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Plant Layout Design with Simulation

Uttapol Smutkupt, and Sakapoj Wimonkasame

Abstract—In the past, there were many techniques to design
industrial plant layout. The most popular was CRAFT
(Computerize Relative Allocation Facilities Technique).
However, the result from CRAFT was limited. The result of
design showed only minimum total transfer cost between
departments. As a result, the simulation technique is added to
plant layout design to show more information about the design
such as total time in system, waiting time, and utilization. To
add the simulation to a plant layout design, Microsoft Visual
Basic is used to develop a design system based on CRAFT
model. Then, it is used to link the design system to a simulation
system in Arena. Finally, the simulation system send back
overall results to a report system in Microsoft Visual Basic
output form.

Index Terms— Plant Layout, Simulation, Arena, VBA

l. INTRODUCTION

In the past, there were many techniques to design industrial
plant layout. The most popular was CRAFT (Computerize
Relative Allocation Facilities Technique). However, the
result from CRAFT was limited. The result of design showed
only minimum total transfer cost between departments. The
calculation is based on the following equations:

Minimize C = nZ nz f i CI] dlj (1)
i=1j=i+1

C : Total Transfer Cost

fij : Transfer Rate From i To j

Cij : Cost of Transfer Fromi To j

dij: Distance From i To j (From Centroid)

If the distance between departments are rectilinear, dj is
calculated based on Equation (2).

dij = |AX| + |Ay| (2)

If the distance between departments are euclidean, dj; is
calculated based on Equation (3).

dij = (AX)2 + (Ay)2 (3)

To calculate the distance between departments, centroid
of each department is calculated using equation(4) and (5).
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Based on these calculations, the result design will show
only a transfer cost between departments. The good result
design means less transfer cost between departments.
However, there are other parameters missing such as total
time in system, waiting time, or utilization.

Il. SIMULATION TECHNIQUE

Simulation refers to a broad collection of methods and
applications to mimic the behavior of real systems, usually on
a computer with appropriate software. Today, simulation is
more popular and powerful than ever since computers and
software are better than ever. Simulation has many aspects
that do tend to come up frequently as follows:

‘ 1. Problem Formmulation ‘
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‘ 5. Model Translatian ‘
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7. Walidate
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‘ 8, Experiment Design %7

9. Production Runs and Analysis ‘

‘ 11, Documentation and Report ‘

I, SIMULATION WITH ARENA

Arena, the simulation software from Rockwell Software
Company, is the simulation software which combines the
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ease of use found in high-level simulators with the flexibility
of simulation languages and even all the way down to
general-purpose procedural language like the Microsoft
Visual Basic programming system. It does this by providing
alternative and interchangeable templates of graphical
simulation modeling and analysis modules that you can
combine to build a fairly wide variety of simulation models.
For ease of display and organization, modules are typically
grouped into panels to compose a template. By switching
panels, you gain access to a whole different set of simulation
modeling constructs and capabilities.

IV. PLANT LAYOUT DESIGN WITH SIMULATION

Based on the missing of some information from the
traditional plant layout design, the simulation technique is
added to the traditional plant layout design to show more
information such as total time in system, waiting time, and
utilization. As a new concept, there must be a system that can
search for a good layout and then can show more important
information about production. Both concepts are
implemented as computer software with the plant layout
design module and the plant layout simulation module. These
modules are developed based on Microsoft Visual Basic
program. First, there is a Microsoft Visual Basic Graphic
User Interface (GUI) to receive input such as product type,
product quantity, department list, department dimension,
From-To Chart. Then, the plant layout design module is
called. This module is also developed based on Microsoft
Visual Basic program to swap all departments to get
minimum total transfer cost between departments. The
number of swap can be calculated using equation (6)

N(N —1)
M=—= 6
5 (6)

N: Number of Department

After each swap, the total transfer cost of each swap is
recorded. After the final swap, the plant layout design which
gives the minimum total transfer cost is listed. Next, the link
between the design module and the simulation module is
setup. This link is developed based on Microsoft Visual
Basic program to submit the best design from the design
module to the simulation module.

At the simulation module, Arena is used to calculate total
time, waiting time, or utilization from the plant layout design
from previous module. Finally, the result from Arena is sent
back to Microsoft Visual Basic form to give the answer.
Overall concepts are shown below.
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Data Input : Microsoft Visual Bagic

!

