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ABSTRACT

Productivity is a measure of performance in theusty, organization or factory. The
project is focused on bread production line in edey of Mama Bake Industry. The
study is about improving production productivityeducing the waiting time in
production, increase the production in one dayrdeoto achieve target in shorter time.
Initially, collection data in terms of cycle timed$ each machine or workstations, the
area require by the workstations. During the uisithe factory, observation period is
about a day, the tools used to record time and unealstance, area required by each
workstation, and area of the factory is done byhgisbmart Phone Atrix 2 with
stopwatch and smart measure which have the funtbioneasure the distance of the
object to the user. After data are collected, foilg by using Witness software, the
original plant layout model is created, then 4 othew layout model is created and
simulate all of them together with the original day, then the productivity and the
efficiency of the layout is calculated and recandhe result. From the study, the main
problem found is the space are small, some pratask due to not enough capacity in
buffer provide, where the bottleneck occur, but semg the walls, and balanced the
production line more buffer capacity can be proslidéhus the process can proceed
without delay and waiting. Among all new layoutsngeproposed and simulated in
Witness Software, the one with higher improvemenpiioductivity and plant layout
efficiency will be chosen.
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ABSTRAK

Produktiviti adalah ukuran prestasi dalam indusirganisasi atau kilang. Projek ini
memberi tumpuan kepada pengeluaran roti di kilaragnisl Industri Bakar. Kajian ini
adalah di atas meningkatkan produktiviti pengelmaraengurangkan masa menunggu
dalam pengeluaran, meningkatkan pengeluaran daamhari untuk mencapai sasaran
dalam masa yang lebih singkat. Pada mulanya, pemglamdata dari segi masa kitaran
setiap mesin atau stesen kerja, kawasan yang m&aerbleh stesen kerja. Semasa
lawatan ke kilang, tempoh pemerhatian adalah kinaadehari, alat-alat yang digunakan
untuk merekod masa dan jarak langkah, kawasan gigaglukan oleh setiap stesen
kerja, dan kawasan kilang itu dilakukan dengan rgengkan Telefon Pintar Atrix 2
dengan jam randik dan langkah pintar yang mempufwyaysi untuk mengukur jarak
objek kepada pengguna. Selepas data dikumpulkaikuten dengan menggunakan
Witness Software, model susun atur kilang asal gidkan, maka lain 4 model susun
atur baru dibuat dan meniru semua mereka bersama-dangan susun atur asal, maka
produktiviti dan kecekapan susun atur dikira dakodekeputusan. Dari kajian ini,
masalah utama yang terdapat adalah ruang yang kecfles beberapa terperangkap
kerana tidak kapasiti yang mencukupi dalam menkedigpenampan, di mana leher
botol berlaku, tetapi membuang dinding, dan barigangeluaran kapasiti penampan
yang lebih seimbang boleh disediakan, oleh itu ggogu boleh diteruskan tanpa
penangguhan dan menunggu. Antara semua susunaatulyéng sedang dicadangkan
dan simulasi dalam Witness Software, satu dengamgleatan yang lebih tinggi dalam
produktiviti dan kecekapan susun atur kilang akigrikl.
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CHAPTER |

INTRODUCTION

1.1BACKGROUND OF STUDY

Nowadays, the efficiency of a plant has influenbgdts plant layout of the machine
for operation. The influence of an efficient layaurt the manufacturing function is that
it makes it smooth and efficient. The operatingceghcy, like the economies in the cost
of handling material, minimize the production daland avoidance of bottlenecks are
all depend on a proper layout. Using Witness Saftvimone of the solution for solving

the layout problem .

1.2 STATEMENT OF PROBLEM

The layout problem will usually occur in SME Compamand it is concern
greatly nowadays since will affect the plant effiecy. The sign of lack in efficiency
can be discovered when the machine is breakdowrtrendroduct need to take longer
time to be produced, where with proper layout alhacation of time for maintenance
for machine will avoid this problem. Sometimes ttmproper layout may cause a delay
when the half finish product need to deliver to theo department or machine in a

midway, where the obstacle like other machine angdh may have the half finish



product to make a long walk before deliver to thecsfic machines or department to be
processed. So the study is to improve better pésoiut as to eliminate bottlenecks and

delay by using the WITNESS software simulation gsial

1.3 RESEARCH OBJECTIVES

The objectives of this project are:

1) To identify and eliminate non value added (NVA)dtes such as travel
distance and bottleneck processes by using WITN&8@lation Software.

2) To develop and propose an efficient layout whicbhldancrease company’s

productivity and manufacturing efficiency.

1.4 PROJECT'S SCOPES

The scopes of this project are:

1) Use the data of cycle times and the capacity ofntaehine process half-finish
product and run the simulation by using the WITNESS8tware for real time
simulation

2) The study will be carried out at the selected potida line in MAMA BAKE
Enterprise.

3) Sandwich bread will be chosen in calculating prdigity and simulation in the

efficiency calculation of the plant layout.



CHAPTER Il

LITERATURE REVIEW

2.1 INTRODUCTION

The plant layout plays a major role is in improvimgnufacturing performances.
Better layout could give lower production time, &g the delays and the bottleneck,
So at the same it increases the productivity, $aeost, and thus increase the profit gain.
Many manufacturing companies are now working toagkbetter and more efficient lay
for their manufacturing operation, and one of thethond has used WITNESS software
to run simulations in determining the most effi¢ciehthe layout exist long time already

or just proposed.

2.2 ANALYSIS PLANT LAYOUT DESIGN FOR EFFECTIVE PROD UCTION

In the industry sectors, it is important to mantdiae a product which has good
quality and at the same time meet the need and riismaf the customer quoted from
(Watanapa et al. 2011). The analysis can be coedueith existing information or
resources such as he employees, machine and athi@refs. Plant layout improvement
is one of the tools that could increase the pradizt Good plant layout design could
influence the company’s performance such work igfficy, cycle time (Watanapa et al.
2011).

To create the most effective plant layout, it ieaed to appropriately plan and

position employees, materials, machine, equipmemd, other manufacturing supports



and facilities They are several methods for plagbut improvement such as systematic
plant layout (SLP), algorithms, arena simulatioat tban be applied to the plant. Firstly,
one of the procedures to be followed in doing thenilayout design is first, the

fundamental of plant layout have to be studied ted#fand. Second, the machine is
collected. Third, the process for product productiall be used in the analysis. Fourth
present layout was analyzed to identify the probiemer flow material and operation.

The last step is that suggestion was collected tindtes the report and proposed to

authorize to make decisions for rearrangementi@iptant layout.

2.3 USING WITNESS SIMULATION SOFTWARE AS A VALIDATI ON TOOL
FOR AN INDUSTRIAL PLANT LAYOUT

In industry, the modeling and simulation technidpa@e been always the power

tools devoted to analyze the best plant layouafomdustrial plant.

The implementation of new plant layout is a typigdtter which was studied by
the logistics experts using the modeling and sitrariaechnique, and now it's also one
of the aspects discussed in academics to educategyengineers and researcher in
industrial engineering. Several facts are takew iatcount during the design and
implementation of new layouts, such as the numlbeypmes of machineries, ancillary
facilities, forklifts, human resources, distancetween machines and so on. Using
Witness Software for application of simulation tsign of industrial plant layout with
goal of analyzing flows, this tool provides infortimm of “what if” analysis and

animated in two of three dimensions.

The Witness software is a process simulation soéwaith the purpose of
education and business, and one of the most seitsibhulating plant layouts. In
different business cases this tool has been sudatlgsassed to design plant layout, in
recent past Witness software has been used to bwgp&an aeronautics company
Airbus in designer the wing production facility fdre new passenger aircraft A380, the
world’s largest airplane ever produced. Airbudean wing production process using
Witness software to ensure it and at the same piroeides a good overall view of the

factory life. And Witness software able to give etalled perspective in all process



phases by using the Witness software it broughnifsegnt savings in terms of

equipment.

In this section, the simulation of the model by WHSS reproduces the widget
production line, by just using one normal forkMith a capacity of 2000 kilograms.
The objective of the author using the simulationdeias to identify the criticalities in
the system in order to validate a hypothetical playout of a certain daily flow
material. The model will allow formulating “What tanalysis which will eventually
identify “bottleneck “on the system.

The model reproduces a widget plant in which thifedint flow of material is
interfaced. Each of this flow feed to a series iffedent machines which transform the
semi-finished product to finished widget or prodantl ready to be sent to the shipping

warehouse.

In the Witness Software it is possible to set paans to the machines, forklifts
and buffers such as the capacities, the procesisimag or speed for the forklift. Which
allows different scenario to be observed and amalyhe simulation model presents a
unique forklift to serve all the machines, and @sgible to bring the semi-finished
product from out, and move along to the predefiseginent which connects machines,
buffers and entry point. The forklift presents & bf missions and added to the queue
once a buffer or a machine “calls” the forklift. ing the uploading process, it is
required to set “parking point” to hold it whenistidle along some of the segments. In
WITNESS the forklifts and machines can assume i@ [fastatuses. Idle which mean
the object is inactive; busy mean the object iskimgy; blocked mean the object not
able to be managed the missions due to high watkldeamand mean the forklift is in
motion going to pick up a part; transfer mean thiklift is moving along the tracks
searching for a mission; loaded mean the forldiitarrying a part towards a machine or
buffer. All the status reported will be in tabutargraphical form showing a chart states
for the object. Several input parameters have tsdiein the track object. Such as
loading and unloading time of forklift, roll lengif the track and its capacity (when

they are a case of more than one forklift).



2.4 PRODUCTIVITY IMPROVEMENT IN INDUSTRY BY USING WITNESS
SOFTWARE

To improve plant layout, every phase of plant opena and diverse
consideration such as order taking, utilities, sdeegentilation requirement, and all
process and activities. It is difficult to takefdient account in any problem, so they are
one approach documented in Richard Muther’'s SimepliBystematic Layout Planning

(1994). And this broken down into six steps.

