Hong Bang International University Journal of Science - Vol.6 - 6/2024: 99-106

DOI: https://doi.org/10.59294/HIUJSVOL.6.2024.635

Material handling cost optimization for a pushbelt
manufacturing company using computerized
relationship layout planning Algorithm

Le Duc Hanh, Le Duc Dao and Truong Quoc Khoi
Ho Chi Minh City University of Technology, Vietnam National University

ABSTRACT

The strategic arrangement of a shop floor plays a crucial role in determining the operational effectiveness
and financial performance of a manufacturing facility. The layout directly influences productivity,
workflow, and even employee safety, making it a key factor in a plant's success. In this study, the objective is
to refine the facility layout of a push belt manufacturing plant to decrease potential contract penalty fees
that may arise from delays and to diminish the expenses associated with material handling. To address this
challenge, the research adopts the computerized relationship layout planning (CORELAP) Algorithm to
formulate an optimized layout. The implementation of this algorithm aims to reorganizing the shop floor to
streamline the movement of workers and materials. The anticipated outcome of the newly designed layout
is a significant reduction in the travel distance required for employees to complete their tasks. This
optimization is expected to contribute to notable improvements in operation times and cost savings.
Particularly, this enhancement results in the elimination of undesirable contract penalty fees and a notable

reduction in material handling costs.
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1.INTRODUCTION

In competitive markets, companies must deliver
superior products or services while maintaining
cost-effective production [1-2]. Consequently,
they must strategically analyse and develop
approaches to meet demands at reduced costs.
The modern manufacturing facility must adapt
quickly to fluctuating product mixes and demand,
all the while minimizing expenses associated with
material handling and machine relocation
[3].Moreover, an efficient facility layout is
fundamental for a plant to operate effectively,
seamlessly, and safely [4]. In this case study of a
push belt manufacturer, it is determined that an
inefficient facility layout results in unnecessary
travel distance. The consequences are increase in
product storage costs and contract penalty fees.
To solve the issue, several studies have been
conducted. Farhad Azadivar & John(Jian) Wang
used simulation and genetic algorithms that
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consider dynamic characteristics and operational
constraints of the system as a whole [1]. A C
Sembiring applied CORELAP Algorithm to
enhance the utilization of space for classroom
allocation [5]. Inaki Maulida Hakim and
Vidyahningtyas Istiyanti also uses the CORELAP
method to improve production facility layout fora
secondary packaging area of a pharmaceutical
company [2]. Li Weng proposed an efficient and
flexible algorithm to generate plant layout [6].
Ikhsan Siregar and Khalida Syahputri applied
BLOCPLAN Algorithm to improve the production
facility design of a cup manufacture [7]. Kar Yan
Tam designed a coding scheme using Genetic
Algorithm to help solve large scale layout
problems [8]. Tarigan also proposed a shop floor
layout using process layout and product layout
approach in an electronic appliance manu-
facturingcompany[9].
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In this paper, a push belt manufacturing plant has
experienced an average delay of 20% in its
deliveries over a continuous nine-month period,
resulting in high storage costs and unwanted
contract penalty fees It has been identified that
the inefficient layout of the shop floor is the root
cause of this issue. To address this problem, the
CORELAP Algorithm is employed to propose an
optimized layout for the manufacturing plant.
Section 2 provides detailed information about the
push belt manufacturing plant.

2.CASE STUDY

This research was conducted at a push belt
manufacturing plant located in Long Thanh
Industrial Zone, Dong Nai Province, Vietnam. The
implementation was carried out from September
2023 until the beginning of December 2023. At
first, the research identifies that three major
causes leading to late deliveries are long travel
distance in the shop floor, take/ give back tools or
equipment, and workers waiting for materials or
components. Then itis concluded that the reason
behind those problems is the inefficient facility
layout of the shop floor. At the next phase, the
research collects data by field study. The field
study was carried out on the entire shop floor,
which is located inside the plant. Particularly, the

materials flows are collected by examining each
functional area's materials. The material flows are
presented in Section 3.1. Workers' movements
from one functional area to another were
observed and recorded in 7 days. The facility
layout was obtained from the plant's overall
design file. After collecting the right data, the
relationship closenesses between each functional
area are grouped using a movements frequency
chart which presents the movements between
functional areas. Then, the CORELAP algorithm is
applied to propose an optimized facility layout.
The detail process is presented in Section 4.3.
After that, an analysis of the results has been
conducted. It presents the total travel distance of
the proposed layout based on CORELAP, the
reduction in total travel distance, and the results
regarding to costs. The results are presented in
Section 5.

