A REDESIGN LAYOUT
TO INCREASE PRODUCTIVITY OF A COMPANY
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Abstract: This project is conducted in Company X, a passergars wheel

producing company located in Sunter, North Jakakfdh a view of increasing

the productivity of the company, the focus of thisject will be redesigned the
layout of the factory. The main problem encounteethat the goods are not
produced in single location, causing a consider&bldrance in terms of time
and distance, and hence efficiency. The redesigiaiyaut process will use SLP
method and flow analysis while supported by analg$iassembly line balancing
to optimize the layout. Regarding the evaluatioocpss, ARENA software will

be used to simulate and identify the bottleneckhim production process, and
comparing the layout alternatives to decide thet legpout. The best chosen
layout according to the simulation and SLP methoat tsupported with flow

analysis and assembly line balancing will be usetha master draft layout that
will be proposed to Company X.

Keywords. Systematic Layout Planning (SLP), Flow Analysissefsbly Line
Balancing, Productivity, Simulation

INTRODUCTION

As businesses begin to rapidly emerge and deveitophé world, it is
impossible to avoid entering a highly competitiuesimess environment. Nowadays,
firms can not simply compete only by selling theioducts and services. They must
continuously research and develop their strategiesrder to deliver high quality
performances to compete with their rivals. By hgvimgh quality products, they
should be able to dominate the market. One ofdb®fs that contribute to this aspect
is a company’s plant layout. Not only can a googbld increase a manufacturing
process’ effectiveness, efficiency and productivitycan also reduce waste of time
and bottleneck, optimize the workflow of materialdgprocess, and it can make the
monitoring process much simpler.

There are many well-known industry companies inohebia that are
recognized by their good quality of products andises; one of them is company X.
The company specializes mainly on automotive wh&®l manufacturing and
produces steel wheel for Jeep, Car, Sedan, andodiniTo provide their customers
these products, the firm needs to be efficienthieirt manufacturing process. With
efficiency, not only will the company be able tooyide for their clients, they will
also be able to expand their business as they eooone productive. A new design
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to the factory’s layout can help improve producality, reduce inefficient time ar
optimize factory activitie:

Problem Identification

The mainproblen encountered is that the goods are not produc single
location (Figure 1), causing a considerable hinceaim terms of time and distan:
and hence efficiency.
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Figurel. Old Production Line in Company X

It can be concluded that the process of manufagun thecompany woulc
not be efficient. Thus, a redesigning layout of pamy X is important in order i
increase their productivity by minimizing their ¢gctime and the travel distan
between each manufacturing proc

Methodology
To redesigning layout in ccpany X, there are four steps in which contain

several processes in it. Those steps

1. Preliminary study is the first step to begin the project. This steguires lot o
knowledge and resources to obtain the idea thabatdome the main topic this
project. The next process is seeking for projecipsecand limitation to defin
problem identification. Then, hypothesis can besdeined and literature revie
can be used to give explanation about theoretiaakdround of the probler
Next processs to determine the problem statement and defiagthpose of th
project.
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2. Data Collection consists of three processes. Those are field wésen,
interview, anditerature searching. Purpose of this step is to obtain #ta that
will be use to do the analysis process.

3. Analysis data is the activity which has function to explore ttiata then make
suggested layout. It divided into four sectionsalgsis product demand, analysis
layout, simulation process, and evaluates the sigddayout. Each section has
its own procedure to complete the analysis process.

To analyze product demand, it needs to sort the ftam the highest until the
lowest demand within one year. Next is calculatihg cumulative percentage
then make a graph based on Pareto analysis. Takepiiacess is to analyze the
data using ABC analysis to determine the produwswill be used in simulation
process.

Second step is analyzing the layout. Informatidateel to the layout and visual
analysis process in the company is the essenitrasho begin this process. After
analyzing both data and information, there areethaspects that need to be
identified. Those aspects are assembly line balgnciumber of worker and the
activity inside the company; and total productivppyoduction that focus on
machine breakdown. After both three aspects arglaialy done, it should make
an Area Relationship Chart (ARC) that explains tekationship between each
department and area. Next step is to make Aredai®edhip Worksheet to give a
clearly understanding about the ARC. The final sigpto design Area
Relationship Diagram (ARD) that will be used as asé to design suggested
layout. Both steps are based on Systematic Laylannihg (SLP) methodology.
Simulation step is to simulate and analyze the daydt consists of several
processes, as follow: model conceptualization, mwdaslation, and running the
simulation. Model conceptualization is to make sam@leling regarding to the
problem. After the modeling has been completehdusd be translate into the
simulation language. Then, the simulation can startin. The simulation will be
conducted by using ARENA simulation software.

