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Abstract

PT. Batik Delapan Satu is a manufacturing company specializing in the garment field. There is a
bottleneck line at the production that can cause production to be hampered. This bottleneck line
occurs at the trimming workstation, so imbalanced work flow. Then, we use Line balancing with the
Ranked Positional Weight method and the Region Approach method to solve this bottleneck line
problem. Using the Ranked Positional Weight method and the Region Approach method will produce
line efficiency, balance delay, idle time, and smoothness index. Using the Ranked Positional Weight
method and the Region Approach method will increase efficiency line from the condition of the
company start 52.02% up to 73.82%. Besides that, it can reduce five-station work, which was seven-
station work before, and reduce the level of idle time in the company, they used to take 1057.83
seconds, but now they only take 427.92 seconds.
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Line Balancing (LB) is very important for companies in the mass production type, according to (Yulianti,
2018) with the creation of trajectory balance, an optimal production capacity and high level of work
efficiency will be achieved. Imbalance and inefficiency in the line can cause the operation process to be
hampered so that there is a queue of semi-finished goods (bottleneck).

INTRODUCTION

PT. Batik Delapan Satu faces a problem regarding the inbalance of the production line of one operation
process with one another and resulting in a bottleneck. Imbalance and inefficiency in the line can cause
the operation process to be hampered so that there is a queue of semi-finished goods (bottleneck) (Juwita,
2004).

Figure 1 shows the production process at PT. Batik Eight One. This company has 7 stages of the production
process, starting from cutting, numbering, sewing, trimming, ironing, quality control, and ending with
packaging. In the entire production process, the trimming stage only has one work element with a level of
work that takes a very long time. This process is what causes the bottle neck (product buildup). This
causes delays in the process at a later stage, especially at the packaging station as the last production
station.

The bottleneck problem that occurs in this company causes an imbalance in the production line. According
to (Trenggonowati & Febriana, 2019), this bottleneck problem is overcome by using the Line Balancing
(LB) approach, so that work efficiency can be achieved properly. Meanwhile, according to Fudianto &
Munir (2017), Line Balancing itself aims to reduce production queues and minimize waiting time in the
production flow. Therefore, the LB approach can be used to overcome bottlenecks
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Figure 1. Production Process Flow of PT. Batik Delapan Satu

In this study, the LB approach can be carried out by applying the Ranked Positional Weight method and
the Region Approach method. According to (Ekoanindiyo & Helmy, 2017) the Ranked Positional Weight
method can solve production line imbalance problems and find solutions quickly. Meanwhile, according
to (Basuki, MZ, Aprilyanti, & Junaidi, 2019) the design of the production line with the Region Approach
method can minimize the slack time that workers have to carry out activities.

The problem occurred PT. Batik Delapan Satu is the accumulation of goods after they are finished at one
work station, resulting in a bottleneck on the production line. Thus, this research was conducted to
increase the efficiency of the production line in the workstation at PT. Batik Delapan Satu, minimizing
bottlenecks at PT. Batik Delapan Satu by reducing the number of workstations using the Ranked Positional
Weight method and the Region Approach method and reducing the idle time in the PT. Batik Delapan Satu.
There are two limitations when working on this research: the measurement of production time only on
the dominant type of clothing produced by PT. Batik Delapan Satu and the data used in the study are based
on measurements made on each work element in the workstation.

LITERATURE REVIEW

Line balancing

Assembly line balancing or line balancing is the problem to determine the various task to the workstations
by optimizing one or more objectives without involving any risk into the Line (Mengistu, 2019). The
objective in the line balancing is to minimize the imbalance load between the machine and the worker by
regulating the maximum output by using the minimum number of workstations (Plenert, 1997).

