform 4.17 4.52
Hairline Uniform 0.49 0.50
Alodine Uniform 29.00 31.00
Pressnut Uniform 2.67 2.87
Stamp Uniform 2.97 3.05
P2 Mounting Plate Shearing Uniform 1.17 1.23
Wirecut Uniform 2.26 2.28
Deburr Uniform 4.17 452
Brushing Uniform 4.10 4.61
Silver Uniform |  30.00 32.00
Plating
Stamp Uniform 2.47 2.51
P3 Strap Shearing Uniform 1.42 1.67
(Output Cap) Wirecut Uniform 1.23 1.25
Deburr Uniform 3.52 3.82
Brushing Uniform 1.54 1.73
Bending Uniform 3.60 3.83
Silver Uniform 30.00 32.00
Plating
Stamp Uniform 2.98 3.05
P4 Strap Shearing Uniform 1.65 1.75
(Detector Cap) Wirecut Uniform 2.67 2.69
Deburr Uniform 2.00 2.17
Brushing Uniform 2.05 2.31
Bending Uniform 2.53 2.78
Silver Uniform |  30.00 32.00
Plating
Stamp Uniform 2.03 2.17
P5 Cover Laser Uniform 0.25 0.27
(Voltage Sensor Deburr Uniform 8.30 8.78
Hairline Uniform 1.64 1.68
Bending Uniform 2.03 2.18
Alodine Uniform 29.00 31.00
Stamp Uniform 2.68 2.72




Table 1 (Continued)

Part CycleTime
No. Part Name Process C Min M ax
Distribution Value Value
P6 Box Laser Uniform 0.47 0.49
(Voltage Sensor Deburr Uniform 4.25 4.58
Hairline Uniform 1.64 1.68
Bending Uniform 2.13 2.30
Alodine Uniform 29.00 31.00
Pressnut Uniform 2.52 2.75
Stamp Uniform 2.58 2.88
P7 Cover Laser Uniform 0.30 0.37
(Adjustment Deburr Uniform 3.52 3.65
Pot) Countersink Uniform 3.20 3.35
Hairline Uniform 0.82 0.84
Alodine Uniform 29.00 31.00
Stamp Uniform 2.37 2.42
P8 Rear Panel Laser Uniform 2.27 2.29
Deburr Uniform 4.67 5.10
Countersink Uniform 11.18 11.60
Hairline Uniform 1.23 1.26
Bending Uniform 4.17 4.43
Alodine Uniform 29.00 31.00
Silkscreen Uniform 2.22 2.32
Pressnut Uniform 2.95 3.32
Stamp Uniform 2.00 2.35
P9 Strap (Load Cap) Shearing Uniform 1.57 1.67
Wirecut Uniform 3.23 3.25
Deburr Uniform 4.77 5.02
Brushing Uniform 0.61 0.69
Bending Uniform 4.42 4.65
Silver Uniform 30.00 32.00
Plating
Stamp Uniform 2.13 2.40
P10 | Strap (Tune Cap) Shearing Uniform 1.60 1.75
Wirecut Uniform 3.22 3.24
Deburr Uniform 8.68 9.13
Brushing Uniform 0.61 0.69
Bending Uniform 4.52 4.80
Silver Uniform 30.00 32.00
Plating
Stamp Uniform 2.10 2.13




Table 1 (Continued)