Evaluation process is comparing process betweeh &albérnatives layout and
makes some decisions regarding to the result df itsed several parameters to
evaluate the result. The most efficient layout il use as a recommendation
layout to the company in order to increase the pcodity.

4. Summary process contains of the final result of the project which the
recommendation layout which has the most efficpgntess that can increase the
productivity and further developments that needbdocomplete to support the
layout.

Factory Layout

According Deb and Bhattacharyya (2003), factoryolgyis the arrangement
of area that related to the manufacturing processllow greater efficiency and
productivity. It consists of arrange working areatrage areas, and location of
machines. The arrangement process is related tprdoess manufacturing, product
that will be produce, area of the factory, operalocost, and the specification of
machines (dimension). Every single movement wifluence the optimization of
production. There are some characteristic of goaality factory layout, as follow
(Saerang, 2011):
1. Traveling time of workers and material is decregsin
2. Minimum operational cost
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Zero accident in the factory
Employees could work efficiently and effectively
Optimize empty space
Communication among employee are well organized

Several factors that must be considered to makeod tayout are: material,
machine used, employee, and material handling r(@il2009). Based on the work
flow of manufacturing process, there are four typielayout as follow (Yin, 2009):
1. Process layout: arrangements of machines which siaviéar function are placed
together into one.

2. Product layout: arrangement of machines locatiosetbaon the production
process.

3. Fixed — position layout: arrangement of equipmehtst used to produce the
product are move to the location where the maimyebis located in the fixed
location.

4. Group technology layout or cellular layout: comltioa of process and product
layout.

o0k w

Systematic Layout Planning (SLP)

Richard Muther (1973) was introduced the idea ofkt&wyatic Layout
Planning (SLP) method. It is a planning procedorartange factory layout. The aim
of this method is has a fastest flow of materialirty manufacture process with a
lowest cost. There are several fundamental proesdinat must be done in order to
have an efficient and effective factory layout. $loare identify, generation of
alternatives, evaluation, selection, and implementaDetails procedure of SLP are

as shown as figure 2.

Data Analysis Systematic Layout Planning

Analysis
Data Collection > ARC
\ DBD
Flow Analysis ¢
(material and i
information) ARD
‘ |
Y
Relationship between AAD
eachareaand | | ¢
manufacturing
processes Master Layout

Figure 2. SLP Procedure

Figure 2 shows that the SLP procedure consista/ofsteps of analysis. The
first step is data analysis. To begin the analys®, process is to collect the data that
related to the process manufacturing. Then itinaetd with the flow analysis
(regarding to the material and information flowypahe relationship analysis between
each area and manufacturing process. The purpatsafinalysis process is to know
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the closeness relationship between each area basethe flow analysis and
manufacturing process. Result of this analysis bellused as a based to develop the
SLP analysis.

After all the data have been identified, SLP analgsan be developed. The
process starts from generate the Activity Relatigm€hart (ARC), ARC worksheet,
Dimensionless Block Diagram (DBD), Area Relatiomstdiagram (ARD), Area
Allocation Diagram (AAD) that already allocated the proper layout, and the
outcome is the Master Layout Drafting.

Simulation

Simulation is an artificial model of process desigrthe real model system,
usually performed on a computer (Shannon, 1975¢. dim of it is to study and to
analyze the behavior of the real system. Anothempgse is to makes some
experiments in order to create and determine glieteto implement the proper of
system behavior.

Simulation can be used to study about various aspEcacilities planning.

The various aspects is about facilities designaciy planning, inventory policies,

quality and reliability systems, warehousing angidtcs planning, and maintenance

scheduling. By using simulation, analyst can corapae difference between real
system and the alternatives scenario. Besides,alseycan study why it happens and

which proposed alternative is the best solutioit. gBanks, 2005)

There are several reasons why analyst do someigascbn simulation

modeling, such as (Banks, 2005):

1. Evaluation. With simulation modeling, analyst can evaluate throposed
alternative system design and determine whichradteres is the best.