Line balancing has been a trending field of research in production system over the past decades due to its
relevancies to the different industries such as garment, footwear, and electronics company (Chen et al.,
2012). Commonly, the Line Balancing (LB) technique is used by many companies to improve the
productivity in the Line by decreasing the number of labor, reducing the ideal time, and producing two
products at the same time to optimize the consuming time (Firake & Inamdar, 2014).
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There are some criteria that must be considered before applying line balancing approach. These are
described as follow:

1) Time Study

The data that has been obtained from the company will be processed using the Time Study method, the
first step taken in this method is to test the uniformity of the data that has been taken, after testing the
data uniformity test and the data is uniform. Then the data will be continued with the data adequacy test,
determining the normal time and time by setting the adjustment factor and allowance factor for each work
station.

a) Data uniformity test

Data uniformity test is used to minimize the existing variance by removing extreme data, here is the
formula for testing uniformity.

g = L
Xx=20 ()

Information:

X = Average operating time

xi = Total operating time

N = Number of measurements taken

To decide the normal distribution of data, Kolmogotov Smirnov test was utilized. If the value of the data
significance is bigger than the error level (5%), then data is normal (Wignjosoebroto, 2008). To conduct
the normal test, Upper Control Limit (UCL) and Lower Control Limit (LCL) test is determined by using the
below formula (Apriyono & Taman, 2013):

Information:

o = Standard deviation

xi = Data operation time to i

UCL=%+ (kxo) (2)
LCL=%-(kxo) (3)

Where: The value of k = 1 if the confidence level is 68%, the value of k = 2 if the 95% confidence level
and the value of k = 3 if the 99% confidence level.

b) Data adequacy test
After the UCL and LCL are already defined, researchers need to test adequacy observation data. This data
trial was carried out to find out the data that had been taken was sufficient. The data that has been taken
is known enough when N’ < N is not necessary to retrieve the data again, and if N’ > N then the data is not
sufficient (Wignjosoebroto, 2008). Here is the formula for performing the uniformity test:

X N Exi?=(zxi)?

Zxi

N' = (4)
Information:

N' = Number of measurements required
N = Number of measurements taken

k = Confidence level
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In the measurement of work the collected data is time. The collected time data is used by stakeholders to
find out the cycle time in completing a certain task. To obtain the normal time, the following equation is
used.

Normal Time = X x (1 + P) (5)

X = Average operating time
P = adjustment factor

The adjustment factor is the actual performance of the operator to complete a job. The adjustment
factor is determined from the Westinghouse method.

After getting the normal time, then calculate the standard time with the formula:

100%

Standard Time = Normal Time x ——
100%—%Allowance

(6)
Information:
Allowance = allowance factor

By getting the standard time for each work element, the calculation of line balancing is continued, Line
Balancing an operator completes the task in assembling in a balanced way in the production line (Salim &
Hartanti, 2016). In balancing the trajectory, there are several common limiting factors, namely:
a. Precedence constraints.
The limiting balance of the path is a technological barrier, the technological barrier in question is based
on a predetermined work process or a process that can be carried out if it has completed a process
(Baroto, 2002).
b. The minimum number of workstations (M) is 1, and the maximum is the number of operations (N).

1 <M<N (7)

Line Balancing Method
In balancing the production line, there are methods that can be used, namely the Ranked Positioned Weight
method and the Region Approach method.

1) Ranked Positioned Weight (RPW) Method

The Ranked Positioned Weight (RPW) method can also be said to be the Helgeson-Birnie method. This
method was developed in 1961 by Helgeson and Birnie in General Electric. That value of the ranked
positional weight is determined in each operation. The procedures are implemented in order to assign
the operations into workstations (Eryuruk et al., 2008).