The first step is by identifying department, adies, work centers including in
the project. Keep in the range of 10 to 15 diffeneark center with maximum number
is 20. Using a relation chart to show closenesss@hlie Necessary; Especially
Important; Important; Ordinary; Unimportant; Not sti@ble) and with value as a
symbol (A, E, I, O, U, X) require between 2 workiognters. There are some examples
of a specific relationship value like to share gguent, shared personnel, movement of
material, movement of personnel, shared utilitidsijse, Dirt, contamination, fumes,
shared dock, supervision, the cost of material hagdThe second step in Muther’'s
method is to prepare an “ Activities Area and FeatB8heet”. At this point the area
required for each activity, WorkCentre, and theatapent will need to be determined.
And the time for each activity should be determiasdwell. The third step is building
up the diagram activity relationship. At first thede diagram is constructed, showing
graphically the activities and their close relasibip between the department, work
center or activities. And show the arrangement feeénd after improvement layout.
The fourth step is draw space relationship betwkerdifferent department or show the
flow of material between the department. Then fifta Btep is evaluating alternative
arrangement Using a symbol as A,E,1,0,U rating shiggest in a first step and convert
the letters to numbers (A=4, E=3, 1=2, O=1, U=0) #otal up the rate value for each of
the layout design, and choose a layout that sthkehighest score. The sixth step will

be developing final plan we be used as a guidegtailing plant.



2.5 Facility Layout

In layout decision, it consists in determining filacement of department, work
group within departments, machines, workstatiord astock-holding point within the
production facility. The department arranged inaaility general defined by their
pattern of work flow. Basically there are three ibaypes: process layout, product

layout, fixed-position layout ; and one hybrid layohe cellular layout.

Process layout is arranging department of like @gedn that optimize relative
placement. Taking an example the department inwavldume toy volume factory
might consists of receiving and shipping departmtre painting department and the
sewing department. Then parts of the toys are naatwied in these departments and
then sent to assembly departments where they ategether. The difference between
the layout process and product layout is the pattémwork flow. In product layout, the
equipment or departments are dedicated to a pkntiquroduct line. , duplicate
equipment is employed to avoid backtracking, andtraight-line flow of material
movement is achievable. Using the product layoukesasense when the batch size of

the product is large relative to the number ofetddéht parts or products produced.

The assembly line is a special case of productutaydssembly line refers to
progressively assembly linked by some material hagdievice. Some form of pacing

is present, and the allowable processing timeltihalworkstation is equivalent.

There are important differences among line typdseyweof these handling device
like a belt roller conveyor, overhead crane; lioafgguration such as U-shape, straight,
branching; pacing in mechanical and human; produgtin one product or multiple
product; workstation characteristic like workersynsat, stand, walk to the line, or ride

the line; and length of the line with just a fewneany workers.

Fixed position layout different from process anddurct layout in aspect of low
number production units. While developing the posiiayout visualize the product as
the hub of a wheel with materials and equipmerdrgyed concentrically around the

production point in their order of use, where tiheduict is difficult to be moved. Taking



example in building yachts, the rivets that aredugeoughout construction would be
placed close to or in the hull; heavy engine pastsich must travel to the hull only
once, would be placed at a more distant locatiod; @anes would be set up close to

the hull because of their constant use.

The cellular layout allocates the dissimilar maeimto cell to work on product
which have that similar shapes and processing remeint. Taking the example like
Group Technology (GT) layouts are now widely usedmetal fabricating, computer

chip manufacture, and assembly work.

The benefit includes better human relation whers@ensist consist of the few
workers who form a small work team; Improve operagrpertise, there are only a
limited number of different parts of the finite pkection cycle, repetition brings quick
learning for the worker; less in-process inventenyd material handling the cell
combines several production stages; and fastewuptiosh setup where fewer jobs mean

reduced tooling and hence fasting tooling change.

2.6 WITNESS SIMULATION SOFTWARE A FLEXIBLE SUITE OF
SIMULATION TOOLS

In manufacturing enterprise it is found that thewation tool is used most over
time. By using this suite of tools (Witness) ,aliows teams of people to take a look at
the process from a different point of view, andha&t same time able to obtain input of
various people within the organization before amgvone solution where it is best
suited. The process to come to completion whenptiesentation-quality simulation
tools is used to communicate ideas to those wheenttak final decision like the upper
management, investors, CEO’s and CFO’s. Productpdsm suite of tools is
MATFLOW (a material-flow planning system), WITNESSYITNESSVR (virtual
reality software), WITNESS OPTIMIZER simulation seére. This product is
available from Lanner Group, Inc., a leading inétonal manufacturer of decision-

support software.



With WITNESS, the optimization of the manufacturifhgor layout, respect to
material flow provide by the MATFLOW can be furthefined and improve. WINESS
used to simulate full production runs over an aaloyt time period. This allows the
designing facility to get full glimpse of how thegdluction lines might operate in reality.
It is a good way to solve the problem and inefficies that present it in the production
line in the current configuration. WITNESS presany production bottleneck, overly-
idle resources, storage area that is too smalb@iarge and any potential issues with

respect to labor attending to the processing partee designing plant layout tested,

The Witness simulation package has the capabilibesnodel a variety of
discrete (part-based) and continuous (fluids asttfaoving good) element. Depending
on the type of elements, each can be in a numbstabés like idle (waiting), busy

(processing), blocked, in-setup, broken down aniimgelabor (cycle/setup/repair).

The basic discrete modeling elements are PartsfeBuf Machines, and
Conveyors. Parts are simply an object which tra¥edsn one location to another
location. They may be pulled passively by model padh into system by active part

arrival schedule.

And Buffers are just passive storage areas ofefio@tpacity. The buffer can be
configured as “delay” were part must stay for aimum amount of time. It also can be
configured as “dwell” buffers, where they cannatysin the buffer more than specified
time. The part can be ejected from buffer if iblaies any of the condition set.
Combinations of First-In-First-Out / Last-In-Fir&dt sequencing are possible, as well
as the ability to have parts to push to and pulleoh the locations in the buffer other

than the rear and front.

The workhorses of WITNESS are machines. They at&riety of machine type
available in WITNESS such as Single, Batch, AssgmPioduction, Multiple —Cycle,
Multiple —Station.
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Machines are useful for modeling real-life failyrestooling, preventive
maintenance etc. And it can define with setup arehBdown parameters. Conveyors
are defined by a length and index time which remmesthe time it takes a part to move
from one position on the conveyor to the next pasiof the conveyor . The conveyor
itself actively pulled part from the rear and aetw push part of the front. The
Conveyor may be queued or fixed. Fixed conveyomtaam between the parts if part at
the front of the conveyor is blocked. As comparedjtieuing conveyor allow parts to
be compact together even if the conveyor is stopddée time queuing conveyor
stopped when there are no gaps left, completelywhére no part is being removed
from it. Some other discrete elements include ksaand vehicles, labor, shifts,

variables, part attributes.

Continuous elements are used when the movemendrtds |3 represented as a
flow rate and not as an individual. The materiattis used in a continuous simulation
model might be powder, fluids, gases or high voldast-moving part. A good example
of high rate production that suitable for contins@imulation modelling might be small
individual candies, nail, screws, bottle caps, €ther scenarios that suitable for
continuous modeling might include the processindaoge rolls of sheet metal, wire,

adhesive tapes, paper, etc.

WITNESS continuous flow modeling elements comprise Fluids, Tanks,
Processors, and Pipes. As already described, fard be liquids but they also are
powders, gases, grains or high production rate gartusually measured in volume or
weights the fluid and the resulting flow rates. &ixanits can be chosen by the user.
Gallons, liters, or even towns are common to beduge long as their usage is

consistent throughout the simulation it does natenavhat units are used.

The tank analogous to the Buffer element in discpbcessing, the function
was storing fluid. A user indicates tank capaaityl input and output flow rates. Flow
rate is expressed in user determined unit ovesithelation time unit (such as gallons
per hour, liters per minute, cubic centimeters ggond, etc.). On rising or falling the

warning level can be set, allow the user to tak@eaander certain conditions. Just as
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machines can be repaired and retooled, the tanlalsd configure for a cleaning cycle
if it is required.

The pipe element moves the fluid from one locattonanother and it is
analogous the conveyor element in discrete pratg$ipes have input and output flow
rates. As it is defined in the input and output rattached to them. It also has a
maximum volume specification, it determines howgoantook for a given fluid to go
from one end of pipe to another end. It can hawwaks down associated with, for
modeling in an event such as burst, leaks, clogd,adher periodic downtimes. Pipes
also are scheduled for purging or cleaning, amgirtdependent from the breakdown.
When pipe break down, any fluid from pipe can bet $e waste area and recorded in
simulation statistics. It also can be configurethéwe fluid flow of it even at the end no
fluid come out. This allows the convenient modelofggravity fed material handling
systems for fluids, powder or small object. Therapen of the valve (on, off, partially
off) can simply modeled by toggling the flow rati#sathe tanks, pipes and processors
from the positive flow to zero. The processor is #Hlement same as machines in the
discrete processing. It fills the capacity in sfiedi level, then process the fluid with

given times then empties completely.

The processor can be configured for cleaning cya$ewell as a breakdown like
a case of mixing drive motor may fail. It also &t to trigger warning level alarms like
a tank. Finally it is possible to mix fluid with g in the discrete machine element. It is
commonly used when filling the vessel with fluildipaint cans with paint, bottle with
soft drink and etc.. And it also commonly used whige typed of fluid being consumed
in the machined which processing the discrete pahsre may be coolant or detergent
or other cleaning agent being consumed in cleararp phe Witness graphical user
interface is Window compliant. The operation of glation model controls at the
bottom of the screen from the toolbar, which stasteps, and reset the model. Once
basic model is set up; the more detailed is addetid element. Then in the detailed
dialog is where the logic of element entered. Thtited dialog can be invoked by

double clicking on any element on the screen.
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The detailed dialog control logic on element, thgplhy dialog control how it
looks. From display dialog it can change the icenused, text color, assortment of
other item can be attached to the display of eaotieting element. The display dialog

can be invoked by double right clicking on any et on the screen.

