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ABSTRACT

Line Balancing is an assignment of several jobs to the production line or related work stations within the
line to minimize idle time. PT ABC is a company engaged in the garment industry that produces products
such as Pants, Board shorts, Men-shirts, Ladies wear, T-shirts, Polo shirts and Jackets. The production
system used by PT ABC is Make to Order. The company will produce according to the buyer's request.
Samples that have been approved will soon be mass-produced. Every day the company produces different
products in each line with different targets. Production targets are often not achieved and bottlenecks occur
at several work stations, such as in line 2 which produces products in the form of jackets with X style.
Therefore, a research was conducted on that line. This study aims to determine the amount of idle time,
efficiency, and delay time before and after repairs to determine the optimal work station in the production
process of the sewing line 2 department to minimize the occurrence of bottlenecks. This research was
conducted using the Regional Approach method. The results of this study resulted in a balanced track design
with the number of work stations needed as many as 37 units with an idle time of 5.871.2 seconds, a balance
delay of 50.8%, a track efficiency of 49.19% and a smoothness index of 76.59 and an increase in track
efficiency which was originally 40.44% to 49.19%.
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1. gTRODUC TION

Line balancing is an assignment of a number of jobs into interrelated work stations in one line or
production line (Baroto, 2002). Line balancing is a group of people or machines that perform sequential
tasks in assembling a product in a balanced manner so that work efficiency is achieved [1]. Line balancing
is concerned with mass production by clustering in several work centers or work stations [2]. If a w
station with processing time is below the predetermined time limit, it can cause idle time and buildup at the
work station (bottleneck). The purpose of track balance is to balance the track and make the work station
more efficient so that it can produce optimal output [3]. Technically, track balance is done by distributing
each work element to work stations with reference to cycle time [4]. The Regional method was developed
by Berdworth after the positional weighting method [5]. The Region Approach method is used to
complement the shortcomings of the Ranked Possitional Weight method, namely in processes that have
many branches, grouping in regions (columns) must be carried out and then work stations are formed
(Burhan et al, 2012). This method is done by dividing the precedence diagram region into several regions
and prioritizing the operation that has the largest rating time. This technique is a heuristic procedure,
where the selection of elements to be placed on a work station is based on the position of the elements in
the precedence diagram [6].
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As a supply chain of textile industry, garment industry is one of the major industries of the world. The
production process of garments is separated into four main phases: designing/ clothing pattern generation,
fabric spreading and cutting, sewing and ironing, and packing [7]. PT ABC is a Make to Order (MTO)
company where this company will produce products according to buyer requests. In carrying out the
production process, this company has a production target according to a working time of 8 hours / day and
this production target will be different for each line and different style. One of the most influential factors
on the company's productivity is the production line [8]. However, companies often do not achieve
production targets or do not fulfill orders so that production is considered less than optimal. This unfulfilled
production target was caused by the build-up at work stations, the difficulty level of the styles being
produced, and the different abilities of operators. Assigning different work items causes different amounts
of unproductive time and variations in the number of workers required for production (Dini, 2018). This
company also applies a discount system, where if the product produced exceeds the specified time limit,
the more discounts the company gives to buyers ands can be detrimental to the company. Companies
must overcome the buildup and increase productivity at each work station in the sewing process.

The production process is the main thing in a manufacturing company, therefore the balance of the
production line and the planning of the number of work stations used must be as minimal as possible, it is
expected to increase production efficiency and effectiveness which ultimately provides optimal results for
the company (Jaka, 2008). This research was conducted with the aim of knowing the amount of idle time,
efficiency, and delay time to determine the optimal work station in the production process of the sewing
line 2 department so as to minimize the occurrence of bottlenecks. The benefit of doing this research is to
produce a proposal to overcome bottlenecks in the sewing jacket style X process in line 2 production so
that the expected output can be more optimal than the previous output.

2. METHODS

This research is carried out by collecting what will be needed. data retrieval methods are divided into
how to collect data and input data received directly from the company. Data collection can be done by
means of observation and interviews during the study. Observation is an activity to observe every process
that occurs. Interviews with sewing operators, Industrial Enginﬁ]g department staft and practical work
supervisors. Then the author can take input data such as primary and secondary data. Primary data taken by
res ers in the form of data directly taken from the time of observation. The data such as data cycle time
and the number of operators in the production line. Secondary data is data taken from other references, such
as journals, books and scientific works.

The data processing carried out in the study include:

1. Measureae cycle time 3 times in each assembly process.

2. Conduct adg@uacy test and data uniformity test.

3. Calculating cycle time, normal time and standard time

4. Calculate idle time, delay time, efficiency and smoothness index.

5. Summarize the efficiency of existing work stations.

3. RESULT AND DISCUSSION

In this study, the authors collect the necessary data by observing directly the assembly process of the
Style X jacket product on the production Line 2 of the Sewing Department of PT ABC. The data taken in
the form of cycle time from each process at each work station. Data retrieval using the stop clock method
with 3 repetitions. In the assembly process of the Style X jacket product, there are 45 work stations.
Precedence diagrams are made with the aim of making it easier to see the flow of operations in the
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production process. Precedence diagram is a graphical depiction that starts from work operations, and has
a dependence on other work operations which have the aim of making it easier to control and plan related
activities in it [9].
3.1 Dataprocessing
3.1.1 Test of Sufficiency and Uniformity of Data

Based on the data collection above where observations were made on the cycle time of each process
with 3 repetitions. Then a test of the adequacy and uniformity of the data will be carried out which is to
ensure that the data taken is sufficient or not and the uniformity of the data taken. The following is an
exampaofca]cu]ating the adequacy and uniformity of the data in the Join Side process with the initial data,
which can be seen in Table 1.