Part CycleTime
No. Part Name Process Distribution Vl\g; Se \/Malalj<e
P11 Mounting Shearing Uniform 2.18 2.35
Bracket Wirecut Uniform 1.33 1.35
(Fixed Cap) Deburr Uniform 7.03 7.53
Brushing Uniform 0.61 0.69
Bending Uniform 2.17 2.35
Silver Uniform 30.00 32.00
Plating
Stamp Uniform 3.02 3.32
P12 Front Panel Laser Uniform 2.47 2.49
(RFS 3016) Deburr Uniform 3.33 3.52
Hairline Uniform 0.49 0.50
Bending Uniform 0.97 1.05
Alodine Uniform 29.00 31.00
Pressnut Uniform 3.53 3.87
Stamp Uniform 2.22 2.37
P13 Front Panel | 2S€'& Uniform 4.87 4.89
Turret
Deburr Uniform 10.42 10.98
Hairline Uniform 1.23 1.26
Bending Uniform 2.68 2.95
Alodine Uniform 29.00 31.00
Pressnut Uniform 4,43 4,72
Stamp Uniform 2.45 2.49
P14 Bracket Laser Uniform 2.47 2.49
(Interlock) Deburr Uniform 6.95 7.32
Hairline Uniform 0.49 0.50
Bending Uniform 1.67 1.85
Alodine Uniform 29.00 31.00
Pressnut Uniform 3.20 3.35
Stamp Uniform 3.50 3.58
P15 Top Cover Laser & Uniform 4.25 4.27
Turret
Deburr Uniform 7.80 8.03
Countersink Uniform 12.93 13.42
Hairline Uniform 0.49 0.50
Alodine Uniform 29.00 31.00
Stamp Uniform 2.58 2.63




Table 1 (Continued)

Part CycleTime
No. Part Name Process Distribution Vl\g; Se \/Malalj<e
P16 Side Panel Laser Uniform 3.47 3.49
(Load) Deburr Uniform 5.82 6.37
Countersink Uniform 9.67 10.00
Hairline Uniform 0.49 0.50
Bending Uniform 3.58 3.83
Alodine Uniform 29.00 31.00
Pressnut Uniform 2.53 2.72
Stamp Uniform 2.38 2.46
P17 Side Panel Laser Uniform 2.75 2.77
(Tune) Deburr Uniform 4.88 5.35
Countersink Uniform 11.20 11.58
Hairline Uniform 0.49 0.50
Bending Uniform 4.05 4.47
Alodine Uniform 29.00 31.00
Pressnut Uniform 3.12 3.38
Stamp Uniform 2.18 2.25
P18 Motor Panel Laser Uniform 4.42 4,44
(Universal) Deburr Uniform 6.93 7.42
Hairline Uniform 0.49 0.50
Bending Uniform 3.98 4.20
Alodine Uniform 29.00 31.00
Pressnut Uniform 2.18 2.38
Stamp Uniform 2.05 2.15
P19 Baseplate Laser Uniform 1.17 1.19
(Bias Match) Deburr Uniform 7.45 7.85
Countersink Uniform 12.62 12.90
Hairline Uniform 0.49 0.50
Alodine Uniform 29.00 31.00
Stamp Uniform 2.35 2.48
P20 Motor Mount Laser Uniform 0.48 0.55
(Universal) Deburr Uniform 3.33 3.55
Hairline Uniform 0.49 0.50
Alodine Uniform 29.00 31.00
Stamp Uniform 2.15 2.40




Table 2: Summary of machines’ set up time

Parameter
Description
P Distribution M ean Star.1da.1rd
Deviation
Laser Cutting Machine Set Up Normal 10.98 1.40
Shearing Machine Set Up Normal 9.66 1.17

4.3  Development of simulation model

Upon completing the data collection and analysiasgh the next step was to build
the simulation model. The simulation software — WHSS was used for this purpose due
to its benefits and advantages highlighted eapecifically, the simulation model consists
of parts, machines/processes, buffers and attgbieere are 20 parts, in which each part
would undergo different processes. In addition,dpele time for each process is different
for different parts. Therefore, attributes wouldused to distinguish the cycle time and the
process that each part needs to undergo. Firkgyparts would be pulled by the machine
(laser cutting or shearing) to be processed. Ttiey, would be pushed to other processes
based on the attributes that have been set in gathA list of elements or components
(and the abbreviations used) built into the simatamodel is provided below.