3. COLLECTED DATA

3.1. Materials flows

The materials flows are categorized into three
main lines: element line, assembly line, and loop
line. Work-in-process is produced in the Element
Line and Loop Line. The final product, the CVT
pushbelt, is composed in the Assembly Line. The
processesare presented in Figure 1:
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3.2. Current layout

Figure 1. Materials flows

After the initial layout file is obtained, it is essential to
process the data by removing specific machines and

ISSN: 2615 - 9686

equipment presented in the file. To help visualize the
layout, a simple layout is designed. The design only
shows the locations, areas, and names as Figure 2:
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Figure 2. Simple design of current layout
3.3. Workers' movements records symbol so that it is easier to present in tables and
In this study, each functional area is assigned a illustrations. The symbols are presentedin Table 1:
Table 1. Symbols used for functional areas
Functional area Symbol
Assembly 1 A
Assembly 2 B
Element Line 1 C
Element line 2 D
QMM chamber E
Toilet 1 F
Toilet 2 G
Break room 1 H
Break room 2 I
Loop line 6 J
Loop line 7 K
Coil importing and waiting area L
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Functional area Symbol
Office M
Storage N
Tool shop 1 0
Tool shop 2 P
Weigh and laser coding area Q

The workers' movements record in 7 days is presented in the movements frequency chart in Table 2.

Table 2. Workers' movement records in 7 days

Fron ™l alBs | c|obleE K| L |m]|N|]O]|P]| Qq
A 22 80 | 13 | 15 | 156
B 24 8s | 18 | 21 | 133
C 128 30 | 33
D 90 | 150 32 | 29
E
J 160 | 132 17 24 | 2
K 153 15 26 | 18
L 87 | 105 21
M 2 | 22 | 15 | 17 | 14 6
N
o)

P
Q

4. Applying CORELAP Algorithm

The CORELAP Algorithm uses relationship rating to
define the element placement order. This
algorithm can produce a new layout while it
doesn't require or depend on an initial layout [8].
The algorithm uses TCR (Total Closeness Rating) to
select the placement of the facility elements,
where TCRis the sum of the closeness rating of one
department to others. The formula can be
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presented as below:

m
TCR = Z WL}

Jj=1,i#j
where:
m: number of departments
W,: rating score between departments i and
The CORELAP Algorithm contains two main
activities, which are defining the order of
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departments and placingthem inthe layout. These

can be presentedin the steps below:

- Allocate the department that has the largest TCR.
If the same largest TCR is observed within some
department, allocate the department having
more A, thenE,and soon.

- Once the department has the X relationship with
the re-arranged department, it will be established
inthe final step. If there are a lot of X departments,
re-arrange it by the decency of TCR.

- The next department will be allocated based on
the close relationship with the first one (A, E, I).
Using TCR if there is more than one possible

Table 3. Values of the rankings

outcome.

- Make the loop of the process until all departments
are placedin the layout.

The detail of how the CORELAP Algorithm is applied
is presented in Sections 4.1 and Section 4.2.

4.1. Relationship closeness grouping

In this stage, the relationship chart, with rankings
A, E, I, O, U, can be constructed by classifying the
movement records among the functional areas.
Movement records will be categorized to
rankings as in Table 3:

Ranking Value of movement records
A 110-160
E 80-109
I 40-79
o 10-39
U 0-9

Based on the movement records among the functional areas, the relationship chart, with rankings A, E,

1, 0, U, can be constructed in Table 4:

Table 4. Relationship closeness rankings
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4.2. Placing order

Table 5 summarizes the number of rankings, TCR
scores, and the placing order based on TCR scores.
It presents how many As, Es, Is, Os, Us each
functional area has and the TCR score, where the
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TCR score can be calculated as:

TCR = (number of As x 4) + (number of Es x 3) +
(number of Is x 2) + (number of Os x 1) +
(number of Us x 0)

ISSN: 2615 - 9686




Hong Bang International University Journal of Science - Vol.6 - 6/2024: 99-106

Table 5. Summary of rankings, TCR score, and placing order

et | a e L o [ v [ e
A 4 2 0 4 2 26 1
B 3 1 0 4 4 19 2
C 1 1 0 3 7 10 4
D 1 2 0 3 6 13 3
E 0 0 0 3 9 3 7
J 2 0 0 3 7 4 13
K 1 0 0 3 8 7 8
L 0 2 0 1 9 7 9
M 0 0 0 10 2 10 5
N 0 2 0 1 9 7 10
0] 0 0 0 6 6 6 11
P 0 0 0 6 6 6 12
Q 2 0 0 1 9 9 6

According to the CORELAP Algorithm, Area A,
which is placed first, would be placed in the
middle of the shop floor. The next one, Area B, is
placed close and in the West corner of Area A.
Because only Area C fits the width of the
production area if it is placed above Area A and B,
itis prioritized to place Area Cin the North corner.
Then Area D would be placed next to Area Ain the
East, since it has an A-relationship with Area A.
The rest areas are placed similarly. Additionally, as
requirements from manager, it is required that a
bathroom and a breakroom must be placed next
to each other; one pair is located at the end of the
production area, and the other is located inside
the production area.

5. RESULT
In CORELAP algorithm, it only produces one

proposed layout. This layout is considered the
optimized layout according to CORELAP. After
placing the functional areas according to the
CORELAP rules and order, the new layout will be
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obtained and presented in Figure 3.