2. Comparison. Compare the several options of system designantdyze the
specific function.

3. Optimization. In simulation modeling, analyst can do some eaxrpemt to
optimize the system by develop some factors or coenkseveral factors can
produces the best response in system.

4. Bottleneck analysis. With simulation modeling, designer can find the
characteristics and location of bottleneck that¢etfhg the process in system.

Data Analysis
Analysis Product

To begin the analysis process, first is analyzirggroducts. The purpose of it
is to select the products whose will be used toimuhe simulation. This process will
start with define the product demand for each iypene year. Then, sorting the data
based on the amount number of demand in each psoétoen the highest until the
lowest demand. Afterwards, the data will be usedhtplement ABC analysis as a
tool to makes decision which products must be satleas an input for the simulation
model.

Table 1. Category Demand Percentage

Category  Cumulative Value Total Type of
Demand (%) Product
A 75.3 6
B 19.7 S
C 4.97 40
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ABC analysis is a grouping method based on thedsigintil the lowest value
of data and divided into three categories whichArB, and C. Based on percentage
of total demand, data can be classified each ptdgipe into ABC classification.

From ABC analysis, the greatest cumulative valuaated which is category
A that has six types of product will be selectedhtplement in the Arena Simulation.

AnalysisLayout using SLP Analysis

The next process after analyzing product demandanalyzing layout.
Systematic Layout Planning, production line areanping, operation process chart
will be implemented as tools to develop new layaiuEompany X.

Area Relationship Chart
Area relationship is implemented as a basis of megendation for making

new design layout. There are several data neederder to makes area relationship
chart, such as current layout with the dimensioeach area and building, steps in
manufacturing process, and informal interview wiite employees. The purpose of
informal interview is to determine the closenesgoamance relationship between
each area. Thus, data of area relationship willimee reliable and accurate for
Systematic Layout Planning. Here is the data od asesting in the Company.

Table 2. List of Area Existing in the Company

Area Relationship Worksheet
After analyze the relationship using area relatigmschart, then area

relationship worksheet can be generated. It usmd&e easier in understand and

translating the chart from Area Relationship Charto Dimensionless Block

Diagram.

Dimensionless Block Diagram
After Activity Relationship Worksheet has been gated, the dimensionless

block diagram can be created. Dimensionless bloagrdm consist of block that

contains of area name in the center and the clesaeéationship code at the top and

Area Area Area Area

Raw Material Storage Toilet Disc line 2 Machine 3BI

g;’etg”g RawMaterial | pivline 1 | GP 12 Area Area TPS Limbah P3

Compressor ﬁr:gr(le RIM Lathe Area Scrap

Dies Maintenance RIM line 2 Shearing Test Area lewskt.2

Substation 2 Store RIM Disc Store After Disc store before
line 2 P3CO3 P3C03

Wa_rehouse dies Dies Rack Maintenance tools CED line

maintenance

Maintenance area Area QC OTC area Top coat line
Area

Die set table Meeting OTC store Finished good store
Plant

WIP disc 2 store Disc line 1 Ravy Matgrlal Storage Packaging

& Final size
Adr_nln area dies P3CO3 Office Storage
maintenance
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bottom side of block. Besides, there will also numtheit determine each area in-
workshop written bellow the relationship cc
Area Relationship Diagram

The dimensionless block diagram will be arranged several designs to fir
the most optimumlayout. To make an optimum Area Relationship Diagr
department or activity which is describe with a lbat has A relationship must
placed side by side.
Area Allocation Diagram

The next analysis after all the previous analysasehbeen done is Are
Allocation Diagram which is the technique of plagitne areas regarding to the fli
of manufacturing process, flow analysis (materiad ainformation), and th
dimension of each area.
Draft Master Layout

The best AAD will be used as a based to desigiDtlaét Master LayoutThe
draft layout will be visualized by using AutoCadits show in Figure &

UBSTATION-2

Figure3. Proposed Layout of Company X

Analysis Layout using Assembly Line Balancing

To analyze assembly line balancing, it needs dagarding the lead time
each operation. Then after obtained the data,otilshsum up the time to know t|
number of stagesequired. The total lead time divided by the regdicycle time t
get the required number of stages. Total lead thae different amount in eve
product types.