The WITNESS report can view on screen in tabulagraphic format. Several
graphical elements are available for summariziagjsgics from a model Pie chart, time
series and histograms provide a meaningful, easdg format for data from a

simulation model run

WITNESS has associated with it up to 500 icongait represent elements on
the screen. Simulation means to model differenha&gtes and compare the results.
Witness provides a plug-in module which can ingeltitly test different combinations
of changes within a model, and indicate the “besbtel based on an objective function
provided by the model builder. In addition, the usgan provide any constraint
information in WITNESS like factors within the mddehich can vary, and what their
range of variation is. Model run-length, as well msmber of replications, is also
indicated by the user.

Objective function defined as normal WITNESS fuont. The example
objective function might be: value of throughpubstof machines, and cost of staff.
During the optimization process, different aspestshe model are varied, and the
resulting value for the objective function will sempared to previous values to see if

any improvement has taken place.

A model optimization dialogue provides a meansufgers to select from several
different objective functions that have specifiadd to indicate whether the function
should be maximized or minimized. With given optation run user can set a warm-
up period which is a period after which statistas® zeroed out, and a model run
continued. The length of a running in simulatiomeiunit, a number of replications or
reproduction and information on how random numbems to be varied for each
replication. Several optimization methods is preddlike running all possible

combinations, Min/Mid/Max value of all value of thariable being run; Hill Climb
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which generates random iteration with high qualgyaccepted otherwise rejected;
Which generate random combinations of variableeal®nce a WITNESS model has
been completed and results emerge, it can credf@ Wirtual Reality version of the

model.

2.7 ASTUDY ON FACILITY LAYOUT IN MANUFACTURING PRO DUCTION
LINE USING WITNESS

Using the WITNESS software able developed a speddsign of facility layout
for a production line, implement a new facility ¢ait is very consuming time and
require a huge amount of investment. Today indalsand manufacturing are facing the
problem of the competitive environment that affée facility design and engineering
activities. Simply increasing price of product istran option. Latest advances in
manufacturing were rapidly applied by the companyan effort to increase the

efficiency of the factory, quality control, enharmoanufacturing flexibility.

Facility layout is defined as the physical arrangatrof everything needed for
product or service including personnel, raw matesiad finished goods; To put it
simply it is the arrangement of area within a fiégi(Roslin et al. 2008)The efficient
design of a facility layout has generally been ggtped as one of the most important
solution for the facility layout problem (Roslin &t 2008). Effective layout can utilize
space and labor efficiently, facilitate the engyit, and placement of material, products,
and people, eliminate bottlenecks, reduce manuiagteycle time, minimize material

handling costs, and increase productivity, througtgp profitability (Roslin et al. 2008).

In manufacturing facility layout there are two tgpef layout, the basic layout
and hybrid layout. The three basic layout is thecpss, product and fixed layout.
Whereas the other three types of hybrid layoutscatkilar, flexible manufacturing
system, and mixed-model assembly lines. Patterfloaf may be viewed from the
perspective of flow within the department , betwedgpartments and within the
workstation. This software also can provide infotiova to predict outcomes, identify
bottlenecks, analyze problems, and formulate swisti It is also able to provide

immediate feedback under certain predetermineditond (Roslin et al. 2008).



14

WITNESS simulations do not produce exact result gam@ to real life this is
because simulation does not produce optimal solsitido get the best results, the user
must generate all the condition and constraintanduthe building of model for
simulation. Input data in WITNESS more emphasistiome instead of distance. In
workstation, such as cycle time need to be ke time for parts traveled between
two stations, rather than distance.

2.8 THE WITNESS TOOLBOX — A TUTORIAL

WITNESS is a true process simulation and modeloa, tit makes possible
obvious for any production bottlenecks, overly-idésources, storage areas that are too
small or too big and any potential issues with eesfo labor availability WITNESS
capable of modeling a variety of discrete (parteld@nd continuous element ( fluid or
high volume fast moving goods). The most basicrdiscmodeling elements are parts,
Buffers, Machines, and Conveyors. Parts travel faom location to another, it pulls
passively into the model by simulation, pushed ith® system by an active part arrival

schedule.

Buffers are passive storage areas of finite capattitcan be configured into
delay where parts can stay for a minimum amounitaé; and dwell states which parts
cannot stay at buffer longer than the specifiecttiParts can be ejected from buffer if it

violates any of these conditions.

Machines are the workhorses of WITNESS. The varaétynachine types that
available is single, batch, assembly, productionltidle-Cycle, Multiple-Station. It can
be defined with Setup and Breakdown parameteruusaf modeling real time failure,

retooling, and preventive maintenance.

Conveyors are defined by length in parts and inttee which represent times
for parts move from one location to another. It d#n fixed and queued. A fixed
conveyor maintains the space between parts if #regn the front of the conveyor is

blocked; where the queued conveyor allows part€dmpact together even if the
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conveyor is stopped. Some other discrete elemeaaitaétle in WITNESS is the track
and vehicle, labor, shifts, variables, part attidsu

Continuous elements are used whenever the movemkrthe parts is
represented by a flow rate, rather than movemeimtdividual parts. Like powder, nails,
screws, bottle caps. Another scenario appropriatecéntinuous modeling might be
large rolls of sheet metal, wire, adhesive tapepep Fluids, Tanks, Processors, and
Pipes comprise the WITNESS continuous flow modebfements. Fluid will result in
flow rate usually measured in volumes or weighterehthe exact unit which is chosen
by the user. A Tank stores fluid is analogous ttidoielement in discrete processing.
The flow rate unit is expressed in user units @herulation (gallons per hour, liters per
minute, cubic centimeters per second). Warninglleae be set on rising of falling,
allowing the action to be taken under these camsti The machine can be configured

to repair and retool, the Tank can be configuredi®aning cycle when required.

The Pipe element move fluid from one location tother is analogous to the
conveyor element in discrete processing. And itihpst and output rate and maximum
specification. The pipe can have breakdowns foretind event such as leaks, burst or
other periodic downtime. It also can be schedutedcleaning or purging, independent
of breakdown. There are ability of a fluid to emjitym Pipe even though no arriving
fluid, allow the convenient modeling of gravity-fedaterial handling system for fluids,
powder, and small objects by using operation ofulee (on, off , partially closed)
simply by toggling the flow rate into and out ohks, pipes and processors, from

positive flow rate to zero.

The processor element is analogous to machine ateisi@liscrete processing.
The processor first will fill the capacity to spigcithe processing level, and then
processes the fluid for a given amount of timenteepties completely. The common
use of it is simulating the agitators and mixingchnae, aerators, fluid separators,
degaussing equipment, gas injection equipment.eBsac as well as a tank can show
the proportional of two mix fluids. And it can berdigured like Tanks for cleaning

cycles, as well as a breakdown, and can also triggening level alarms.
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Finally, it is possible to mix fluids with the parin the discrete machine element.
This feature is commonly used when filling vesseih fluid like paint can with paint,
bottles with soft drinks. WITNESS model associatéhwt up to 500 icons, can be
represented elements on the screen, Bitmap filesbeaimported into the WITNESS
model as an icon, and AUTOCAD dxf files can be im@d to provide a shop floor
layout to be used as a backdrop or as backgrouadimy from a model. Now is
preparing the model for optimization for example thbjective function: Values of
throughput (quantity or amount of raw material gssed at the given time) minus cost
of staff and cost of the machine. During the optition process, different aspect of the
model is varied, and the resulting value for thgdive function will be compared to

previous values to see if any improvement has talkasre.

The model optimization dialogue provides meansueers to select from the
several different objective functions they may hapecified, and to indicate whether
the function should be maximized or minimized. Anymber of variables can be
considered during optimization. Optimization vatebcan be added or removed from
the list of those available. To manage constravtigh to reduce the total number of
possible combinations of value it can expressed lsear function in two or more of
the optimization variables. For example: sraffl taff2 <=10. Any number of
constraints can be included in an optimization aden Several optimization methods
are provided like All combinations; Min, Mid, Maxup 3 evaluations based on
minimum, midpoint, maximum values of all variableBljill Climb (generates random
iteration which is accepted if of high quality angjected if not); Random solution
(generates random combinations of variable valuAgaptive thermostatically SA
(simulated annealing)- it less dependent than the&ChHmb method on “stuck: at a local

optimum. The sophisticated users may manually athpessearch parameter.
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2.9 SIMULATION

Simulation models are used in everyday and it isalien to us. Taking an
example, weather forecasters shows us the simulatemather system, where we can
see the movement of weather fronts over the dagdalf®ome game consoles that even
can simulate the whole variety of activities, emaplus to test our skills as racing

drivers, adventurers and city planners. All thiscemputer based simulations.

Nowadays, many of the operations are subject talwdity. The variation might
be predictable, for instance changing the numbepefators in call centers. It can be

unpredictable, for example the arrival rate of gattito hospital.

Customer , _ _
arrivals —| Service 1 Service 2 » Service 3
Time: 10 mine Time: 9 mins Time: 9 mins Time: 9 mins

Figure 2.1 Operation Diagram

Source : Robinson 2003

Operating systems are also interconnected. The aoemps of the system do not
work alone, it affects one another. A change in pae lead change in another part of
the system, especially when variability is pres@aking example the Figure 2.1 above
each stage take 9 minutes. If one of the machige®sun faster, it is likely to cause a
reduction on work-in-progress in up-stream and deweam. In general terms
simulation, it is used for modeling queuing systeMany systems can be conceived as

gueuing system, whether it is physical items ompteo



2.10 PREVIOUS STUDIES

The study is conducted in one small medium induéBMl) organization in

Malaysia, Dinamika Pelumas Sdn. Bhd. A lubricard aalvent manufacturer company

which is established in 2007.