Comparedtotheinitiallayout, thelocations ofall
functional areas have been changed. However,
areas Assembly 1and Assembly 2 are still located
close to each other due to their close
relationship and they have the highest TCR
scores. Areas Storage and Office are similar.
Functional areas that have strong relationships
(ranking A and E), such as Assembly 1, Assembly
2, Element Line 1, Element Line 2, Loop Line 7,
have been located closer to each other
comparedtotheinitial layout.

As requirements of the warehouse manager,
toilets and break rooms are still located close to
each other. After introducing the new layout, it
was noticed that workers' total travel distance
decreasedto 138,273 metersover a 7-day period.
This represents a significant drop from the initial
distance of 172,791 meters, resulting in a
reduction of 34,518 meters, which is equivalent
t020%.
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Figure 3. New layout based on CORELAP

6. CONCLUSION AND FURTURE RESEARCH

The research examines the challenges faced by a
push belt manufacturing plant, particularly the
potential contract penalty fees stemming from delays
and subsequent additional material handling costs.
After thorough analysis, the primary cause was
identified as an inefficient facility layout on the shop
floor. To tackle this issue, the study employed the
CORELAP Algorithm. The Algorithm effectively
proposed a new layout, which proved to be
significantly advantageous. With the implementation
of this new layout, it was observed that the total
travel distance covered by workers over a span of 7
days reduced to 138,273 meters. This marks a
noteworthy decrease from the initial travel distance
of 172,791 meters, amounting to a reduction of
34,518 meters, equivalent to 20%.

The substantial 20% reduction in worker travel
distance on the shop floor has demonstrated its
potential to address the problem of late deliveries.
Consequently, it leads to cost-saving benefits.
Notably, it completely eliminates the contract
penalty fee, which originally accounted for 3% of the
total contract value. Additionally, it decreases
storage costs by a notable 12%. These findings
underscore the pivotal role of efficient facility layout
in mitigating operational challenges and enhancing
financial performance in manufacturing plants.
Thus, the successful application of the CORELAP
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Algorithm in optimizing the layout stands as a
testament to its efficacy in addressing complex
industrial challenges.

Future studies could delve deeper into the human
factors aspect of facility layout design. This entails
examining ergonomic considerations, such as
workstation design and layout, to optimize worker
comfort, safety, and productivity. Incorporating
ergonomic principles into layout optimization
processes can lead to further improvements in
worker satisfaction and overall operational
performance. Furthermore, future research could
explore the application of simulation modelling
techniques to evaluate the impact of different layout
configurations on various performance metrics,
such as throughput, cycle time, and resource
utilization. Simulation models can provide valuable
insights into the complex interactions within
manufacturing systems and help identify optimal
layout configurations under different scenarios and
constraints. Moreover, considering the increasing
emphasis on sustainability and environmental
responsibility, future research could investigate the
integration of green design principles into facility
layout optimization processes. This includes
minimizing energy consumption, reducing waste
generation, and optimizing material flow to
enhance overall sustainability performance while
maintaining operational efficiency.
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Ung dung giai thudt CORELAP nham t9i wu héa chi phi di
chuyén ctia nguyén vat liéu clia mét cong ty san xuat day dai

Lé Dirc Hanh, Lé Blrc Pao va Trwong Qudc Khodi
TOM TAT
Swsdp xép mdt bang khu sén xudt déng vai tro quan trong trong viéc xdc dinh hiéu sudt hoat déng va hoat
ddng tai chinh cia nha mdy. Cdch bé tri truc tiép anh hudng dén ndng sudt, quy trinh lam viéc, va cé sw an
toan cla nhdn vién. Biéu dé lam cho bé'tri mdt bdng tré thanh mot yéu té cét 16i trong thanh céng clia mot
nha mdy. Trong nghién ctru ndy, muc tiéu la diéu chinh cdch b6 tri mét béng cia mét nha mdy sén xudt ddy
deo truyén dong dé giam thiéu cdc khodn phi phat tiém néng trong hop déng phdt sinh tir chdm tré cua
don hang va giam thiéu cdc chi phi lién quan dén lwu kho nguyén vt liéu. D€ gidi quyét vén dé nay, nghién
ctru dp dung Thudt todn computerized relationship layout planning (CORELAP) dé xdc dinh cdch b6 tri t6i
wu. Viéc thue hién thudt todn ndy nhdm muc dich tdi b6 tri khu vire sén xudt dé téi wu héa dong di chuyén
cta cdng nhén va nguyén vat liéu. Két qud cda sw bé tri mdi duoc du kién la gidm ddng ké khodng cdch di
chuyén cén thiét cho nhén vién hoan thanh nhiém vy cia ho. Su téi wu héa ndy sé gop phan cdi thién ddng
kévé thoi gian hoat ddng va tiét kiém chi phi. Ddc biét, sw cdi thién nay ddn dén viéc logi bé cdc khodn phat
hop d6ng khéng mong muén va gidm thiéu ddng ké chi phi xi ly vat liéu.

Tirkhéa: nguyén vat liéu, téi wu héa, san xudt déy dai
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