Hence, in order to calculate assembly line balaydime total lead time in
product types assumed to has the same amount ars#stthe longest procesg
time.

237.76 secondsz/piece

Number of stages = 18.9 stages 19 stage

12.5% seconds /piece
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From calculation above, Company X should operatsté§es operation wii
total lead time 237.76 seconds/piece and targetddr,080,778 units in a year.
the actual condition they ojate 32 stages operation; hence the analysis skauid
on with the line balancin

To start the line balancing analysis, average cyaele must be calculated fir
from total work content divided by number of regairstages. The average cycle t
will assist to make decision whether the machine mudtpkcated or not in order-
make the flow of process balar

, total work contant
Average Cycle Time =

total regquired stages

Average Cycle Time = 23058 seconds
32 stages
= 7.20 seconds/stage
The result above shown that to achieve line batanor prevent bottlenec
during theproduction process, each operation must spendsée@onds to comple
the job. The fact is, there are some operationshwtake more than 7.20 seconds.

solve the problem, the operation should be dugttéd achieve line balanci

Table 3 Comparison of Actual and New Total Lead Ti

Descriptior Actual (s) New (s)
Total Lead Tim 230.54 150.27

Based on the assembly line analysis, there arep&Bations that must
duplicated in order to makes the whole processesbalanced. It makes tt
efficiency of production process is increasing #82%. The calculation of increa
of efficiency is:

(total actual lead time — total new lead time)
Efficiency = . #* 100 %
total actual lead time

o (230.54 - 150.27) seconds
Ef ficiency = 230.54 seconds % 100 %
=34.82¢
From the analysis above, it can be concluded that efficiency of
manufacturing process can be increased to %. Thus, several operations that
be duplicated based on the assembly line balaremiadysis will be implemented

the Draft of Layout.

Simulation
Conceptual M odel

Generally, the simulation model will contains opirn, process, and output.
initial condition, raw material that already armvevill transfer to the next proce
until it becomes a finished product. Figure 4 isvgh the overall conceptual moc
for gx products in current conditiol

The purpose of this simulation model is to give iaualization of the
manufacturing process and compare the current ampbged layout performanc
thus the result of the comparison will be used &kenthe best layowdecision. Ther:
are several parameters that used to measure tfegrpance, such as input, outp
transfer time, throughput, and total lead ti
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To construct the simulation model, there are sossuraptions due to the

manufacturing process, as follow:

* Total working time within a day is 21.67 hours pey.

* There is no adjustment process in each machine.

» Each machine produces one product only.

» There is no breakdown machine.

* No delay time between each process.

* Each product has a constant demand within a day

Model Translation

In model translation, model is translated and coogtd based on the
Operation Process Chart for the manufacturing m®cdhe model translation
structure consists of six types of product corietato different cycle of time in each
process.

The first creation to translate the conceptual rhagleising Create Module.
This module is used as the starting point for eiyge or entities in a simulation
model. It used only once for the whole processés. iput data of create module is
based on the demand of products per day and intealatime from raw material
storage to the initial process.

After design Create Module, both of entities gothe Station Module. It
shows the station state of each workstation. Etatioe module is hamed according
to the workstation.

Afterwards, each entity flows to Decide Module ftacision making process.
To decide the processes, it based on the conditi@an be used a percentage true.
For example, the percentage true of 80%. The ptadwcceptable if the percentage
true is> 80%; then it goes to the next process. Howevehefpercentage true 15
80%; it goes to another process which is repaicgse before it goes to next process.

Then, the flow of simulation model goes to Assigoeddle. This module is
used for define the attributes; entity types, gnpictures, and lead time for every
types of product. Each entity will use each AssMadule separately due to the
different cycle time needed for each type. Besidssalso to prevent the chaos
between each entity. However, both of entities hsame operation resource and
step. There will be several Assign Module used w@ing to the each type for the
entire processes.

Next, the entity goes to the Process Module. Isuse the main processing
method in the simulation. There is one or more &sdviodule based on the number
of machine used in each workstation. The actiorclégy each module is Seize Delay
Release and the resources assigned to the matertae process. Delay type is
expression to determine the attribute runs thege® the second form.