PART

P1 : Plate Nut #6-32

P2 : Mounting Plate

P3 : Strap (Output Cap)

P4 : Strap (Detector Cap)
P5 : Cover (Voltage Sensor)
P6 : Box (Voltage Sensor)
P7 : Cover (Adjustment Pot)
P8 : Rear Panel

P9 : Strap (Load Cap)

P10 : Strap (Tune Cap)

P11 : Mounting Bracket (Fixed Cap)
P12 : Front Panel (RFS 3016)
P13 : Front Panel

P14 : Bracket (Interlock)

P15 : Top Cover

P16 : Side Panel (Load)

P17 : Side Panel (Tune)

P18 : Motor Panel (Universal)
P19 : Baseplate (Bias Match)
P20 : Motor Mount (Universal)

PRODUCT : Assembled ES Product



OPERATION/MACHINE

LASER
SHEAR
WIRECUT
DEBURR
CSK
HAIRLINE
BRUSH
BEND
ALODINE
SILVER
SILKSCREEN
PRESSNUT
STAMP
ASSY
DLA

DSH

DWI

DDE
DCSK
DHL

DBR

DBE

DAL

DSL

DSS

DPN

DST

BUFFER
BLA
BSH
BWI
BDE
BCSK
BHL
BBR
BBE
BAL
BSL
BSS
BPN
BST

LABOR

: Laser Cutting /Turret Punching Machine
: Shearing Machine
: Wire Cutting (Sub-Out)
: Deburring Process
: Countersinking Process
: Hair Lining Machine
: Brushing Process
: Bending Process
: Alodine Plating Process (Sub-Out)
. Silver Plating Process (Sub-Out)
: Silk Screen Process

: Press Nut Process

: Stamp Part Number (including inspection)

: Assemble all parts into a product
: Dummy Machine to Accumulate 20 Parts aftaser Cutting

: Dummy Machine to Accumulate 20 Parts afleearing

: Dummy Machine to Accumulate 20 Parts aWére Cutting

: Dummy Machine to Accumulate 20 Parts aleburring

: Dummy Machine to Accumulate 20 Parts afteuntersinking
: Dummy Machine to Accumulate 20 Parts aftair Lining

: Dummy Machine to Accumulate 20 Parts agarshing

: Dummy Machine to Accumulate 20 Parts algending
: Dummy Machine to Accumulate 20 Parts afdwdine Plating
: Dummy Machine to Accumulate 20 Parts a8#ver Plating

: Dummy Machine to Accumulate 20 Parts &8ilir Screen

: Dummy Machine to Accumulate 20 Parts afterss Nut

: Dummy Machine to Accumulate 20 Parts afttxmp Part Number

: Buffer before Laser Cutting

: Buffer before Shearing

: Buffer before Wire Cutting

: Buffer before Deburring

: Buffer before Countersinking
: Buffer before Hair Lining

: Buffer before Brushing

: Buffer before Bending
: Buffer before Alodine Plating
: Buffer before Silver Plating

: Buffer before Silk Screen

: Buffer before Press Nut

. Buffer before Stamp Part Number

WLA : Worker that sets up and operates Laser Qutfliurret Punching Machine
WSH : Worker that sets up and operates Shearindiiac



SHIFT

MONTHU (Sub-Shift) : Operations hour from MondayTbursday
FRI (Sub-Shift) : Operations hour on Friday