The data collection is divided into two main paffisst half and second half
process. First half of the process is lubricant ufi@cturing and preparation, second half
is filling and lubricant packaging. The availableoguction area in the company is

1081.5 ft2.
Equipments Tipes Quantity Dimension/Size Area Requirement Description
Blending 1 O50mm x L600nm 0.042 & -
H1600mm x L700mm Filling speed: 20 bottl
, Filling 1 S 5278 e P
Machine W700mm minute
Induction ) H200 x 1350mm x W250 094 Production capacity: 60
sealing 030mm x L300nm ' bottles per minute
Diameter: 10ft X Capacity: 16000 Ltr
Oilbase (90%) | 2 o 7854 8 P =
Height: 15ft tank
Additives Diameter: 2ft N ) )
Tank 12 . 341 Capacity: 200 litres per tank
(10%) Height: 3ft
Waste/Scr 2 Diameter: 28 314 Capacity: 200 litres per tank
aste/Scra 2 3. apacity: 2 es '
. Height: 3t - =
Mixture of raw Capacity: 1000 litres
Container FOEWL HdR x L4 x W3.58 4 —— o=
materials container
Worktable - 1 H3ft x L8ft x W2#t 16 f -

Figure 2.2 Equipment Data

Source : Roslin et.al 2008




) . No. of Activity/Process/Work Activit/Cycle | Cumulative Time for | Cumulative Time
Path | Workstation ) .
Operator Element Time (sec) Workstations (sec) | for Path (sec)

Additives input 1980 1980 1980
1% half . ! 01l base mput 1650 3630 3630
S2 1 Blending 1980 1980 5610

s3 ) Load empty bottles 33 33 33

Filling 6.6 99 99

2™ half Capping 44 44 143
sS4 1 Induction Sealing 22 6.6 16.5

Packaging 44 11 209

The new proposed layout design for the manufagjuproduction line is the
product layout type. Selecting the types of laydesign also depend on the product
types manufactured by the company. The produciiom is set for one type of the
product (lubricant), and special machines (blendmgchine, filling machine, and

induction sealing machine) are arranged in a fieedtion to match the product specific

Figure 2.3Workstation Cycles Time Data

processing requirements.

@ Operator / Labor

Filling Machine

Raw Material
Handling Area 1

Toilet
ANT
Lobby
Oil Base & " - Finished Operation\/ Lab/QC
Tank Il Goods Room
3-level'Rack
(Adartiveg tank)

Scrap Oil Tank

E Blending Machine

Figure 2.4 U-shaped Flow Pattern Design
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3-Iev_e| Rack
(Additives tank) | | ANT
Lobby
Finished Operation Lab/QC
Goods Room

& Operator / Labor

Raw Material

|
25 \
| Handling Area Filling Machine

&) scrap Oil Tank

EEEE
Blending Machine

Figure 2.5S-shaped Flow Pattern Design

Model building in the first half process in the baped is shown in Figure 2.2.
And second design in S-shaped is shown in figuBeAs a model for the second half of

the process for both alternatives is same. Ingtugy, Witness simulation software is

used, the simulation has based one new layoutrésidjustrate the efficiency of both

alternative new layout designs to get an idea wtagbut is best to pick and implement.

™ Lagost Windew - Linis: (440.01)

n

Abfrivushipit

o r oy " e

Ll
MACKING STATES

i «
i s y .ﬂ"ﬂ'l ! %:g:ﬁ

Ex

Figure 2.6 U-shape Witness Model Building
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5 Lapaut Windew - Uniss : (€.39.0.19)

MECHINE STATER

i -,

—

1
i~

Figure 2.7 S-shape Witness Model Building

Figure 2.4 and Figure 2.5 show the U-shape andaesimodel build in Witness

software

% Luynet Windew - Usis | (29,56,22.00)

— 7 = A

0 .9
Eoe 1l Bl

Figure 2.8 Second half model Witness Model

Figure 2.6 shown the second of the process in \&4tseftware model, where it
is identical for both layout designs.
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Workstations/ i ) )
Additives Input | Oil Base Input Blending
Machine
% % % % % %
Layout
’ Idle | Busy | Idle | Busy | Idle | Busy
U-shaped flow
apedfion | 5531 | 760 | 3776 | 6224 | 2531 | 7469
pattern design
S-shaped flow
'pedflon | sos1 | 7410 | 3818 | 6182 | 2581 | 7410
pattern design

Figure 2.9 Layout Performance

Using the Witness interactive simulation softwanealysis of layout model will
be generated in statistical reports. The resultded efficiency (percentage of working
and idle), number of parts produced, buffer capaard so on. It also shows that U-
shape flow pattern is a more preferred option. Thibecause U-shaped flow pattern
design have better line efficiency as compared-sh&ped flow pattern design. Where
the S-shape flow pattern design show a higher ptage of idle time comparison to U-
shaped flow pattern design. U-shaped flow pattesigh the efficiency of utilization of
space, where space is well allocated for equipméishaped flow pattern design have
higher a percentage of busy / working time compaoefi-shaped flow pattern design.
By implementing of U-shaped flow pattern design, réduces the idle time of

workstations in a production line.

2.11 CONCLUSION

In conclusion, it is important to have a properolaty of the manufacturing
operation, and using the WITNESS software simutasinalysis can save many times in
analyses and determining whether the old or neygs®d layout efficient or not, and
will the productivity increase or not, saving tirmenot. This entire factor is important

in improving layout efficiency.
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CHAPTER IlI

METHODOLOGY

3.1 INTRODUCTION

This chapter covers the scope of the study in nietlogy, selected company
and sampling procedure, as well as the method ratcument used. Each of this topic
will be followed by a brief explanation of data leaition and data analysis procedures

and the concluding section that summarizes theecrgsearch process.

3.2 SELECTED COMPANY

The selected company for this study is MAMA BAKEhis company located at
Gambang behind University Malaysia Pahang (UMP) G&mg . The company starts
operating in 2009, the main product produce is dardamong the bread produce is
sandwich bread, bun, cream bread, Arab bread. Tkewincluding the manager is 7
of them. The Bread Factory starts operating atn8. @and stop at 6 p.m. per day.
Basically they will start machine setup, dough anelam preparing around 30 to 40
minutes before start bread making process. Deperldecorder from the customer, they

may have to work overtime, sometimes the workerntbagork until 8 p.m. to 9 p.m.
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3.3 METHOD AND INSTRUMENT

The method used in this study is that, first ofcdlbose a day and observed in
MAMA BAKE factory, observed the process line of &deproduction. Take note on
how many machines and type of the machine usalblen Tise the stopwatch software
in smart phone the record every cycle time of tteeimmes. In area determine use the
Smart Measure software which is able to measutardies 1 place to another in 1, then

the size a machine need and size of the factalplesto determine.

Figure 3.1 Smart Phone Motorola ME865

The usage the smart phone is use as a medium tdhas&mart Measure

software and Stopwatch & Timer software to colldata for simulation parameter input.

00008 8

StopWatchi&alimen

Figure 3.2 Stopwatch & Timer Software
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The Stopwatch & Timer software use in the smartnehlsave the same function
as a stopwatch, it is used to record cycle timiefworkstation of machines.

{ i Height (m)

B 324.0

Figure 3.3Smart Measure Software

Smart Measure Software requires a Smartphone widihoad running program
inside and camera function.

Figure 3.4 Smart Measure Software Guide

The function of it is measure the distance of tkeruo the place where the
camera shooting in meter unit. Since the factoyuise large, using other measurement

tool will quite impossible. It can see from Figud.
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3.4 DATA COLLECTION AND DATA ANALYSIS

3.4.1 Data Collection

Information about process, delays, maintenance gjatkering for a model is likely
to fall into one of the categories;

1. Available — data is readily available and it is @ppropriate format that the
model can use immediately.

2. Not available but collectable — data is either mnirgcorrect format or it has not
been collected before. It might need to perfornmalswork study in order to
collect this type of data (for example, timing e@mtprocesses manually)

3. Neither available nor collectable — data is notrenitly available and it is not
easily collectable (for example, for a model ofeavrfactory on a greenfield site
with new machinery). If the data is neither avdgamor collectable, what can be
done here is use estimates. Whenever the data evarusstimate, assumption
upon the model have to be declared. If later thdehlater proves inadequate as
a representation of the real world situation, thida possible to examine again

the assumption upon which it was based.

As for the area and length | will use it based loa Wwalking path observe from
the worker for measure travel distance, as for arkamachine | measure by

assuming a rectangular shape around a machine.
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3.4.2 Data Analysis

The data collected will be analyzed and simulatedsing WITNESS software,
then the analysis result is used as a basis foheuimprovement through layout
improvement. At first the current plant layout, frathe simulation, the machine
status will be shown. The average value of ovewallkstation, it can use to
calculate the efficiency of the each machine orkstations, it is shown in equation
(3.1) and (3.2).