The steps for this method are determining the standard time and making a precedence diagram. Then,
determining the weight of the operations on the precedence diagram as the 2nd step by starting with the
last operation and calculating the weight of each operation. The grouping is done on the basis of the order
of priority (weight) of the RPW (from the largest) and also by taking into account the limitations in the
form of cycle time and the provisions of the order of operations in the precedence diagram.
The task strategy is proceeded until one of conditions underneath is obtained;
a) All the operations are already charged to the stations
b) There are no operations having uncharged time constraints

2) Region Approach Method
The Region Approach Method was created by Bedworth. This method divides the priority diagram into
several regions vertically, and in each area, there is no dependency between work operations. In principle,
the Regional Approach method seeks to preempt processes with enormous priority responsibilities
(Nasution & Prasetyawan, 2008).
The steps were taken after measuring time-based on time study (Elsayed & Boucher, 1994):
a) Draw precedence diagrams.
b) Redraw the precedence diagram by moving the operation as much as possible to the far right.
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c) For each precedence area, set the order of priority operations based on the operating time from
the largest to the smallest.

d) Grouping operations into work stations based on the largest cycle time of work operations, this
grouping must not exceed the predetermined cycle time.

Combination method
After sorting the work elements based on the Ranked Positioned Weight method and the Region Approach
method, each method performs a performance calculation that can be used to evaluate the track balance,
namely:
a) Idle Time
Idle time is to calculate the idle time that occurs in the workstation.

ldletime=n.Ws — Y* Wi (8)

Information:
Ws = Cycle Time
. Wi = total working operating time

b) Production line efficiency (EL)

By determining the efficiency value of the production line, you will know the workstation has worked
well or not, the higher the line efficiency value, the more efficient the track will be. Then the line
efficiency formula is:

=2 100% 9)

Information:

Y STi = total work station time

K = total number of workstations
CT = cycle time / longest cycle time

c) Balanced delay (BD)
The idle time balance value is the ratio of the total idle time related to the cycle time and the number
of workstations. Then the formula for the balanced delay is:

BD = % .100% (10)
Information:

n = number of workstations
CT = cycle time / longest cycle time
Y. ti = total work station operating time

d) Smoothness Index
Smoothness Index/smoothing index is an index that shows the relative smoothness of the production
line balancing, the following is the calculation of the smoothness index:

(SD = VX (STimars — STi)? (11)
Information:

STi = largest operating time
Where: Ti = operating time of the i-th workstation
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RESEARCH METHODOLOGY

Field studies are needed in the ongoing research process in order to know firsthand the problems that
must be investigated in the company. Observations made were direct observations from the first station
to the last station, knowing the daily production scheduling target, knowing the data collection on the
production results of several work stations and interviewing workers on the production floor to be more
specific. After observing and interviewing the parties concerned, the problems experienced by the
company were found, so in compiling the thinking of the literature that worked to add insight and
knowledge to the problems that had been experienced previously, the problem solving was solved.
Interviews were conducted with the parties concerned in the company, one of the companies interviewed
was a sewing supervisor named Susi, a cutting supervisor named Rudi and a finishing supervisor named
Susan who had worked at PT. Delapan Satu. The questions interviewed were about activities on the
production floor regarding the ongoing production process. With these interviews, knowing the work
station from the production floor, the work station in the production process has several elements of work
carried out by an operator. After knowing the work elements of each work station, the data collection
carried out was to measure the work elements from the production floor of PT. Delapan Satu. This method
is carried out where the work elements are carried out following the ongoing production process.
Collecting and processing the data will relate to the review literature review studied, so in problem for
knowing productivity performance in time production could know worker in floor production work with
effective or no so that influence capacity from floor production in a month. The data collection and
processing will be related to the literature that has been studied, so that in time to determine the
productivity of performance in production it can be seen that the production floor works effectively or
does not affect the capacity of the production floor in a month

Survey and - Problem «| Literature
. » . e . » .
observation identification review

Data processing
-Data adequacy test
-Data uniformity test

-Adjustment factor test
Analysis and | - Calculation of normal time and | .
. < . < Data collection
evaluation standard time
-Calculation of Ranked

Positioned Weight
-Calculation of Region
Approach

Figure 2. Framework of Study

FINDING AND DISCUSSION

PT. Batik Delapan Satu has a production process to produce finished garments. In the production process
that takes place each work station has elements of work carried out to produce output, PT. Batik Eight
Satu still uses human labor, resulting in different cycle times for each element. It can be seen from table 1,
the remaining thread cutting element experienced a bottleneck which affected the production line.