Department Input : Microsott Visual Basic

Y
Plant Design Searching : Microsoft Visual Basic

}

Plant Design Result : Arena -

h J
Output : Microsoft Visual Basic

V. PLANT LAYOUT DESIGN MODULE

In the plant layout design module, there are many inputs
those are needed for searching an optimal plant layout such as
total area, number of department, department area,
department location, number of product, production rate of
each product, production sequence of each product and
production rate of each sequence. After that, all inputs will be
used to calculate a total transfer cost from the original plant
layout. Next, the new total transfer cost of a new plant layout
which one department is swapped by another department is
calculated. Finally, after the entire swaps are done, the
minimize total transfer cost is selected. Then, the best plant
layout design is found. All steps are shown below.

e |Initial Setup Window
This window asks for a total area and a number of
departments in the plant.

B33 Initialization

Lavout Data

Problem Mame: |Facility Layout |

MNumnber Depts.: |5

Dimenszion : |m

Facility Information

Scale-m/unit 1 Cell
Length-m |1D |
Wiidth-m 10 |
Area-zq.m | |
Arena Initial ‘ ak | Cancel

o Initial Facility Layout Window

This window asks for an area of each department,
information of each department, and a location of each
department in the plant.
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e  Product Assignment Window

This window asks for a number of products, production
amount of each product and a sequence of department that

each product need to be passed.

B Product Assignment

Time unitin Arena : [Mintes =
Warking tine / Day (Hour): [24

Fiun Speed . [100
Simulate time [Day): [15

Hwerage velocity between all of departments [Mater/Time unit in AREANA] ;|50

New. |

Edit

| e |

aK Cancel

e  Product Detail Window

3 Traditional CRAFT =oEd|
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For swapping one department with another department,

below.

Original Layout:

there are 8 swaps that are needed to be done. Examples of a
swap between Department A and Department B are shown

First A-B Swapping:

This window asks for a production transfer rate of each

product through all department in the plant and a production

time at each department.

1 2 3 4 3 § 7 @ a i | 11 ) 12 | 13 | 14 | 15
16 | 17 |18 [ 19 | 20 [ 21 | 22 | 23 | 24 |25 | 26 | 27 (28 | 29 | 30
3o 3E | 33 [ 34 | 35 [ B | 3 | 38 | 3 | 4h | g1 | [ 43 | 4 | 45

13 Product Detail %]
Praduct name l|
Amount of transfer rate
& By day [ Piecels) /Days
 Bylime unitin ARENA, [ Piece(s] / | Time urnitirn ARENA
| | |
| | |
Second A-B Swapping:
1 L} 11 18 21 26 kS kL
2 7 12 17 22 27 32 kT
3 H 13 18 23 28 X ki
sdd | Est | e | oK Cancel 4 [ o 24 |1 [2a |20 34|
H 1 15 20 25 30 - 40
e Calculated Facility Layout Window
This window create a From-To chart of all departments
and calculate a total transfer cost for the original plant layout 1

and all the possible swap of each department. After the
calculation, all swap results are listed.
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Third A-B Swapping:

L1}

51

3

62

52

kX

L5

52

38

LL3

54

34

65

55

Forth A-B Swapping:

4 44 43 42 4 4 ] 38 n k] 35 4 3 32 3
Al L 58 57 56 - 54 53 52
5 rE 13 I m m (1] (1 LT}
I
Fifth A-B Swapping:
I ™ 3 T2 M ™ L1 68 LT} (1] 65 L2 63 L+ 61
L1} £ 58 51 £ 55 54 53 52 51 a0 44 45 4 45
45 +“ 43 $° H 4 34 38 3 3t 35 kL 33 32 3

Sixth A-B Swapping:
5 ™ 65 L1 55 El 45 4
T | 64 &4 24 =4 44 44 I
3 L 63 58 53 48 43 38
I LT 62 En 52 47 42 En
ke L1} 61 o4 51 44 41 kLl
I
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Seventh A-B Swapping:

5 10 15 20 5 | 35 40

4 q 14 | 18 &4 | 20 | 34 | 34

3 il 13 18 3 28 | 33 30

Eighth A-B Swapping:

Finally, after the calculation, the layout which minimizes a
total transfer cost is displayed.

