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Ranked Positional Weight were chosen in this study. The main bottleneck was found at the hole
(RPW) cutting stage, where tool limitations caused output differences between
Region Approach (RA) manual and machine processes. This imbalance resulted in idle time
Production which affected the overall production efficiency. The analysis results
Idle Time show that the application of RPW and RA methods is able to improve

trajectory efficiency by optimizing the number of work stations and
reducing idle time. The analysis results state that the company can
achieve a trajectory efficiency of 88.48% and reduce the balance delay
from -16.67% to 15,73% and a smoothness index of 611,25%.

Introduction

Currently, the industrial world is experiencing increasingly rapid development, therefore
companies are required to increase productivity in order to meet market demand. To face
intense competition, companies must also create high efficiency and productivity (Liu et al.,
2022; Leppénen et al., 2023; Tampi et al., 2022). Increasingly intense competition makes
productivity not only a necessity, but also the main demand (Styawan et al., 2021; Carlin &
Seabright, 2001). High production efficiency and productivity will be a positive value for
companies and consumers in order to increase competitiveness. Of the many things that can
affect efficiency and productivity, one of them is by paying attention to the balance of the
production trajectory. Trajectory balance or line balancing aims to minimize idle time at each
work station, so as to achieve high work efficiency at work stations (Fitri et al., 2022; Yilmaz,
2022; Prabowo, 2022).

PT XYZ, , manufactures ATCS (Area Traffic Control System). The box aspect is a box-
shaped bar as a place to put traffic light components, starting from modules, wiring, and LED
lights. In the production process, there is a trajectory bottleneck in the cutting hole section
because it is done using the help of human labor (manual) as a result of the limited size cutting
tools owned by the company (Naeem et al., 2022; Lunny, 2022; Ramalho et al., 2024). It can
be seen that the cutting hole process is divided into 2 working methods, namely manually and
automatically (using a machine). The difference in processing methods is caused by the lack
of cutting tools, because the company only has a cutting tool with a diameter of 30 cm.
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Therefore, cutting with a diameter of 20 cm is still done manually. Because of the different
ways of working, the output results in each size becoming unbalanced. This causes idle time
so that it affects the overall production process (Habib et al., 2023; Cheng et al., 2022; Soori
et al., 2023).

Based on this background, this research will discuss how to plan the work system at PT XYZ
to optimize line balancing at work stations based on cycle time. The line balancing methods
used are ranked positional weight and region approach. Ranked Position Weight is one of the
heuristic methods proposed by Helgeson and Birnie as an approach to solving problems on
line balancing and finding solutions quickly (Pulansari & Nugraha, 2023; Xu et al., 2023;
Celik & Arslankaya, 2023; Helal et al., 2024). Meanwhile, the Region Approach is a method
that uses a technique that uses a work operation time sequencing technique based on a regional
approach. This research aims to implement the balance of the aspect box production trajectory
at PT XYZ by comparing the two methods. Later, the highest effectiveness that can be
achieved on the trajectory balance using the ranked positional weight (RPW) method and the
region approach will be selected. This research is expected to provide a better production
trajectory than the current condition with a balanced workload and optimal use of existing
production facilities.

Time Study

Time measurement is the work of observing and recording working times (Rahayu & Juhara,
2020). There are two categories of time measurement techniques, namely directly and
indirectly. Direct measurements are taken at the place where the measurement is carried out
such as the stopwatch and work sampling method. While indirect measurements are taken
without having to be at the place of work (Pradana & Pulansari, 2021).

Line Balancing

Line balance is an important thing to do on a production line, because a balanced production
line will streamline the use of company resources and reduce idle time (Gunawan & Wirawati,
2023). The ultimate goal of line balancing is to minimize idle time at each workstation, so as
to achieve high work efficiency at workstations. Line balancing is the balancing of the
assignment of task elements from an assembly line to workstations to minimize the number
of workstations and minimize idle time at all stations (Pradesi et al., 2021; Alvarez-Miranda
etal., 2021; Rasib et al., 2025; Zamzam & Elakkad, 2021).

Ranked Positional Weight (Helgeson — Birnie)

The Helgelson-Birnie / Ranked Positional Weight method was developed by W.B.Helgeson
and D.P.Birnie. This method is better known as the Ranked Positional Weight system or RPW
system (Amalia et al., 2021). Ranked Positional Weight (RPW) is a heuristic method. This
method prioritizes the longest work element time. The work element will be prioritized first
to be placed in another workstation that represents a lower element time. This process is done
by giving a weight (rank). This weight is given to each work element with respect to the
precedence diagram (Dasanti et al., 2020).