Table 1.
Average Operating Time on Work Element
Average
Workstation No Work Element Operation Time
(Second)
1 1 Cutting raw material 41,6
Grouping of clothing patterns 12,4
2 3 Provide numbering for each clothing pattern 14,4
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4 Press 72,5
3 5 Sewing clothes pattern 38,1

6 Sewing the whole outfit 53,0
4 7 Cutting the remaining thread 225,0
5 8 Doing ironing 113,7
6 9 Check the quality of clothes 154,1
7 10 Packaging 44,5

By getting the cycle time of the work elements from each station, measurements are taken to test the cycle
time data. According to Rinawati, Puspitasari, & Muljadi (2012), uniformity tests and data adequacy tests
are carried out to find out the data is uniform and the amount of data observed is sufficient. By getting the
cycle time of the work elements from each station, measurements are taken to test the cycle time data.
The uniformity test is carried out and resulted in the figures below:

Work Element 1

Production Time
-1

Production Time

Work Element 2

Figure 3. Uniformity Test of Work Element 1 and Work Element 2
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S
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Figure 4. Uniformity Test of Work Element 3 and Work Element 4
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Figure 5. Uniformity Test of Work Element 5 and Work Element 6

Work Element 7

Work Element 8
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Figure 6. Uniformity Test of Work Element 7 and Work Element 8
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Figure 7. Uniformity Test of Work Element 9 and Work Element 10

The calculation of the data adequacy test for trimming work elements with a confidence level of 95%,
if N’ < N it is stated that the amount of data is sufficient, whereas if N' > N it is stated that the amount of
data is not sufficient (Barnes, 1980).

N = 40,/N Z;c:l:i—(zxi)z (12)

N = 40,/3052.269—(1.247)2

1247
N' =13,44
N =230
N’ < N, then the amount of data is sufficient.

Table 2.
Data Adequacy Test
Work Exi Z(Xi?) N' N Conclusion
Element
1 1247,00  52269,00 13,44 30 Sufficient
2 371,17 4669,13 26,79 30 Sufficient
3 431,17 6239,93 7,38 30 Sufficient
4 2167,00 157992,00 1,62 30 Sufficient
5 1144,00  44240,00 22,57 30 Sufficient
6 1590,00  85276,00 19,10 30 Sufficient
7 6749,00 1521391,00 3,26 30 Sufficient
8 3410,00 389192,00 6,56 30 Sufficient
9 4623,00 714629,00 5,00 30 Sufficient
10 1336,00 59686,00 5,10 30 Sufficient

After knowing that the data used is sufficient, measurements will be made using the time study method,
the first step is to determine the adjustment factor for each work element:
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Table 3.
Westinghouse Adjustment Factors
Adjustment Adjustment
No. Work Element i Total
SKills Effort Working Consistency Factor
Condition
1 Cutting raw B2 008 B2 01 C 002 B 003 021 1,21
material
2 Grouping of B2 008 B2 01 C 002 A 004 022 1,22
clothing patterns
Provide
g umberingfor —p, 00 By 01 ¢ 002 A 004 0,22 1,22
each clothing
pattern
4 Press C1 0,06 B2 01 D 0 B 0,03 0,17 1,17
5  Sewingdlothes  p, 408 B2 01 D 0 B 003 019 1,19
pattern
¢ Sewingthewhole p) e 1 01 ¢ 002 B 003 018 1,18
outfit
7 Cutting the ci 006 Cl 01 D 0 C 00l 012 1,12
remaining thread
8 Doing ironing B2 0,08 C1 01 C 0,02 C 0,01 0,16 1,16
g Checkthequality —p, 68 1 01 ¢ 002 B 003 018 1,18
of clothes
10 Packaging B2 0,08 Cc2 0 C 0,02 B 0,03 0,15 1,15
Table 4.
Normal Time of PT. Batik Delapan Satu
OA‘:i'l;ig:n Adjustment Rl
Workstation No Work Element p . ) Time
Time Factor (Second)
(Second)
1 Cutting raw material 41,6 1,21 50,30
2 Grouping of clothing patterns 12,4 1,22 15,09
9 3 Provide nu.mberlng for each 14,4 122 17,55
clothing pattern
4 Press 72,5 1,17 84,86
3 5 Sewing clothes pattern 38,1 1,19 45,38
6 Sewing the whole outfit 53,0 1,18 62,54
4 7 Cutting the remaining thread 225,0 1,12 251,96
5 8 Doing ironing 113,7 1,16 131,85
6 9 Check the quality of clothes 154,1 1,18 181,84
7 10 Packaging 445 1,15 51,21
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Table 5.
Standard Time of PT. Batik Delapan Satu