S Facility )=
Dept: |12 ~| | Distancs Type Cell Area - Length: [10 Traditional
CRAFT
and Dept.: |1-a > " Euclidean & Rectilinear Width: |10 _S' =
SR
Start Arena
a % 257 N
b 25 28N [N
c 15 18N [N
d 1 14N [N
e 2 2N [N
£ mi i
ndo | ol |

VI. PLANT LAYOUT SIMULATION MODULE

After the best plant layout design is viewed, the simulation
model is used to calculate production information such as
total time, waiting time and department utilization.

e  Arena Starting Button

The simulation model is started by clicking the Start Arena
button. This button links between Microsoft Visual Basic and
Arena.
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AEX]

& Form1

This button passed commands that will use to create a
flow chart of simulation model and passed all input
information to define a value of simulation model from
Microsoft Visual Basic to Arena. Example of commands is
shown below.

Private Sub Command1_Click()

Dim arenaApp As Arena.Application

Dim arenaModel As Arena.Model

Set arenaApp = CreateObject("Arena.application™)
Set arenaModel = arenaApp.Models.Add

Dim createmod As Arena.Module

Dim procmod As Arena.Module

Dim disposmod As Arena.Module

Set createmod = arenaModel.Modules.Create

("BasicProcess", "Create", 0, 100)
createmod.Data("Name") = "MyCreate Module"
createmod.Data("Value™) = "3"
createmod.Data("Units") = "Minutes"

Set procmod = arenaModel.Modules.Create

("BasicProcess", "Process", 1000, 100)
procmod.Data("Name") = "MyProcess Module"
procmod.Data("DelayType™) = "Normal"
procmod.Data(""Value") = "10"
procmod.Data("'StDev") = "2"
procmod.Data("Units") = "Minutes"

Set disposmod = arenaModel.Modules.Create

("BasicProcess", "Dispose", 2000, 100)
disposmod.Data("Name") = "MyDispose Module"
createmod.UpdateShapes
procmod.UpdateShapes
disposmod.UpdateShapes

End Sub

Private Sub Form_Load()

End Sub

By this code, there is no need to learn how to program
simulation model. The code from the design module will
create simulation model automatically.

e Arena Flow Chart

From the Arena Starting Button, an Arena flow chart that
will use to calculate production time is created like the
following figure.
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e Arena Report
After the simulation flow chart is developed, the
simulation is run automatically and the report is created.

20014

Q80 000000000 (L] (L]
[T

VIl. VB ReErPORT MODULE

From Arena report, there are so many outputs shown. As a
result, Microsoft Visual Basic report is used for getting back
important results from Arena to show in VB report. Along
with this link, there is no need for users to learn simulation to
get the answers. All information is created directly.

Lo

I | Time uri:[Menins =
50| 2)>2 TRLA(LD.10)35 TRIAT, T

>3 TRIALZ. 5. 7)> 5 TRIAS

| & Start Arona
Sowna Irsbal V sk

50| 74 TRAJE.3.12)5 TRIAE)
G| 1203 TRIALZ. 5, 7125 TRIA

Fiun Speed : [ 100
Simdnia T D) [5
Weskirg vy / D Hea) - [

¥ Auke chore Aera 800,

et i Dty

Espoet dola Resel Slast

IMECS 2009



Proceedings of the International MultiConference of Engineers and Computer Scientists 2009 Vol II

IMECS 2009, March 18 - 20, 2009, Hong Kong

[1]

[2]

(3]
(4]

(5]
(6]
[7]
(8]
(9]

REFERENCES

G. Ighal, M., and Hashmi, M.S.J. (2001). Design and analysis of a
virtual factory layout. Journal of Materials Processing Technology.
118: 403-410.

Lin, L.C., Sharp, G.P. (1999). “Application of the integrated
framework for the plant layout evaluation problem.” European Journal
of Operational Research. 116:118-138.

Georgiadis, M.C., and Macchietto S. (1997). “Layout of Process Plants
: A Novel Approach”. Computers chem. Engng., 21: 337-342.
Benjaafar, S. (1998). “Design of Manufacturing Plant Layouts with
Queuing Effects.” IEEE International Conference on Robotics &
Automation. Leuven, Belgium.

Armour, G.C., and Buffa, E.S. (1963). “A Heuristic and Simulation
Approach.” Management Science. Vol. 9 pp.294-309.

Schmidt-Traub, H. et. al. (1998), “Conceptual Plant Layout.”
Computerschem. Engn. 22: S499-S504.

Askin, R.G., and Strandridge, C.R. (1993). Modeling and Analysis of
Manufacturing System. John Wiley & Son.

Francis, L.R., and White, A.J. (1974). Facility Layout and Location:
Analytical Approach. New Jersey: Prentice Hall.

Kelton, D.W. (2003). Simulation with Arena. third edition. Singapore :
McGraw-Hill Education (Asia).

ISBN: 978-988-17012-7-5

IMECS 2009