Afterwards, the simulation model goes to the Rdvtelel. Its function is to
transfer an entity to a specified station, or te ttext stations. The module has a
transfer time (seconds) to represent how longkiegao transfer from one to the next
workstation. In this simulation model, there wik several Route Model due to the
several workstations exist in the entire processes.

The entire workstations have almost the same stép the first. The
difference is on the number of machines used tdywre products.

The next process is an assembly process that rith disc must being
assembled into one produce a wheel. The assembbess is assign in the Batch
Module. It used as a grouping mechanism in simufatnodel. The type in this
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module is permanent and batch sizes are two comp®rtdat present of two
components are assembled continuously into one. riilee is any entity which
requires the entity that defines rim and disc.

Finishing station is almost the same with previstadion. The difference is at
the end of process, there are Record Module andoBés Module. The function of
Record Module is to collect the data statisticsalvhis the total time for the entire
processes in simulation model. And Dispose Modwdesuas the ending point for
entities.

Model Verification

Model verification is used to confirm whether thanglation model is
correctly implemented or not. The procedure is tonthe logic of translated model
from the initial until the last module in the simtibn model. When the checking
process is done and represent the real system mufa@uring process, the
simulation model can be run. If the simulation rumsll without any error, it
considered to be verified.

Model Validation

Model validation is the comparing process betwdsn real condition and
simulation model. The purpose is to make sure vdretie simulation model runs
almost the same with the real condition or not.réhare several parameters to be
compared; number of input and output, number afughput, transfer time, and total
lead time. Table 4 is the summary of result congoaribetween the real condition
and simulation model.

Table 4. Summary of Result Comparison

No Parameter Type of Product Real Condition Sinmtatodel

1 Number of Input (units) Product A 692 692
Product B 314 314
Product C 609 609
Product D 787 787
Product E 583 583
Product F 406 406

2 Number of Output (units) Product A 692 692
Product B 314 314
Product C 609 609
Product D 787 787
Product E 583 583
Product F 406 406

3 Transfer Time (hours/unit) Product A 1.53 1.53
Product B 1.53 1.53
Product C 1.53 1.53
Product D 1.53 1.53
Product E 1.53 1.53
Product F 1.53 1.53

4  Total Lead Time (hours) 21.67 17.29

Table 4 shows there is a different between the geadition and simulation
model due to there is no delay time in each prooefise simulation model. But the
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different is not significant due to almost parametbave the same result. T
difference only at the total lead time; and theueak small

The conclusion is, simulation model is valid andl Wwe used to compare tl
actual condition and proposed cition layout due to the difference in moc
validation is not too significar

Proposed Simulation

Based on the previous analysis, the simulation bellused as a tool to
compared. Simulation model between the actual tiomdand proposed design
amost the same. The difference is on the severahimas that should be duplicat
in order to make the entire processes more balafregosed simulation model a
the results can be seen in Figurc Table 5shows the summary of the res
comparison btween the real condition and the optional desagout

Table5. Summary of Result Comparison

Type of Real Propose

No Paramete Product Condition Layout
Product A 692 692
Product B 314 314
) Product C 609 609
1 Number of Input (unit: Product D 287 87
Product E 583 583
Product F 406 406
Product A 692 692
Product B 314 314
) Product C 609 609
2 Number of Output (unit Product D 287 287
Product E 583 583
Product F 406 406
Product A 1.53 0.44
Product B 1.53 0.44
. . Product C 1.53 0.44
3 Transfer Timghours/unit Product D 153 044
Product E 1.53 0.44
Product F 1.53 0.44

4 Total Lead Time (hour 17.29 11.6478

It can be concluded, by simulate proposed layd,ttansfeitime and total
lead time are reduced. It is due to the duplicatmnseveral machines al
rearrangement of the layc

To analyze the simulation, there are some calauiatthat need to be done
order to know how the productivity changes aftedesegiing the layout. Th
calculations are involved:

* The result of simulation model is shows a big défece in the total lead tin
between the real condition in the simulation arel ghoposed layout (the secc
alternative layout). It can be concluded thae efficiency of the proces
manufacturing is increasing due to the total leacktis reduced. The calculati

IS
(17.29—11.65) hours

17.2% kours

# 1000

Efficiency increase =
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Effici . _ 5.6% hours % 1005
LCLETICY LNCTease — 1729 hours i