Week : Operations hour for one week
ATTRIBUTE

P : Part Number

LACT : Laser Cutting/Turret Punching Cycle Time
SHCT : Shearing Cycle Time

WICT : Wire Cutting Cycle Time

DECT : Deburring Cycle Time

CSKCT: Countersinking Cycle Time
HLCT : Hair Lining Cycle Time

BRCT : Brushing Cycle Time

BECT : Bending Cycle Time

ALCT : Alodine Plating Cycle Time
SLCT : Silver Plating Cycle Time

SSCT : Silk Screen Cycle Time

PNCT : Press Nut Cycle Time

STCT : Stamp Part Number Cycle Time

In order to achieve a reasonable blend of dettibs,following assumptions have
been made:
(1) The manufacturing system operates 8 hours agraad 5 days per week.
(ii) The operating time is as follows:
Monday to Thursday: 0745-1015 (Work)
1015-1030 (Break)
1030-1230 (Work)
1230-1315 (Lunch)
1315-1515 (Work)
1515-1530 (Break)
1530-1700 (Work)
Friday: 0745-1015 (Work)
1015-1030 (Break)
1030-1245 (Work)
1245-1415 (Lunch)
1415-1730 (Work)
(i)  Each machine can process only one part aha.t
(iv)  Once an operation is started, it is not inipted.
(V) There is no reject or rework.
(vi)  Machine breakdown time is negligible.

By incorporating all the above elements and detaitsl inputting all the collected data (e.qg.
cycle time and set up time), a simulation model basn developed and it is shown in
Figure 3.
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Figure 3: Simulation model for the current system



4.4 Model Verification

Model verification is very important in simulatiomodeling to ensure that the
program of the model performs as intended. In etape, the model was run with different
set of input parameters (Carson, 2005) and thdtsesere checked (e.g. checking whether
the outputs were reasonable or not). The stepermfication were repeated stage by stage
to ensure that the model was correct. By usingaboach, corrective actions can be taken
immediately once it has been identified that thededds not performing as expected. In
addition, it is easier to identify the problem Ietmodel when verification is done stage-by-
stage as compared to verifying the whole model aftlyr its completion.

Throughout the simulation modeling, consultatioonirexperts is needed to ensure
that the model resembles the real situation as raggbossible (Carson, 2005; Law, 2005).
Discussions with the production personnel of theeceompany have been done to get a
better understanding of the real situation in thigritation of the EC product and to ensure
that the model is performing as how the real sysiparates.

45 M odel Validation

After building and verifying the simulation modélhas to be run for a certain time
period to ensure that it is a true representatiothe system (Law and McComas, 1998;
Law, 2005). Thus, model validation is needed t¢ ties overall accuracy of the model. In
this project, model validation was done by compatire data generated by simulation with
the actual production data (Carson, 2005; Sar@&@s; Law, 2005). In order to validate
the simulation model, the quantities of shippeddprts from both the simulation model
and the actual production were compared. FigurboWs the comparison of the outputs
generated by the simulation model, with the acbudbputs.
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Figure 4: Comparison of simulation model outputd aatual outputs



From Figure 4, it can be seen that the outputsrgéea by the simulation model are
just slightly different from the actual outputs.ul it can be concluded that the simulation
model is valid as it is able to represent the dditaation.

46  Determination of warm up period

Before conducting a full simulation run, the warm period of the model needs to
be determined. Warm up period is the duration néégehe simulation model to transform
from transient behavior to steady state (Law anliokie 2000). The results generated by the
simulation model during the warm up period showdlisregarded.

In order to determine the warm up period, the satioh model was run for 1000
minutes and the utilization of the laser cuttingciiae was recorded every 10 minutes. The
time needed for the model to achieve steady stateeiwarm up period. Figure 5 shows the
laser cutting machine utilization for 1000 minutés.can be seen that the machine
utilization is 0% until 465 minutes. This is becaube production starts at 7.45am (465
minutes), thus the utilization remains at 0% frormute until 465 minutes. From 465
minutes onward, the utilization starts to increbaeit keeps fluctuating and is not stable.
From 600 minutes onward, the utilization starta¢bieve steady state where the variation
has become less. Thus, it can be concluded thatdha up period is 600 minutes.
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Figure 5: Utilization of the laser cutting maahin

4.7  Determination of number of replications

After determining the warm up period, the numberegfiications for the simulation
run needs to be determined as well. It represdr@ssample size required based on a
predefined relative error from the simulation outpuestimate the output parameter (Law
and Kelton, 2000). In order to determine the nundiaeplications, the simulation model



was initially run for 10 replications with a rumigth of 129600 minutes (3 months) and the
outputs generated were recorded. The outputs éot@replications are shown in Table 3.