Normal Allowance Standard
No Work Element Time (%) Time
(Second) (Second)
1 Cutting raw material 50,30 21,00 63,67
2 Grouping of clothing patterns 15,09 21,00 19,11
3 Provide numbering for each clothing 17,55 28,50 24,55
pattern
4 Press 84,86 18,00 103,49
5 Sewing clothes pattern 45,38 21,00 57,44
6 Sewing the whole outfit 62,54 20,00 78,18
7 Cutting the remaining thread 251,96 20,00 314,95
8 Doing ironing 131,85 26,00 178,18
9 Check the quality of clothes 181,84 25,00 242,45
10 Packaging 51,21 21,00 64,83

After getting the standard time for each work element, then do a line balancing calculation in order to
balance the production line at PT. Batik Delapan Satu, here is the precedence diagram of PT. Batik Delapan
Satu.

314,95 178,18 242,45 64,83

Figure 8. Precedence Diagram of PT. Batik Delapan Satu

After knowing the precedence diagram from PT. Batik Delapan Satu, then carried out the design of the
assembly line using the RPW method. In the RPW method, the first step that must be done is to sort the
operations based on the weight of each existing operation.

Table 6.
Elements of Work by RPW Method
Work Element Previous
No RPW Minimum Ratio
Element
(Second)
1 1146,84 63,67 -
2 1083,18 19,11 1
3 1064,07 24,55 2
4 982,08 103,49 3
5 936,03 57,44 3
6 878,59 78,18 4,5
7 800,41 314,95 6
8 485,46 178,18 7
9 307,28 242,45 8
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10 64,83 64,83 9
Table 7.
Work Elements in Workstations According to the RPW Method
s Total
. Work E.lefnent Cumulative Workstation I.dle Wor.k §tatlon
Workstation Minimum . . Time Efficiency
Element . time Time
Ratio (second) (Second) (Second)
(Second)
1 63,67 1146,84
2 19,11 1083,18
1 3 24,55 1064,07 268,26 46,70 85,17
4 103,49 982,08
5 57,44 936,03
2 6 78,18 878,59 78,18 236,78 24,82
3 7 314,95 800,41 314,95 0,00 100,00
4 8 178,18 485,46 178,18 136,77 56,57
9 242,45 307,28
5 307,28 7,68 97,56
10 64,83 64,83

The calculation for RPW method:
1. Idle Time=n.Ws — Y-, Wi = 5.(314,95) — 1146,84 = 7,345

_ nCT-Yti o _ 5:(314,95)-1146,84) o — 0
2. Balance Delay = YR 100% = T eees) 100% = 27,17%
. . _ ST 114684 _
3. Line Efficiency = - 100% = G145 100% = 73,83%
4

. Smoothness Index = /¥ (STipars — STi)? = 277,51

In the Region Approach method, the step that must be done is to recreate the precedence diagram by
shifting to the right all existing operations. The leftmost operation is the predecessor operation and the
far-right process has no followers. The following is a precedence diagram using the Region Approach
method.