Idleness = Waiting parts + Blocked............cooooiiii i 3.0

Efficiency = 100% - IdIeNesS.........cco v B

In calculating the productivity of the plant laydbe formula used is as below ,
equation (3.3), in here the labors use is 10 peapie 10 hours, because to calculate
maximum output units of product, both shifts is ¢ame only one type bread is
choosing to run in the simulation, thus labors arkers have to increase so that

they will be labor operating second half the prsces

Productivity = Unit produced/ labor hour per day.....cccuuveonvnnnn.... (3.3)

= Unit produced/ (10 labor x 10 hours)
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In calculating the productivity and efficiency ingmement, the formula use as
shown below equation (3.4) and (3.5)

Productivity Percentage Improvement
B [Productivity(New) — Productivity(0ld)]

1009
Productivity (0ld) x &
......................................................................... (3.4)
Efficiency Percentage Improvement
[Ef ficiency(New) — Ef ficiency(0ld)]
= x 100%

Efficiency (0ld)
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 INTRODUCTION

This chapter discusses about the finding of thdyaisathe project based on the
project objectives. By using the WITNESS softwaretrial and error on design new
layout , 4 new layout is being designed, data @®need in the table . Follow by the
calculation on the efficiency and productivity ohdw plant layout is then compared to
the current layout. Then the discussion will maal@liscuss the change that improves

the efficiency and the productivity of the layout.
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4.2.1 Cycle Time for each Process of Different Brela

Below are the tables of cycle times in each wotlkstafor different breads

produce in one day, in every 30 minutes the doulicnis the raw input will be sent to

1% workstation.

Table 4.1Cycle Time of breads on each station

Bread\P Mixing Stirring Dough Heati Bakin Cooli Bread Packagi Sealing
rocess &Weighi &Softeni Shaping ng ng Cutting ng (min)
ng (min) ng (min) (min) (min)  (min)  (min)  (mMin) (min)

Sandwi 15 15 20 60 40 30 0.5 0.25 0.25

ch-

Bread

Arab- 15 15 32 40 11 30 - 0.25 0.25
Bread

Bread 15 15 29 40 15 30 - 0.25 0.25
Bun 15 15 60 40 14 30 - 0.25 0.25
Cream- 15 15 24 40 14 30 - 0.25 0.25
Bread

Following by the table of breads in the packagéata required to determine
which type of machine element use in Packaging statlon, station 8. After that, the

shift time of the workers.
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Table 4.2Breads Packaging Number

Bread’s Type Sequence Number of  Number of Number of

Bread per pack Bread Produce Packs
(demand)

Sandwich Bread 1 1 per pack 80 80

Arab Bread 2 4 per pack 240 60

Bread 3 10 per pack 240 24

Bun 4 4 per pack 360 90

Cream Bread 6 1 per pack 35 35

There are 2 shift one mainly in dough shaping leefur into the oven for baking,

second shift is focused on baking and packagindpeinveen the shift there is a one

hour break, it was that time the 1 hour is useddough expanding period , so in

simulation we can treat it as a 1 hour cycle timebread simulation. From shift time

data, we are able to determine the standard woltkdugs per day so that in simulation

we able to calculate the output of the product made

Table 4.3Working Shift

Time

Activities

8.00 a.m. ~12.00 a.m.

12.01 p.m. ~ 1.00 p.m.

1.01 p.m. ~ 5.00 p.m.
5.01 p.m. ~ 6.00 p.m.

Machine setup, ingrediegpaming,
preparing Bread until it expand

Rest

Baking, packing, delivery

Cleaning
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4.2.2 Accuracy of Witness Simulation Layout

- -
00000000008 | anoront Lanortnt
o
o t:mmm
— L3 9
- Dowgmieighngang .
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[ | L | @
™|

i moep)» »iw [Bass g <[] » Tme 3es0 < [

Figure 4.1 Simulation Lead Times for 80 Units Breads Produced

Figure 4.1 shows the simulation run 318.5 minubgsroduce 80 units of
sandwich breads.
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Table 4.4Real Lead Times for 80 units Breads Produced

Workstations Cycle Time Capacity Output Total Time
(min) produces (min)

per cycle

time (min)
Dough Weighing 15.00 1 1 1x15 =15
Making
Dough Stirring Mixing  15.00 1 1 1x15=15
Dough Bread Shaping 20.00 1 80 1x20 =20
Trolley Dough 60.00 64-192 64-192 1x60 = 60
Expanding
Big Oven 40.00 56 56 2x40 = 80
Cooling 30.00 64 64 1x30 = 30
Bread Cutting 0.50 1 1 80x0.5 =40
Packaging 0.25 1 1 80x0.25 =20
Sealing 0.25 1 1 80x0.25 =20

Lead Time 300

The actual production lead time to produce 80 umiiteread is 300 minutes as
shown in Table 4.4. The different of real and simtioh time can be considered as a
simulation error since in this simulation do notlude any travel time, or the worker
slack off, or take a minute rest. The data collgdasecycle times on each machine, so
the simulation takes more time, like machine waititransferring from 1 station to

another, take more time than in real.
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Error percentage is calculated using formula asviel

Error percentage of time = [Timesimuiation— TiIME rea] / TiMe rear X 100%
= (318.5 —300) / 300x 100%
= 6. 17 % (error increment in real time)
Real time percentage = 100% - 6.17 %

=93.83 %

The calculation shows that the simulation timeastér than real time by 6.17%
to produce 80 breads per day. The simulation tuitle 200 mins can produce 50
breads-, therefore the real time can be calcukded

93.83% x 200 mins = 187.66mins

. Since the error percentage is low, so it is a®e. From the observation at
factory start at 8 a.m., before the operation st#rtrequired 30 to 40 minutes to
prepared raw material, and machine setup time.irSaolation time 600 minutes for 1
working day is about 562.98 minutes in real tintas lacceptable since after deducted,
37.02 minutes extra can be taken as the machihep send material preparation times.

The error calculation can be calculated on tingesithe data above only taking
data. The data collected above is cycle time ohesation, because whenever one
station finish process the half-finish product itl\start another process, so only using
simulation can calculate the number units of brepsiuce in time longer than 3

hundred minutes.
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4.2.3 Current Layout

To analyze the productivity of the current plangdat itself, taking 1 type of
bread to calculate the maximum output in 1day wiscBandwich Bread. In simulation,

the amount of time used is 10 hours (600 minutesfa@sdard working time per day.

Table 4.5Current Layout Station Data

Workstations Cycle Machine Input(u Output(u Buffer Buffer
Time Type nit) nit) (after  Capacity

this (approximate)
station)

Dough Weighing 15.00 Single 1 1 No

Making

Dough Stirring  15.00 Single 1 1 Yes 1

Mixing

Dough Bread 20.00 Producti 1 80 No -

Shaping on

Trolley Dough 60.00 Batch 64 -192 64-192 Yes 128

Expanding

Big Oven 40.00 Batch 56 56 Yes 128

Cooling 30.00 Batch 64 64 No -

Bread Cutting 0.50 Single 1 1 No -

Packaging 0.25 Single 1 1 No -

Sealing 0.25 Single 1 1 No -

From Table 4.5 Current Layout Station Data, we édbleccess the insight on the
station cycle time, capacity of producing the Hadish product and the buffer provide
after each station and its capacity.
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Figure 4.2Process Flow before the Simulation

L

Figure 4.3 Process Flow after Simulation
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Figure 4.2 and Figure 4.3 are shown before and #fie Witness software
running the simulation on the plant layout. Frora ginocess flow simulation, the bottle
neck such as the red color part (half-finished pobdis fully filled in the buffer or the
machine can be seen.

Using the formula (3.3)

Productivity = Unit produced/ labor hour per day

= 384/(10 x 10) = 3.84 units/ labor hquer day
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Figure 4.4 Performance Pie Charts of Workstations

From Figure 4.4 it represents the performance atustof machine for current
plant layout the status of machines or workstat@amsknown in percentage within the
time limit of 600 minutes from pie chart and thsetlishown above. Purple color
represents status block which occurs when the bb#tore the machine is full and the
machine is finished process the half-finish produmit have no way to send. The green
color represents machine is busy processing thefihehed products. As for yellow
color it represents the machine is currently waiiimput to be processed. Then the data

is recorded in the table 4.6.
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Table 4.6Workstations Performance

Process Waiting Parts Busy (%) Blocked (%)
(%)

Dough Weighing 24 33 44
Making
Dough Stirring 13 31 57
Mixing
Dough Bread 7 24 59
Shaping
Trolley Dough 8 91 0
Expanding
Big Oven 25 70 5
Cooling 35 24 32
Bread Cutting 68 32
Packaging 84 16
Sealing 84 16 0
Total 348 337 197
Average 38.67 37.44 21.89

From the workstations Performance table we ablealoulate the efficiency
based on the pie chart data, the busy percentatipe @iverall plant, and where the idle
percentage is a summation of waiting parts andkeldgercentage. The unit produced

is bread finish baking and packaging which is refadyshipping.
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Using the formula (3.1) and (3.2)
Idleness = Waiting parts + Blocked

=38.67 +21.89 = 62.56 %

Efficiency = 100% - Idleness

=100 - 62.56 = 37.44 %

Table 4.7Plant Layout Performance

Efficiency (%) Idleness (%) Output (Units) Produdiy(units/
labor hour per day
37.44 62.56 384 3.84

4.3 PROPOSED LAYOUT

4.3.1 New Design Layout 1

The modification here is All 4 walls are removedffbr capacity increase for
Dough Stirring Mixing to 3, Trolley Dough Expandito 192 units(3 trolleys), cooling
provided 64 units (1 trolley) afterward., data whan Table 4.17.
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Figure 4.5Process Flow before the Simulation 1

7

Figure 4.6 Process Flow after Simulation 1
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Figure 4.5 and Figure 4.6 are shown before and #fie Witness software
running the simulation on the plant layout. Frora ginocess flow simulation, the bottle
neck such as the red color part(half-finished potdus fully filled in the buffer or the

machine can be seen.
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Figure 4.7 Performance Pie Charts of Workstations 1

From Figure 4.7 it represents the performance atustof machine for*inew
plant layout the status of machines or workstat@amsknown in percentage within the
time limit of 600 minutes from pie chart and thetlshown above. Purple color
represents status block which occurs when the bb#tre the machine is full and the
machine is finished process the half-finish produmit have no way to send. The green
color represents machine is busy processing thHefineshed products. As for yellow
color it represents the machine is currently wagiiimput to be processed. Then the data

is recorded in the table 4.9.
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Table 4.8New Layout Station Data 1

Process

Cycle Machine

Output(uni Buffer  Buffer

(after  Capacity
this (approximate)

station)

Dough Weighing 15.00 Single

Making

Dough Stirring

Mixing

Dough Bread
Shaping
Trolley Dough
Expanding
Big Oven
Cooling
Bread Cutting
Packaging
Sealing

15.00 Single

20.00 Producti

64 -384 64-384

40.00 Batch
30.00 Batch

Yes 1

Yes 1

No -

Yes 192

Yes 128

Yes 64

No -

No -
No -




45

Table 4.9Workstations Performance 1

Process Waiting  Busy (%) Blocked (%)
Parts (%)

Dough Weighing 36 40 24
Making
Dough Stirring Mixing 23 37 41
Dough Bread Shaping 7 35 58
Trolley Dough 8 92 0
Expanding
Big Oven 25 75 0
Cooling 83 17 0
Bread Cultting 58 42 0
Packaging 79 21 0
Sealing 79 21 0
Total 398 380 123
Average 44.22 42.22 13.67

Using the formula (3.3)

Productivity = Unit produced/ labor hour per day

=547/ 100 =5. 47 units/labor hours per day

Using the formula (3.4) and (3.5) in calculatingoquctivity and efficiency
improvement in layout.