Table 3: Outputs for 10 replications of the curreydgtem

Observation Output

240
280
260
260
260
280
260
240
260

10 260
Total 2600

OO (N (O WIN|F

Based on the calculation using equation 1 (Tayk®Q7), it is indicated that 6
observations are sufficient for an allowable enbb5% with a 95% confidence level. Thus,
no additional replication is needed. Therefore, siraulation model will be run with 6
replicates for all the experiments that would baleated.

4.8 Simulation run

Based on the results generated from the simulatior(as shown in Table 4), it can
be seen that the current performance of the systenot satisfactory. The total output
generated is low where the company is only ablgréoluce 260 units in three months (the
target of the company is 320 units). On the otlaard) the average WIP is very high and
this indicates the occurrence of a bottleneck. dissithis, the utilization of machines and
labors is low (merely 36.61%). This shows thatdheent system for manufacturing the EC
product is not effective. Thus, efforts need tddlesn to address this problem.

Table 4: Results from the simulation run of therent system

Performance M easure Value
Total Average Output Per Quarter 260
Total Average WIP 1111
Total Average Time Per Part (min) 490.22
Total Average Utilization 36.61%




50 Modificationsto the system

Based on a thorough analysis of the simulation ltesas well as the actual
production system, it can be seen that there areyrparts waiting for the completion of
other parts or components before they can be assdnmbo a complete product. This could
indicate that the scheduling method implementqubs where the sequence in scheduling
the parts to be fabricated is inappropriate. Ondtier hand, the parts are blocked at the
deburring department. This indicates that thei® limttleneck at the deburring department.
Probably, there are insufficient workers in thistigallar area. In addition, some of the parts
need a long time to be completed. This could betduke inappropriate process sequence.
Thus, the process sequence could be changed. Byidgathe process sequence, it is
anticipated that the cycle time for some activitegh as the hair lining and brushing
processes, can be shortened.

On the basis of the above discussion, three ali@as have been suggested to
improve the existing system. They are:

)] Change the process sequence by putting the limang and brushing processes
before the laser cutting and shearing activitidss Tould save a lot of time because
there is no need to hair line or brush the sepamtgponents one by one (the parts
will be hair lined or brushed first before beingda cut or sheared into separate
pieces).

ii) Add one or two operators in the deburring dément. By doing this, more parts can
be deburred at the same time. This could reduce/#iting time of the parts as well
as the bottleneck.

iif) Use priority rules (i.e. Shortest Total Prosesg Time (STPT), Longest Total
Processing Time (LTPT), Last Come First Serve (LZE8ast Operation (LO) and
Most Operation (MO)) to schedule the parts for i@diion. These rules are selected
based on the request and recommendation from geeccanpany.

Using the methodology discussed earlier, the sittmriamodels for all the proposed

alternatives have been built and they are showigares 6, 7 and 8.

6.0 Results and discussion

After running the simulation models for all the posed alternatives, the results
obtained are summarized in Table 5. Based ondbig tthe results for each alternative can
be compared and the best alternative can be selecte

The outcomes indicate that the alternative of agldine operator in the deburring
department is the best. This is because it card yiie¢ highest output increment and
utilization (machines and labors) improvement. Hiternative of adding two operators
results in the same total output as adding oneabgerThis shows that adding more than
one worker would not yield a higher increase ofpaut This could be due to other
constraints such as the limited capacities at otlekstations that restrict the productivity
of EC fabrication. On the other hand, the altemeadf adding one operator does not yield
the best improvement in terms of Work in Progr&g$R) reduction and time reduction as
compared to adding two operators. However, the Y& tRiction and time reduction for the
former is just slightly different than the latt@herefore, it is recommended to add only one
operator in the deburring department instead of fiWos is because adding two operators



will incur a higher cost. In addition, it will onlyesult in the same output and a slightly
better outcome (in terms of WIP and time), as caegb&o adding one worker. In contrast,
adding one operator is more economic and it iSaafft to improve the output, WIP, time

and utilization significantly.