Region Approach

The Region Approach method was introduced by Kilbridge and Webster. This method is one
of the line balancing methods and has been applied with success in solving a number of
trajectory balance problems that occur in the manufacturing industry (Ivan T, 2022).

Methods
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This research was conducted at PT Adi Joyo Kusumo which is located in Porong District,
Sidoarjo Regency, East Java. This research was conducted until the data was fulfilled. In this
study there are independent variables and dependent variables, the independent variables in
this study are production process time, number of work stations, number of work elements,
and number of operators. While the dependent variable in this study is trajectory efficiency.
Data collection techniques carried out in this field research by means of interviews and
observations. At the interview stage, it was carried out together with the head of production.
While the observation stage is carried out with documentation such as videos and photos.
Observations were made during the normal production process. This research uses
quantitative data analysis methods using the Ranked Positional Weight and Region Approach
methods where an effective and efficient trajectory balance can be obtained.

Results and Discussion

After collecting data, we obtained data on the aspect box production process with 11 work
stations and 14 work elements. Table 1 shows the sequence of the production process

Table 1. Production Process Sequence

No Work Station Work Element
1 Cutting Alumunium Cutting Plate
Marking Marking
Cutting
3 Cutting Cutting Hole
Bending

4 Process Welding Process Welding

5 Process Driling Process Driling

6 Process Sanding Process Sanding

7 QC QC

8 Cleaning Cleaning

9 Coloring Powder Coating

10 Oven Oven

11 Assembly Assembly

12 QC QC

Tabel 2. Time Measurement

Work Observation Time (Second)

Element 1 2 3 4 5 6 7 8 9 |10 | 11 |12 |13 | 14 | 15
1 62 | 62 | 66 | 65| 63 | 61 |61 |63 |63 |60]|5|64|59 |59 60
2 50 | 55 |53 | 55|53 51|50 |51 |51 (53 |52]|51 515051
3 11 (1011 (11 (1110|1110 10|10 |11 |11 ]| 10| 10

4 3 5 2 3 0 6 1 7 9 6 1 0 6 8
4 14113 |13 |13 |13 |13 |13 |13 |13 |13 |13 |13 | 13| 13| 13
0 1 5 6 7 2 6 4 2 3 7 4 2 0 4
11 | 10 10 | 10 | 10 | 10 | 11 10 | 10 10 | 10 | 10
> 0o |5 P75 ]e6lal1i [P 12" 0]a]s
6 28 | 29 | 28 | 28 | 28 | 28 | 28 | 28 | 28 | 28 | 28 | 29 | 29 | 28 | 29
2 3 4 3 2 1 0 4 3 4 5 2 5 9 4
7 1212 (12 (12 (12 (12 (12 |12 12 |11 |12 |12 | 12| 11 | 12
1 4 3 3 0 0 2 4 1 8 1 0 3 9 0
? 14|13 (15|14 | 15|13 |14 |14 |14 | 15|13 (13| 14 | 15| 14
6 4 1 6 1 9 1 3 5 0 8 9 3 2 0
9 70 | 67 | 70 | 68 | 69 | 71 | 65 | 68 | 67 | 69 | 70 | 68 | 68 | 71 | 68
10 60 | 63 | 61 | 63 | 65| 60 | 63 | 62 | 63 | 62 | 60 | 63 | 62 | 60 | 61
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Work Observation Time (Second)
Element 1 2 3 4 5 6 7 8 9 |10 | 11 |12 | 13 | 14 | 15
11 60 | 65 | 62 | 64 | 63 | 65| 65| 61 | 59| 61 | 60 | 58 | 58 | 62 | 61
1212 (12 12 12 12 (12 (12 (12 (12 |12 |12 | 12 | 12 | 12

12 00 | 00 | 00 | 00 | OO | OO | OO | OO | OO | OO0 | OO0 | 00 | 00 | 00 | 00
13 29 129 129 | 28 129 |28 (28 (29 (29|29 |29 |28 |29 |29 |29

0 5 3 9 0 8 9 3 03 8 9 2 2 6
14 85 | 82 | 95 | 8 | 81 | 84 | 85| 92|91 |8 |8 | 84 | 86 | 87 | 91

Uniformity Test Calculation

In Table 3. There are uniformity test results for all work elements on the aspect box production
trajectory. In the following table the data is uniform so we can proceed to the next step.