Productivity Percentage Improvement
_ [ 5.47 (New) — 3.84(0l1d)]

3.84 (0ld)

x 100%

=42.45%

Efficiency Percentage Improvement

_ L4211 (New) - 37.4400)]
= 37.44 (0ld) x I

=12.47%
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Table 4.10Plant Layout Performance

Efficiency Idleness Output Productivity Productivity Efficiency

(%) (%) (Units Improvement Improvement
Produced) (%) (%)

42.11 57.89 547 5.47 42.45 12.47

4.3.2 New Design Layout 2

The modification here is removing 1 gate, instatb@é buffer after cooling
station, rearrange bread cutting station and pacgaiation (cooling place capacity
increase), increase capacity of the buffer afteigtioveighing and making workstation,

it is shown in Table 4.11.
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Figure 4.8 Process Flow before the Simulation 2
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Figure 4.9Process Flow after Simulation 2

Figure 4.8 and Figure 4.9 is showing before andratie Witness software
running the simulation on the plant layout. Frora ginocess flow simulation, the bottle
neck such as the red color part(half-finished potdus fully filled in the buffer or the

machine can be seen.
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Figure 4.10Performance Pie Charts of Workstations 2
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From Figure 4.10 it represents the performanceatus of the machine fof%2
plant layout the status of machines or workstatemesknown in percentage within the
time limit of 600 minutes from pie chart and th& Ehown above. Purple color
represents status block which occurs when the boétore the machine is full and the
machine is finished process the half-finish produeit have no way to send. The green
color represents machine is busy processing thidihshed products. As for yellow
color it represents the machine is currently wgiiimput to be processed. Then the data
is recorded in the table 4.12.

Table 4.11New Layout Station Data 2

Process Cycle Machine Input(u Output(uni Buffer Buffer
Time Type nit) t) (after  Capacity

this (approximate)
station)

DoughWeighing 15.00 Single 1 1 Yes 1

Making

DoughStirringMi 15.00  Single 1 1 Yes 1

xing

DoughBreadShap 20.00 Producti 1 80 No -

ing on

TrolleyDoughEx 60.00 Batch 64 -384 64-384 Yes 192
panding

Big Oven 40.00 Batch 56 56 Yes 128
Cooling 40.00 Batch 32 32 - -
Bread Cutting 30.00 Batch 64-128 64-128 Yes 64
Packaging 0.50 Single 1 1 No -
Sealing 0.25 Single 1 1 No -

Small Oven 0.25 Single 1 1 No -




Table 4.12Workstations Performance 2

Process Waiting  Busy (%) Blocked (%)
Parts (%)

Dough Weighing 36 40 24
Making
Dough Stirring Mixing 23 37 41
Dough Bread Shaping 7 35 58
Trolley Dough 8 92 0
Expanding
Big Oven 53 47 0
Cooling 83 17 0
Bread Cultting 58 42 0
Packaging 79 21 0
Sealing 79 21 0
Small Oven 45 55 0
Total 471 407 123
Average 47.1 40.7 12.3

49
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Using the formula (3.3)

Productivity = Unit produced/ labor hour per day

=547/ 100 =5. 47 units/labor hours per day

Using the formula (3.4) and (3.5) in calculatingoguctivity and efficiency

improvement in layout.

Productivity Percentage Improvement
_ [ 5.47 (New) — 3.84(01d)]

1000
3.84 (0ld) x 100%

=42.45%

Efficiency Percentage Improvement
[ 40.6 (New) —37.44(0ld)]

0,
37.44 (0ld) x 100%

=8.44%

Table 4.13Plant Layout Performance 2

Efficiency Idleness  Output Productivity Productivity Efficiency
(%) (%) (Units Improvement  Improvement

Produced) (%) (%)

40.6 59.4 547 5.47 42.45 8.44




4.3.3 New Design Layout 3

The modification here is removing 1 gate, instatb@é buffer after cooling
station, it is shown on Table 4.17.
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Figure 4.12Process Flow after Simulation 3
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Figure 4.11 and Figure 4.12 is showing before ditel ghe Witness software
running the simulation on the plant layout. Frora gnocess flow simulation, the bottle
neck such as the red color part (half-finished podd is fully filled in the buffer or the

machine can be seen.
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Figure 4.13Performance Pie Charts of Workstations 3

From Figure 4.13 it represents the performancetatus of machine for'3
plant layout the status of machines or workstat@amsknown in percentage within the
time limit of 600 minutes from pie chart and thetlshown above. Purple color
represents status block which occurs when the bb#tore the machine is full and the
machine is finished process the half-finish produmit have no way to send. The green
color represents machine is busy processing thefihehed products. As for yellow
color it represents the machine is currently wagiiimput to be processed. Then the data
is recorded in the table 4.15.
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Table 4.14New Layout Station Data 3

Process Cycle Machine Input(u Output(uni Buffer Buffer
Time Type nit) t) (after  Capacity

this (approximate)
station)

Dough Weighing 15.00 Single 1 1 No -

Making

Dough Stirring  15.00 Single 1 1 Yes 1

Mixing

Dough Bread 20.00 Producti 1 80 No -

Shaping on

Trolley Dough 60.00 Batch 64 -192 64-192 Yes 128

Expanding

Big Oven 40.00 Batch 56 56 Yes 128

Cooling 30.00 Batch 64 64 Yes 64

Bread Cutting 0.50 Single 1 1 No -

Packaging 0.25 Single 1 1 No -

Sealing 0.25 Single 1 1 No -




54

Table 4.15Workstations Performance 3

Process Waiting  Busy (%) Blocked (%)
Parts (%)
Dough Weighing 26 33 42
Making
Dough Stirring Mixing 13 32 56
Dough Bread Shaping 7 35 58
Trolley Dough 8 92 0
Expanding
Big Oven 25 75 0
Cooling 58 42 0
Bread Cultting 59 41 0
Packaging 80 20 0
Sealing 80 20 0
Total 356 390 156
Average 39.56 43.33 17.33
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Using the formula (3.3)

Productivity = Unit produced/ labor hour per day

= 487/100 = 4.87 units/ labor hours per day

Using the formula (3.4) and (3.5) in calculatingoquctivity and efficiency
improvement in layout.

Productivity Percentage Improvement
_ [ 4.87 (New) — 3.84(0ld)]

0,
3.84 (0ld) x 100%

=26.82%

Efficiency Percentage Improvement

_ L 431 (ew) - 37.4400)]
= 37.44 (0ld) xR

=15.11%

Table 4.16Plant Layout Performance 3

Efficiency Idleness  Output Productivity Productivity Efficiency
(%) (%) (Units Improvement  Improvement
Produced) (%) (%)

43.11 56.89 487 4.87 26.82 15.11
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4.3.4 New Design Layout 4

The modification here is removing 1 gate, instatb@é buffer after cooling
station, rearrange bread cutting station and pacgaiation (cooling place capacity
increase), increase capacity of the buffer afteigtioveighing and making workstation,

it is shown in Table 4.17.
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Figure 4.14Process Flow before the Simulation 4
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Figure 4.15Process Flow after Simulation 4

Figure 4.14 and Figure 4.15 are shown before atet #ie Witness software

running the simulation on thé"ew plant layout . From the process flow simulatio

the bottle neck such as the red color part (haitfied product) is fully filled in the

buffer or the machine can be seen.
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From Figure 4.16 it represents the performanceatus of machine for'4 plant
layout the status of machines or workstations @@k in percentage within the time
limit of 600 minutes from pie chart and the lisosm above. Purple color represents
status block which occurs when the buffer befoeerttachine is full and the machine is
finished process the half-finish products but haweway to send. The green color
represents machine is busy processing the ha#fiied products. As for yellow color it
represents the machine is currently waiting inputoé processed. Then the data is
recorded in the table 4.18.

Table 4.17New Layout Station Data 4

Process Cycle Machine Input(u Output(uni Buffer Buffer
Time Type nit) t) (after  Capacity

this (approximate)
station)

Dough Weighing 15.00 Single 1 1 Yes 8

Making

Dough Stirring  15.00 Single 1 1 1 1

Mixing

Dough Bread 20.00 Producti 1 80 No -

Shaping on

Trolley Dough 60.00 Batch 64 -192 64-192 Yes 128

Expanding

Big Oven 40.00 Batch 56 56 Yes 128

Cooling 30.00 Batch 64-128 64-128 Yes 64

Bread Cutting 0.50 Single 1 1 No -

Packaging 0.25 Single 1 1 No -

Sealing 0.25 Single 1 1 No -
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Table 4.18Workstations Performance 4

Process Waiting  Busy (%) Blocked (%)
Parts (%)

DoughWeighingMaking 29 35 36

Dough Stirring Mixing 13 32 56

Dough Bread Shaping 7 35 58

Trolley Dough 8 92 0

Expanding

Big Oven 25 75 0

Cooling 56 25 19

Bread Cutting 59 41

Packaging 80 20

Sealing 80 20 0

Total 357 375 169

Average 39.67 41.67 18.78

Using the formula (3.3)
Productivity = Unit produced/ labor hour per day

= 487/100 = 4.87 units/labor hours per day

Using the formula (3.4) and (3.5) in calculatingoguctivity and efficiency
improvement in layout.