Table 1 Join Side process time data

Iterasi X X2 X-X (X-X)2
1 156 24.336 -3 9
2 153 23.409 -6 36
3 168 28.224 9 81

Total 477 75.969 0 126

1. Data Sufficiency Test

k 2
_[5 NS 22— (52 Exz_(zx)z]: 0,05 3(75.969) — (477)% _

Yx J 477 65

N'

Based on the data adecncy test above, the value of N' is 2.65. Thus, N' < N and it is concluded
that this data is considered sufficient. The data that has been taken is known enough when N’ £ N is
[EPt necessary to retrieve the data again, and if N” <N then the data is not sufficient (Chang et al, 2022).
2. Data Uniformity Test

The data uniformity test was carried out to find out whether from the data taken there was no data
uniformity. This will be proven through ta limits that have been determined, if it exceeds the limit,
then the data is considered non-uniform. The following is the calculation of the data uniformity test

from the side join process.
_[Ea-®)? 126
T N-1 T2

BKA= x+k.c = 159+2.7,94 = 174,875
BKB= ¥—k.o = 159-2.7,94 = 143,125
Based on thggalculation, the data is declared uniform.
3.1.2 Calculating @cle Time, Normal Time and Standard Time.
1. Calculating Cycle time
Cycle time Is time needed to make one product unit in a work station [10]. The following is a

calculation of the cycle time in the Join Side process

Y observation time 477
= =3 = 159 seconds

Y iteration

2. Calculating normal time
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Calculating normal time is done by considering the adjustment factor (factory rating). In measuring
the adjustment factor, 2 methods are used, namely the Westinghouse method and the objective method.
The following is the calculation of the adjustment factor.

Gestinghouse Method:

Skill : Good C1 =+0.06

Work : Excellent B2 =+ 008

Working condition : Good C =+002
Consistency : Good C =+ 001

Total =+0.17

Therefore :

P1 =1+017=1.17

Objective Method:

Members used : upper arm, forearm, etc. =5
Foot pedal : No pedal =0
Use of hands : Both hands help each other =0
Eye coordination : Constant and close =4
Equipment : Need control and suppression =2
Weight : B-1(0.45) =2
Total =13
P2 =1+ (13/100)=1.13

Then the rating factor value of the Join Side operation is
P=PlxP2=1.32
Thus, the normal time of the Join Side operation is

Wn=WsxP =159 x 1,32 = 209,88 seconds

3. Calculating standard time
Standard time is calculated by cam‘;idering the existing allowances. The allowance given by the
company in each operation is 10%. The following is a calculation of the standard time for side join
operations.
100 % 100 %

Wb=w = 209,88 x —————— = 233,2 second
nx 100 % — Allowance x 100 % — 10 % seconas

3.1.3 Calculating Initial Condition Efficiency
Based on observations in the assembly process for making Jacket Style X, obtained data before

balancing the track using the Regional Approach method. The following is a calculation of the efficiency
at the initial conditions at each work station.
a. Efficiency calculation at work station 4 IT = 8369,42 seconds

c. Balance Delay time at work station 4

Eff = x 100 %
Ws max nWs— YWi
Eff = 1009 .
/1= 3133 ¥100%
= 37,699
" 8D — (45 x 312,3) — 5.684,08 100%

b. Idle time at work station 4 - 45 x 3123 * °

IT = nxWs— YWi BD = 59,55 %

IT = 45x312,3 — 5.684,08 d. Line efficiency

IT = 14.053,5— 5.684,08
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o zwi . - 2
Efflme—n.wsxloo,ﬁ Sl = Z(WS—WI)

5.684,08
ing = ' 51 = /8.369,42
Eff line = 15x3123 x 100 %
= 91,48
Eff line = 40,44%
€. Smothness Index
3.1.4 Comparing cycle time with takt time
From the cycle time data that has been ) )
calculated based on observations on the jacket Comparison of cycle time to takt
product assembly process on line 2, a comparison time

will be made against the takt time. Comparison of 500
cycle time with takt time can be seen in Figure 1.