On the other hand, if the company intends to im@rtche fabrication process
without incurring any cost, the company is recomdezhto change the process sequence
where the hair lining and brushing activities ahéfted to become the initial processes
before the sheet metal is cut into individual pgec€hanging the process sequence can
increase the total output by 3.08%, reduce WIP&88%, reduce average time per part by
1.28% and increase utilization by 7.59%. This cdadddue to the time that has been saved
in hair lining and brushing the components. Howetee improvement resulted from this
alternative is not as much as the improvement gainem adding one operator. Even
though adding one operator will increase cosiniggrovement yield is much better. On the
other hand, changing the process sequence miglit ireéonger traveling distances of parts
which will indirectly increase the operation coshus, the company should consider the
traveling distance aspect before choosing thisoapti

From the simulation run, it can be seen that usiiffgrent priority rules does not
have much impact on the fabrication of EC. All tréority rules used in scheduling the
parts for fabrication do not yield any output inoent. Although the adoption of the LCFS,
LTPT and MO rules can reduce the average time p&t, phis improvement is not
sufficiently significant to increase the averagépaoitt This could be due to the bottleneck at
the deburring department which delays the parts fppoceeding to the next process and
limits the effect of changing the parts sequenee&ddition, these priority rules do not have
much effect on WIP and utilization. Interestinglye STPT and LO rules could even make
the situation worse than the current process. iBhizcause both of them would increase
WIP and reduce utilization. Thus, they should netused in scheduling the parts for
fabrication. In short, using priority rules doeg gield a significant improvement.

7.0 Conclusions

This paper has presented the results of a casg stumtlucted to illustrate the process of
performing simulation modeling, as well as its aggtions in a manufacturing company.
Specifically, the steps involved in the simulatimodeling of electronic chassis fabrication
(e.g. conceptual model construction, data collectend analysis, simulation model
development, model verification and validation, maup period determination etc) have
been described. In addition, its applications asaaalyzer and evaluator of the i)
performance of the current manufacturing systemigreffectiveness of a few proposed
improvement alternatives or modifications, haverbéemonstrated. The simulation results
indicate that the performance of the current prtdacsystem is not satisfactory. Among
the improvement alternatives proposed to addrassptioblem, the option of adding one
operator in the deburring department is shown tthbebest. In essence, this case study has
provided useful insights and directions on how satian modeling can be conducted and
applied. It is hoped that this study will be benki to companies that are either attempting
or struggling to perform simulation modeling.
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Table 5: Comparison of results for all alternatives

Total Total Total Total Total Total Total Total
Average Average Average Average Average Average Average Average
Alter natives Output Output WIP WIP Time Time Utilization Utilization
I ncrement Reduction Reduction I mpr ovement
(%) (%) (%) (%)

Existing 260 - 1111 - 490.22 - 36.61 -
Alternative 1
Change Process 268 3.08 685 38.34 483.96 1.28 39.39 7.59
Sequence
Alternative 2
Add 1 Operator 332 27.69 373 66.43 389.89 20.47 40.59 10.87
Add 2 Operators 332 27.69 354 68.14 389.68 20.51 38.02 3.85
Alternative 3
LCFS 260 0 1055 5.04 489.98 0.05 36.67 0.16
STPT 260 0 1131 -1.80 490.23 0 36.50 -0.30
LTPT 260 0 1049 5.58 490.00 0.05 36.68 0.19
LO 260 0 1140 -2.61 490.23 0 36.49 -0.33
MO 260 0 1040 6.39 489.18 0.21 36.74 0.36
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