Productivity Percentage Improvement
_ [ 4.87 (New) — 3.84(01d)]
B 3.84 (0ld)

x 100%

=26.82%

Efficiency Percentage Improvement

_ L4155 (ew) - 37.4400)]
= 37.44 (0ld) et

=10.98%
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Table 4.19Plant Layout Performance 4

Efficiency Idleness  Output Productivity Productivity Efficiency

(%) (%) (Units Improvement  Improvement
Produced) (%) (%)
41.55 58.45 487 4.87 26.82 10.98

4.4 LAYOUTS ANALYSIS

4.4.1 Workstations Capacity

In the simulation the units of the sandwich breasl moved by a trolley, the
trolley has around 8 levels of place to put traylevdel can put 8 units of sandwich
breads so total number of bread in one trolléAisinits. 128 units mean 2 trolleys, and
192 units mean 3 trolleys, lastly 384 unit meamdfidys in a place. As shown below
the original layout with a scale of 1 cm: 1mefEhe bold color rectangular below
represent a size of trolley with approximate 1 m%surface area, during the simulation
by removing the wall we can estimate the capaditthe buffer and workstations like
the cooling part which is located at the top rightthe center of the workstation of

number 9, 10 ,11. And 1 trolley approximates 6dsunf sandwich breads.
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Figure 4.17Hand Drawing's Original Layout

Figure 4.17 is the hand drawing from the colleateth on size, length of the
machine and the size of the factory, which is useéstimating the size of the buffer

and workstation when building plant layout modelb® run simulation in Witness

Software.
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4.4.2 Results Comparison

Table 4.20Results Comparison

Layout Layout Layout Productivity Productivity Efficiency
Efficiency Idleness (Units/ labor Improvement Improvement
(%) (%) hours) (%) (%)
Current 37.44 62.56 3.84 - -
1 42.11 57.89 5.47 42.45 12.47
2 40.60 59.40 5.47 42.45 8.44
3 43.11 56.89 4.87 26.82 15.11
4 41.55 58.45 4.87 26.82 10.98

Plant Layout Efficiency and Productivity VS
Plant layout Design

45 /N/.\’
0 —

[8)
32 =o=Efficiency (%)

== Productivity (units/ labor
hour)

5 —g——m-_10 -

Current 1 2 3 4

Plant Layout Efficiency and

Figure 4.18Comparisons of Plant Layout Efficiency and Proouifgt

The Figure 4.18 shows the efficiency and produistief the design layout for
current layout and 4 new proposed layout. For cdrdayout the efficiency and
productivity are 37.44% and 3.84 units/labor haespectively. For 3l proposed layout
the efficiency and productivity are 42.11% and Suits/labor hours respectively. For
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2" proposed layout the efficiency and productivitg @0.60% and 5.47 units/labor
hours respectively. For®3proposed layout the efficiency and productivitg d8.11%
and 4.87 units/labor hours respectively. F8 ptoposed layout the efficiency and

productivity are 41.55% and 4.87 units/labor haespectively.

Plant Layout Improvement VS Plant
Layout Design
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Figure 4.19Comparisons of Plant Layout Efficiency Improvemantl Productivity

Improvement

The Figure 4.19 shows the improvement in efficieany productivity based on
the Table 4.20. Among all the higher Productivityprovement is design 1 and design 2
plant layout which is 42.45% and for design 3 anithe!l productivity improvement is
26.82 %.

As in the efficiency improvement design 3 is thghast with 15.11%, second
go to design 1 which is a 12.47 % improvementofelby design 4 which is 10.98%
and lastly design 4 with 8.44 %.
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Table 4.21Workstation and Buffer Capacity Comparison

Layout Workstation Name Capacity Buffer Buffer
Capacity
Current Dough Weighing 1 Yes 1

Making
Dough Stirring 1 No -
Softening
Trolley Dough 64-192 Yes 128
Expanding
Big Oven 56 Yes 128
Cooling 64 No -

1 Dough Weighing 1 Yes 1
Making
Dough Stirring 1 Yes 1
Softening
Trolley Dough 64-384 Yes 192
Expanding
Big Oven 56 Yes 128
Cooling 64-128 Yes 64

2 Dough Weighing 1 Yes 1
Making
Dough Stirring 1 Yes 1
Softening
Trolley Dough 64-384 Yes 192
Expanding
Big Oven & Small Oven 56 + 32 Yes 128
Cooling 64-128 Yes 64

3 Dough Weighing 1 Yes 1
Making
Trolley Dough 64-192 Yes 128
Expanding

Big Oven 56 Yes 128
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Cooling 64 Yes 64
4 Dough Weighing 1 Yes 1

Making

Dough Stirring 1 Yes 1

Softening

Trolley Dough 64-192 Yes 128

Expanding

Big Oven 56 Yes 128

Cooling 64-128 Yes 64

4.4.3 Design 1

The improvement made for the first design layoutinie walls in the T half of
the process and 2rd half of the process. In domghe, Capacity of trolley dough
expanding station increase, in which the placedfargh to stay and left for expanding
is increased from maximum 192 units to 384 unitserl the removal of wall in the
second half together with the rearrangement of doéting stations and packaging
station have increased the capacity of the codtagon from 64 to 128 units of loaf .

And at the same time able to provide a buffer aftering with 64 units of bread.

From the simulation and calculation, we get ancgfficy of plant layout is
42.11 %, ldleness 57.89%, producing 5.47 units lgkor hour per day, maximum
output 547 units. Improvement in productivity is .42%, and in efficiency

improvement is 12.47% shown in Table 4.20.

The improvement made have increased the capacitparfgh Expanding
Station from 192 to 384 units and the buffer cayat28 to 192 units, and also increase
the capacity of cooling workstation 64 to 128 uratsd buffer capacity provide after
cooling workstation with 64 units capacity whichvbeaeliminated most of the
bottleneck, thus lead to increase in productivity #2.45% and Plant layout
performance efficiency 12.47%.
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4.4.4 Design 2

The improvement made for the first design layou isalls in the T half of the
process and 2rd half of the process. And with ex8eg of one more ovens with
capacity input and output of 32 sandwiches breadimman. Capacity of trolley dough
expanding station increases. In which the placeléagh to stay and left for expanding
is increased from maximum 192 units to 384 unitiserT the remove of wall in the
second half and the rearrangement of bread custaigons and packaging station have
increased the capacity (area) of the cooling watlst from 64 to 128 units . And at

the same time able to provide a buffer after caplinth 64 units of bread.

From the simulation and calculation, we get ancefficy of plant layout with
40.6 %, Idleness 59.4%, Producing 5.47 units gesrl&aour per day, maximum output
547 units. Improvement in productivity is 42.45%dan Efficiency improvement is
8.44% shown in Table 4.20.

The improvement made have increased the capacitparfgh Expanding
Station from 192 to 384 units and the buffer cayat28 to 192 units, and also increase
the breads cooling workstation 64 to 128 units rmuode place provide for capacity after
cooling workstation with 64 units capacity whichvbaeliminated most of the
bottleneck, thus lead to increase in productivity #2.45% and Plant layout
performance efficiency 8.44%.

From the use of one more oven it is seen that twemum output of the units
produced does not increase. But the efficiencyagblit is improved compared to
current layout but lower relatively compared tiiedesign layout. The bottleneck will
occur here because as the capacity of the overcieased but the buffer provides for
half finished product is still the same and thusistag the oven have to stop the
operation as waiting for buffer the clear placeteshalf finish product made its way to

the following work station.
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4.4.5 Design 3

The improvement made for the fourth design laysuemove 1 wall of 2rd half

of the process.

From the simulation and calculation, we get ancedficy of plant layout with
43.11%, ldleness 56.89%, Producing 4.87 units pborl hour per day, maximum
output 487 units. Improvement in productivity is .8, and in efficiency

improvement is 15.11%. shown in Table 4.20.

The improvement made have increased buffer aftelir@pworkstation with 64
units capacity which have eliminated most of thdtleoeck, it is important that
always provide enough buffer place so that bottekror the machine operation won't
block due to not enough space to store half-fidspeoduct after finish processing.
From the simulation and calculation get the resudtsncreasing in productivity by

26.82% and Plant layout performance efficiency 1%Xkhown in Table 4.20.

4.4.6 Design 4

The improvement made for the fourth design laysuemove 1 wall of 2rd half
of the process. And also rearrangement of the boediihg station and packaging
station, the process flow goes on smoothly andeass the capacity of the cooling

workstation.

From the simulation and calculation, we get ancedficy of plant layout with
43.66 %, ldleness 56.34%, producing 4.87 units lgkor hour per day, maximum
Output 487 units. Improvement in productivity is .@8%, and in efficiency

improvement is 16.61% shown in Table 4.20.

The improvement made had increase the cooling viairka capacity from 64
units to 128 units of loaf and provide place foffeuafter cooling workstation with 64
units capacity which have eliminate most of thelboeck, from this layout design the
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is in reducing cost in wall removing, so changemniade in the most important place
which is operation after and before the oven (witble time 40 min) which make they
are always enough buffer place so that bottle memi't occur at oven workstation or
station after this. From the simulation and caltofa get the results increase in

productivity in 26.82% and Plant layout performaetigciency 16.11%.