Tabel 3. Data Uniformity test Result

No Work Element Average Sta.n d‘a " | BKA BKB | Description
Deviation

1 Cutting Plate 61.80 2.21 66.22 57.38 Uniform
2 Marking 51.80 1.66 55.11 48.49 Uniform
3 Cutting 109.40 2.95 115.29 | 103.51 Uniform
4 Cutting Hole 134.20 2.68 139.56 | 128.84 Uniform
5 Bending 104.00 3.96 111.93 | 96.07 Uniform
6 Process Welding 286.07 5.09 296.25 | 275.88 Uniform
7 Process Driling 121.27 1.83 124.93 | 117.60 Uniform
8 Process Sanding 143.87 5.48 154.82 | 132.92 Uniform
9 QC 68.60 1.64 71.88 65.32 Uniform
10 Cleaning 61.87 1.51 64.88 58.86 Uniform
11 Powder Coating 61.60 241 66.43 56.77 Uniform
12 Oven 1200.00 0.00 1200.00 | 1200.00 | Uniform
13 Assembly 291.80 291 297.62 | 285.98 Uniform
14 QC 86.93 3.92 94.77 79.10 Uniform

Calculation of Sufficiency Test

For the data sufficiency test, an accuracy level of 5% and a confidence level of 95% are used,
so the data sufficiency test equation is the value of k =2 and the value of s = 0.05.

&k /s/nE (xi?) — (in)Z)r

N' =
2xi

- 2
V= 2/0,05,/210x(37795360) — (2138877504)]
N 927

N' = 141,777
N=210
Calculation of Cycle Time

The following is an example of calculating the results of cycle time on work element 1
obtained by:

_

W.
s1 N
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62 +62++60
15
9

=27 _ 61.80 second
15

Calculation of Normal Time

After obtaining data on the production time of each work element, the next step is to calculate
the normal time and standard production time. Previously, it was necessary to know the
performance rating. The following is a table of the level of adjustment for making box aspects.

Table 4. Rating Performance

Work Station Total Rating Performance
1 0.23
2 0.26
3 0.26
4 0.17
5 0.27
6 0.23
7 0.13
8 0.23
9 0.13
10 0.13
11 0.33
12 0.27

From the table, it can be calculated the normal time in the aluminum cutting process with the
following equation:

Wnhay = Wsx (1+ Rating Faktor)
=61.80 x (1+0.23)
=76,01 second

Calculation of Standard Time

Before calculating the standard, it must first be known that allowances are used in calculating
standard time so that workers can work properly because workers have the opportunity to do
things that must be done for personal needs, relieve fatigue, and things that cannot be avoided
so that the standard time obtained can be said to be data, complete work time and represent
the observed work system. The following is the allowance for each work element:

Tabel 5. Allowance

Work Station % Allowance
1 13
11.5
15
12.5
12.5
11.5
12.5
13
12.5
10.5
14

O |0 (I |||k W

— | —
— O
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12.5 \

Furthermore, the calculation of the standard time of the aluminum cutting process workstation

can be done using the following equation:

100%

Whakuy = Wn

100%

=76.01x 100%—-%13

= 87,37 second

ormal X 100% — %Allowance

Table 6. Recapitulation of Normal Time and Standard Time Calculations

Work Element Cycle Time Normal Time Standardized Time
1 61.80 76.01 87.37
2 51.80 65.27 73.75
3 109.40 137.84 162.17
4 134.20 169.09 198.93
5 104 131.04 154.16
6 286.07 377.61 431.55
7 121.27 143.09 163.54
8 143.87 168.32 190.20
9 68.60 87.12 99.57
10 61.87 76.10 87.47
11 61.60 69.61 88.70
12 1200 1,356 1515.08
13 291.80 388.09 451.27
14 86.93 110.41 126.18

Initial Condition Calculation

The following is the calculation of initial condition line balancing performance parameters
including workstation efficiency, line efficiency, idle time, balanced delay, and smoothness

index.

Work Station Efficiency

Wbi
Work Station Ef fici = —— x 1009
ork Station Ef ficiency Wh Max b %o
_76.10
~ 51508 © 100%
=4,87 %
Line Efficiency
Line Ef fici LA STE oo
ine iciency = ————=x 0
(K)(CT)
_3829,9449
 (12)(1515,08) x100%
=0,210%
Idle Time

Idle Time = nWb max — Whi

Idle Timeyy = 12 x 1515,08 — 87,37 = 18093,58
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The total idle time in the initial condition of the production trajectory is 214341,5751 seconds.
Balanced Delay

—)ti
Balanced Delay = (TltlZ): x 100%

x100% =-16,67%

_ 12x273,57-3829,94
(12 x 273,57)

Smoothness Index

Smoothness Index = \/Z(TSImax —TSI)?