135 7 9111315171921232527293133353739414345

m Cycle Time —es—=Takt Time

Figure 1. Comparison graph of cycle time and take time
3.1.5 Calculating Line Balancing with Regional Approach Method
1. Territory Division and Calculating optimal cycle time
The following na regional division and optimsl cycle time for the entire jacket style X assembly
process which can be seen in Table 2.
Table 2. Optimal cycle time

Toeal Ws " Total Wy M
. ) Efficiency . Fificiency
Region Operation Name o) g gy Work Staton Regin Operation Name (nd  ophuin ety ok Sudon
{second) o {vecond) J
T n XV Put cet the bood 127 17 n ai
! Side join 1% 1 09 AVT e the shouldens s 19,67 fIrs] "
P Tindes poins side 128 125 a0 Hemsing ficmg @
m Shost jois ide 1743 3 358 KNI Shouider it 6567 109 3123 35
v Top pocket 17 1.7 3760 Orverhead facing 40,33
Hissing top pocket P AVIE  Shot the shoulder 1083 1083 3 347
N - . NIX  Koess & atach ngper 3067 30,7 13 92
Join interlinig + inner flap pocket 9.3 7558 RS L] xx Kress & install facing 1247 1247 23 19
Make fap finih 1003 o ;.ms placket 1247 1247 13 398
. . - - - o evwing belp plagors 033 033 13 161
Vi atal ozl waaet s 7393 me3 a3 7 MR Tetimgasmingiied pyst o f s
I Cup out top pocke: 5 105 & bt Hemeng farsag hiood 152 152 13 487
Blabar flap pocket inside 137 ANV Kepeas neck 60,62 50,62 3113 194
VI Koess & install top piciet 323 323 323 100 3GV Install sheeves (2) 1507 e 3113 e
Tisdes biabar inner fap pocket 73 XXV Puseslosek 1087 108,7 323 348
. . 1993 3113 KXVIT  Grerlock asmbote (2) 1357 1357 323 435
b ]E".emm Bap P :f; 103 Rl “ 3o Tindes anmbale (2} 1887 13,7 3123 04
oda inberlinig + auier lap pockst or67 000 Install interlining + buttcn 2203 203 3123 70,5
¥ Truatll drser & coter flage nE 11 4 ooa Instail the tromon = vecnt 91,57 91,67 3123 94
Kepeas lap finish 81 . KOO Koess & put the bumce. 120 120 13 184
i Tindes flap freisk 1463 1463 a7 JOUL  Tiades odge butt, a3 = 123 w8
! N . hog o 3 : t 27 52,7 312
)’c;uu mmﬂ" rt‘:_L ‘:’:_ ;;':_ _u 0OO0C Heming botiom 043 043 3123 854
[ pocket 36, X HRHVT Install the placard 1207 1287 M3 41,5
XV Trdes matall flap pocket 18 i 38 MENVT Teades put up plagees 1233 183 3123 385
a. Efficiency calculation at work IT = 11.555,1-5.684,08

. IT = 58712 d.
station 4 seconds

Wi c. Balance delay time at work station 4
Eff= ——— x100%

Ws max 8D = nWs— yWi 100 0
. U7 e = Taws  X100%
= ——x
r 312,3 BD = (37x312,3) — 5.684,08 100%
= 37,69% = 37 x3123 *
b. Idle time at work station 4 BD = 50,8 %
IT = nxWs— SWi d. Line efficiency
IT = 37x3123 — 5.684,08 ; xwi
’ ’ Eff line = x 100 %
1 n.Ws ?
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EFF L 5.68408 . o .
ff line = mx 0 SI = ’Z(WS—WL)

Eff line = 49,19% SI = ,/5.866,7
e. Smothness Index = 76,59

2 Summary of work efficiency
Th mary of work efficiency during the initial conditions and after using the Regional Approach
method can be seen in Table 3
Table 3 Summary of work efficiency

Methods Ws Numher_ol' ';ﬂ:fe Balance EI'II';;ineflcv Smoothness
(second) Workstations Delay M Index
(second) (%)
Initial 3123 45 8.36942 59,55 4044 9148
Conditional
Regional 3123 37 58712 50,8 4919 76,59
Approach

Based on the work efficiency summary, the path improvement using the Regional Approach method
has a higher path efficiency than the iaial condition, which is 49.19% with a total of 37 work stations. So that
the optimal precedence path diagram can be seen in Figure 2.

[ 124 Y urr 27896 FETEY s

Figure 2. Precedence diagram optimal

4. CONCLUSION

Based on the research and data processing carried out, it can be concluded that the optimal number of work
stations after using the regional approach is 37 compared to the initial conditions of 45 work stations. The idle
time obtained after repairis 5,871.2 seconds, indicating a decrease from the previous condition. The percentage
of the balance delay after the repair has decreased by 50.8% from the previous 59.55%. The efficiency of the
improved track has increased from 40.44% to 49.19%. The decline in t moothness index after the
improvement was 76.59 from 91 .48. The advice that can be given by the author based on the results of research
that has been done is that line balancing in a production process is needed to minimize the occurrence of idle
time, so that optimal production targets can be achieved. The operator's ability affects the production target so
there must be an increase in the performance of the skills of each operator. The existence of training and
training time in accordance with the time that is considered capable of making performance capabilities as
desired by the companyggnd will not hamper the production process. Strict supervision of the ongoing
production process must be carried out in order to increase the work efficiency of each operator.
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