4.5 DISCUSSION

4.5.1 Balanced Process

Bottleneck problem is caused when there is a gapdes the capacity of the
machine. For example taking Oven workstation wittapacity of 56 units and the next
Breads cooling 40 units, the bottleneck here ocruwghich the oven station has to wait
before the 64 units finish 2 processes repeatediycaoling station unless there are
buffer provide is enough to store the half finisbguct and the cooling workstation
together finish process all the units before ovenkstation finish process the input. If
there was no buffer provided, a system is balamdezh the output of each step
supplies the exact volume of input required bydwihg step or the process cycle time
of the following station is longer and is able $hithe inputs before next input arrive.

Otherwise, there will appear bottlenecks.

4.5.2 Factor Affecting Plant Layout Productivity

In Breads Factory that few factors have observedclwihave affected the
productivity is the waiting time of a machine fawput to arrive. And another factor is
the building where the space area is constraincépacity of the buffer can provide,
and thus indirectly increase the waiting time arathine in blocked status which have

to wait the buffer space to empty before startipgrating again..
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Qe

Figure 4.20Bottleneck in the Process

In the analysis of all the design layout and theremt layout and from
simulation, the cause of bottleneck come from aufiicient place to store half-finish
product for workstation like an oven with a cycleng¢ of 40 minutes, capacity of
processing in 56 units of loaf; and cooling workista with a cycle time of 30 min, and
capacity of processing in 64 units of loaf. So leatieck has not occurred since every 30
minutes cooling station finish processing all pragdut will have an extra 10 min

waiting input from oven workstation, and have eX@nanits space to spare.

But the station following is the bread cutting wstidion with 0.5 minutes of
cycle time, each time process 1 loaf. From Figui 4if no buffer place provided, the
cooling workstation will have to stop operating dref buffer place clear out, it can be
seen in the figure icon with Cooling is full of retbt, the machine is currently in
blocked status. Thus indirectly causing the ovesti®gt to be blocked and stop

operation if the buffer in between the oven andliog workstation full as well.

4.5.3 Suitable Layout

From the all design has been proposed, the fidgsyn is focused on removing
all the walls from T half and 2rd half of the shift. From this 2 desitye buffer is
provided and increasing the capacity, but the 2sigh using 2 oven which is available

but the effect is not as good as it then, sincesgiece area is very limited so are the



70

buffer provider, the process will be delayed whas buffer provide is full and the next
station is not finished processing the input unitbus, the bottleneck will occur,

process have to be waiting.

As for 3% and 4" design layout, it is focused on removing the wélihe second
half of the shift. In 3 design layout buffer has been provided at theastafter oven,
cooling station capacity is increased as well. 8ate the walls at the™lhalf of the
shift is not removed so the capacity at the Dougpaiding workstation is remaining
the same, so productivity improvement not as goddrid 2rd design layout, but still
lead to productivity and efficiency improvement. fos the 4" design layout, they are
rearranged for the cutting bread station and pangasgtation in which more area is
providing increased the capacity of the coolindigtaand smoothen the process flow,

thus efficiency improvement is slightly higher th@ihdesign layout.

So at long term prospect, the best layout desighdst' design layout which

has the highest improvement in productivity andplayout efficiency.

4.6 PROCESS FLOW AND BUFFER CAPACITY OVERVIEW

4.6.1 Current Layout

Procens Viev: Cledal

T
Partiel poet DoushWel sALAIMR LAY Fpot DORPASTLITARISOPOning bpoed B bt Doughire sdShaping rpd TrolloyOmshDpanding bpi Trelleybuffer |
ik [ 30 ) b

[ wei2 | [ 1 ] [ w1 | | | | |
-t BlgOvan b B3 pedeed Cooling i BreadCutting b Packaging i Sealing }—3—f Shipping |
| Push | |

Figure 4.21Process Flow of Original Layout
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Figure 4.18, B1, Trolley Buffer, B3 is buffer with capacity of 1, 128, 128
respectively with 64 units breads for 1 trolleydahtrolleys for 128 numbers. Bl is a
buffer for placing the finish mixing and weighingubh. Trolley buffer is provided to
place before put into baking. And B3 is place fimish baked bread preparing to be

cool down by fans before pack up.

4.6.2 First Proposed Layout

Process View: Clobal

wilL 1 RN [ | S LV
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Aush Posh | | Psh | | L) | | L)
Nil Nil Nl
=t Trolleybuffer eyt OvarBig repoesd DaffersO) bpees Conling popet Buffers B4 oot BreadOutting booped Pachaging peei S02lIM it IppINY
| b | | | M | | ! | L0 T . LU

Figure 4.22Process Flow of New Layout Design 1

Figure 4.19, Buffer002, Buffer003, Trolley Buffduffer009, Buffers004 is a
buffer with a capacity of 1, 1, 192, 128, 64. Bynaving the wall of lower side and
upper side of the layout the buffer capacity afteley expanding is increasing from

128 to 192, 3 trolleys; and 1 trolley 64 unit’s faufafter cooling workstation.
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4.6.3 Second Proposed Layout

Precess View: Cladal
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Figure 4.23Process Flow of New Layout Design 2

Figure 4.20, Buffer002, Buffer003, Trolley Buff@uffer009, Buffers004 is a
buffer with a capacity of 1, 1, 192, 128, 64. Thegess modifies with one more oven is
and the rest is same as above.

4.6.4 Third Proposed Layout

FIOeSS Viewl wieeai

| L1
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il [ il | | Pull | | | |
et BLgOvas e [ Cooling ittt Buffers002 p—jpi BreadCutting st Packaging f—r— Sealing > Shipping :
Push i Push | | Push i Push L Pesh | i

Figure 4.24Process Flow of New Layout Design 3

Figure 4.21, B1, Trolley Buffer, B3, Buffer004 isbaffer with capacity 1, 128,
128, 64. With only the upper layout’s wall is renady providing the buffer after the
cooling workstation with a capacity of 64 units.
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4.6.5 Fourth Proposed Layout

Precess View: Cledal
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Figure 4.25Process Flow of New Layout Design 4

Figure 4.22, BO, B1, Trolley Buffer, B3, BufferO@la buffer with capacity 8, 1,
128, 128, 64. In this layout rearrange the workstabf Packaging and sealing which
provide more capacity for cooling workstation 12dts from the 3 proposed layout

design.
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CHAPTER V

CONCLUSIONS

5.1 INTRODUCTION

In this chapter, conclusions in the current laydubther proposed layout, major
finding in bottleneck, and the recommendations Wlticuld be applied in this company
will be made.
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5.2 DISCUSSION OF MAJOR FINDING

From the design the efficiency improvement fromttstth new layout design is
12.47%, 8.44%, 15.11%, 16.11% respectively. As pooductivity improvement
42.45%, 42.45%, 26.82%, 26.82% respectively showiable 4.20.

From the all of the new layout design, the produfgtiincrease with 2 major
factors. First is providing buffer place beforergmsing the capacity of the workstation
in processing the half-finish product; second anbalancing the workstation based on
the process flow with U-shape instead of zigzagditike the cutting and the sealing
workstation, indirectly provide more space (buff&pacity increase) to store half-

finished product, so bottleneck will occur less.

The bottle neck occurs when they are no buffer igevin between the
successive workstation with capacity and cycle siraee different. The bottleneck will
occur slowly if buffer provides in between.. Takiagample oven workstation with a
capacity of 56 units and the buffer capacity beftire workstation is 64 units, the
bottleneck here occurs when the 8 units accunuilatpeatedly until 64 units of the

buffer capacity is full fill every time oven finigbrocessing the bread.

By increasing the capacity of the of workstatioresitt necessarily increase the
productivity , in design 1 and design 2. The prdihity is the same based on the units
of load produced which is 42.45%. Where efficiemprovement for design 1 is 12.47%
and design 2 is 8.44%. The decreasing in efficiavfcgrd design due to waiting time
increase since 2 oven is using process take phatert. With the buffer capacity is 64
units and total capacity of 2 ovens uses 88 urdtf$er the 64 units capacity buffer is
fully filled. Process on oven have to stop to waitbuffer clear before starting another

process.
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In the 4th, increasing the capacity to 128 unitzadling workstation causing
the blocked status of the machine. Since the budégacity is 64 units, after finish
processing half-finished product in cooling workista, it will have to wait the buffer
space to clear the before it can operate agaim sincspace to store for another output.
For 3rd design the capacity of cooling workstatemml buffer capacity is same, and the
workstation afterwards able finish processing dlu@its of loaf before the buffer space
is filling up, so no blockage or bottleneck occAnd this lead to higher efficiency
improvement 15.11% for 3rd design, and 10.98% im@mnoent due to blocked status at

cooling machine.

5.3 RECOMMENDATION

From the analysis of the original plant layout ghd new design layout, to
increase the productivity and efficiency of therplyout, it is important to provide the
buffer place for every each of the workstationsobefincrease the capacity of the
machine. Otherwise, the workstation will be stayimgtatus of blocked since they will
be not enough place to store the half-finish produdaiting is required before the
following workstation is finished processing theguct, only then the buffer space in
between the workstations will be clear, and themplocess can start again. So delay

will occur more often, lead to a more bottleneckhie overall process.

Providing more space (buffer) to store half-findhgroduct by removing the
wall, and balancing the process with relocatingwioekstations will also produce space

for the buffer. So that the process will go on m&mreothly.
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5.4 CONCLUSION

By increasing the productivity mean producing morgput with the same
amount of input such as labors, electricity cost ao on. Increasing efficiency means
decreasing the time required to produce the predube workstation will be busy
processing the half-finish product instead of stgyin idle or waiting status. It is
important that increasing efficiency and producyiwf plant layout in order to be more
competent and delivering the units of product ameti From the all new layout designs
proposed it is recommended that the 1st propossdrevith efficiency improvement
of 12.47% and productivity improvement of 42.45%e thighest among 4 proposed

layout designs is recommended to implement andceghe old plant layout.
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