Efficiency increase = 32.62 U

* From the calculation above, the required lead tforethe entire processes
produce 3,391 products per day can be reduced.@t fours within per da
Thus, it can reduce the shift within a day fromethshifts per day it can redu
until two shiftsper day. The calculation is as folloy

3262
Time reduced = oo W 21.67 hours

Time reduced = 7.07 hours

Total working time within a day it

Total working time = 21.67 hours — 7.07 hours
Total working time = 14.6 hours

» Total product that can be produced within a dayhé company requires tl
number of shift within a day is 3 shifts. The cdddion is :

(x — 3,391)products
3262% = ® 100%

x
0.3262 x = x— 3,391 products
0.6738 x = 3,391 products
x = 5,033 products

x representa total product that can be produced within a déi & shifts. It
can be concluded that within a day by performirg phoposed layout is able
produce 5,033 products rather than the currentulagitat only able to produc
3,391 productsWhich is the productivity of the proposed layoutinsreasing
32.62 % from the current layout by the simulatioalgisis

Conclusion

The new layout has been generated by using Systemayout Planning
methodology. Analysis starts by making an ActiviRelationship Chart (ARC) bass
on the closeness relationship between each actvigrea. It will uses as a base
arrange the Dimensionless Block Diagram (DBD). @imaensions for existing ea
area and facilities include the machines, tools,aeé clculated in order to arrang
the new layout. Before develop the new layout, ragdg line balancing analysis mt
be obtained in order to make the proposed layaetsrere balance than the act
layout. According to DBD, calculated dimension, assemty line balancing, th
proposed layout can be arrang

The proposed layout has its own characteristic asethe flow of materie
and area allocation; and also has consequencds itéampany implements tt
proposed layout. After designing the new let, simulation analysis must |
accomplished to ensure which layout is the besbuayto be proposed. Ti
parameters that will be analyzed are number inpdtautput, transfer time, and to
lead time to complete the job within a c

Based on the analis process, it can be concluded that Company X
increase their productivity and more efficient dgrithe manufacturing process
they implement the proposed layout. But, it may $axgeral consequences, as foll
they must added some new machinesmake the process is more balance |
before; and makes some expansion in several at€ampany X
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Further Developments
According to the observation of layout anaylsisgsi following research

needs to be included in further developments, kN0

1. Company needs to be focused on their inventoryrder to minimize their
inventory cost and it will make the company morkcednt if they have a smaller
inventory than before.

2. Line Balancing. The current analysis at thigjgut is only performed with one
iteration. There will be a better balancing resyitperforming more iterations to
increase their productivity.

References

Ailing, C. 2009 Facility Layout Improvement Using Systematic LdayBlanning
(SLP) and ARENAUniversiti Teknologi Malaysia.

Banks, C., and N. Nelson. 201Discrete-Event System Simulation 5th EditiNew
Jersey : Pearson Education, Inc.

Baskoro, Y.A. 2010.Plant Relocation of PT. Sanken Argawidjaja by Using
Systematic Layout Planning (SLP) Combine with Flamalysis and Assembly
Process Design.Department of Industrial Engineering, Swiss German
University, Bumi Serpong Damai.

Hopp, W.J. and M.L. Spearman. 20@actory Physics 3rd EditionSingapore :
McGraw — Hill Companies, Inc.

Kitriastika, V. 2012.A Redesign Layout to Increase Productivity (Casslyst PT.
Inkoasku). Department of Industrial Engineering, Swiss Gerntamversity,
Bumi Serpong Damai.

Meyers, F.E., and M.P. Stephens. 2008Banufacturing Facilities Design and
Material Handling New Jersey : Pearson Prentice Hall.

Prawira, A.R. 2011Analysis of Soekarno Hatta Airport Runway CapabigyUsing
Discrete Event Simulation Metho&wiss German University. Bumi Serpong
Damai.

Saerang, E.V. 201JAnalysis, Synproject and Discrete Event Simulateoincrease
Productivity of Pump Packaging Systebepartment of Industrial Engineering,
Swiss German University, Bumi Serpong Damai, 2011.

Salsabil, M.R. 2010Designing a Self Service Kiosk System to Reduc@tiesiing
Time of Cinema’s Customerfepartment of Industrial Engineering, Swiss
German University, Bumi Serpong Damai.

95