57,44

63,67 19,11 24,55 /@\ 78,18 314,95 178,18 242,45 64,83
\ —>
103,49

| ] 1] v A Vi Vil vill IX
Figure 9. Precedence Diagram for Region Approach Method
After the precedence diagram is made and the area is clearly visible, then the process of sorting

operations is carried out. The following is a recapitulation of operations and regions using the Region
Approach method.
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Table 8.
Work Elements by Region Approach Method
Work “."’.rk Elemen.t Previous
Column Minimum Ratio
Element Element
(Second)
1 I 63,67 -
2 11 19,11 1
3 111 24,55 2
4 IB 103,49 3
5 1A% 57,44 3
6 \% 78,18 4,5
7 VI 314,95 6
8 VII 178,18 7
9 VIII 242,45 8
10 IX 64,83 9

The following is a recapitulation of workstations using the Region Approach method.

Table 9.
Work Elements in Work Stations by Region Approach Method
Work Total
Work E.lefnent Workstation I.dle Wor.k §tat10n
. Minimum . Time Efficiency
Workstation Element . Time
Ratio (second) (Second) (Second)
(Second)
1 63,67
2 19,11
1 3 24,55 268,26 46,70 85,17
4 103,49
5 57,44
2 6 78,18 78,18 236,78 24,82
3 7 314,95 314,95 0,00 100,00
4 8 178,18 178,18 136,77 56,57
9 242,45
5 307,28 7,68 97,56
10 64,83

Calculations for the Region Approach method:
1. Idletime=n.Ws — Y-, Wi = 5.(314,95) — 1146,84 = 7,345

_nCT-Yti o _ 5:(314,95)-1146,84) o 0
2. Balance Delay = YR 100% = T e 100% = 27,17%
. .- _ 3STi oy _ 114684 o _ 0
3. Line Efficiency = o 100% = 561495 " 100% = 73,83%
4.

Smoothness Index = /Y. (STipars — STi)? = 277,51

Calculations for the initial conditions of the company:
1. Idletime=n.Ws — Y-, Wi =7.(314,95) — 1146,84 = 1057,83

_ nCT-Yti o _ 7-(314,95)-1146,84) o 0
2. Balance Delay = YR 100% = ey 100% = 47,98%
. .- _ YSTi 114684 _
3. Line Efficiency = o 100% = GLe05)" 100% = 57,02%
4.

Smoothness Index = /Y. (STipars — STi)? = 468,68
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Table 10.
Recapitulation of Ranked Position Weight and Region Approach Methods
No Criteria C?rlggi:?y RPW RA
Condition Method Method

1 Number of Workstations 7 5 5
2 Balance Delay 47,98 27,17 27,17
3 Production Line Efficiency 52,02 73,83 73,83
4 Smoothness Index 468,68 277,51 277,51
5 Idle Time 1057,83 427,92 427,92

1. CONCLUSION AND FURTHER RESEARCH

Based on the data analysis, to get the efficiency of the production line at the initial conditions of PT.
Batik Delapan Satu, which is 52.02%, after the proposed work station using the Ranked Positional Weight
method and the Region Approach method, the efficiency of the production line becomes 73.82%. With the
Ranked Positional Weight method and the Region Approach method, the production line effectively
minimizes bottlenecks, reducing workstations at PT. Batik Eight Satu became five workstations which
initially had seven workstations. With 5 working stations, the idle time of each station will be reduced,
namely the idle time in the company's initial conditions of 1057.83 seconds to 427.92 seconds.

Suggestions are given to the company, namely, to provide a comfortable place so that the measurement
process runs without obstacles. Each operator at each workstation must know what operations are
carried out at their respective stations. The equations used to process the data should be determined
correctly in advance to facilitate the data processing and produce accurate data to perform other
calculations
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