=,/23423545,18
=4839,78%
Calculation of Ranked Positional Weight

Precedance Diagram of Initial Condition
Figure 1. Precedance Diagram

Operation Weight Priority Ranking Based on Position Weight
Table 7. Operation Weight Priority

. . Position
Work Operations Predecessor Operation Weight Rank

A B,C,D.E,F,G,H,LLJ,LK,L M,N 3829.94 1

B C,D,E.F,G,H,ILJ,K,L,M,N 3742.57 2

C D.E,F,G,H,ILJ,K,L,M,N 3315.72 4

D E,F,G,H,LLI.LK,L M,N 3352.48 3

E F,G,H,ILJ,LK,L,M,N 3307.72 5

F G,H,LJK,L M,N 3153.55 6

G H,ILJ,K,L,M,N 2722.01 7
H LJK,LM,N 2558.46 8

I JK,LLM,N 2368.27 9

J K,L,M,N 2268.70 10
K LM, N 2181.23 11
L M,N 2092.53 12
M N 577.44 13
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\ N \ - \ 126.18 14 |
Number of work Station
: bi 5596,
Number of work Station = —aor— = 3329686 _ 2,53 rounded up to 3
Wb Max  1515,08
Line Efficiency
Line Ef fici ZEaSTE oo
ine iciency = —————=Xx 0
(K)(CT)
35596,86
— 2207056 0
(3)(1515,08) x100%
=84,27%
Balanced Delay
nC — Y ti
Balanced Delay = ———— x 100%
(nti)
3 x 1515,08—35596,86
= 4 i 0
(3x151508) 100%
=15,73%
Smoothness Index
Smoothness Index = \/Z(TSImax — TSI)?
=+/373627,30
=611,25
Layout of Calculation Result of RPW Method
b ‘"':‘ S(:):::nlmu( {Cutting) Work Daslen 2
3 aretion it m:: fole) *  Opemtion A l(‘ul.lmg Plat)
. :.,:wluhuu El‘;rn:."u;gf * ()pfntmn b |,\{..‘1rxn:g)
L Opeon Poces ot o ot 1B
s Operation G (Proce: me) 4 Cl;;cratxt~n M “;‘”‘cmb“:‘ \
3
Work Statlon 3
¢ Operation L (Oven)
Figure 2. Layout of Calculation Result of RPW Method
Calculation of Metode Region Approach
Number of Work Station
: bi ,
Number of work Station = —aor— = 3329686 _ 2,53 rounded up to 3
Wb Max  1515,08
Line Efficiency
Line Ef fici L1 STE oo
ine iciency = ————=x 0
(K)(CT)
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_ 35596,86
(3)(1515,08)

=84,27%
Balanced Delay

x100%

nC — Y ti
Balanced Delay = W x 100%

3 x 1515,08 — 35596,86
= x 100%

(3 x1515,08)
=15,73%

Smoothness Index

Smoothness Index = \/Z(TSImax — TSI)?
=+/373627,30
=611,25

Layout of Calcualtion Result of RA Method

Work Station 1

Operation C (Cutting)
Operation D (Cutring Hole)
Operation E (Sending)

Work Statlon 2
*  Opemtion A {Cutting Plat)
Opration B (Marking)

.
L
.
-
A o Operation J (Cleaning)
e Operation F (Process Welding) 3 o R e
¢ Operation K (Peagecatan)
¢ Operation G (Proce: ng) 2 1D tion M (4 ombly)
peration M {Assombly
¢ Operation H (Process Sanding) Pe %
1 ¥ s Operation N (QC)
*  Opemation1{QC)

Work Station 3
¢ Operation L (Oven)

Figure 3. Layout of Calculation Result of RA Method

Table 8. Comparison Results Between Production Trajectory Performance Parameters

Potential Output Imt.l?l Metode RPW Metode RA
Conditions
Number of Work Stations 12 3 3
Line Efficiency 0,221% 84,26% 84,26%
Balance Delay -16,67% 15,73% 15,73%
Smoothness Index 4839,79 611,25 611,25

From table 8 above, it can be concluded that both methods, namely the Ranked Positional
Weight and Region Approach methods, can improve trajectory efficiency. Among the two
methods, the calculation results between the two methods have the same value, which is
divided into three work stations with a trajectory efficiency of 84.26%. This is a very positive
impact compared to the initial condition which has a trajectory efficiency of close to 0%. The
company can also reduce idle time during the production process. With the calculation of the
minimum number of work stations, 3 work stations were obtained which were previously 12
work stations. This can affect the value of smooth production so that it experiences a very
drastic decrease in value, from 4839.79 to 611.25. This can be shown through the smooth
index value because the smaller the value, the better the line performance. Therefore, the
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Ranked Positional Weight and Region Approach methods will be chosen because they can
improve the efficiency of the aspect box production line at PT XYZ.

Conclusion

It can be concluded that both methods, namely the Ranked Positional Weight and Region
Approach methods, can improve trajectory efficiency. Among the two methods, the
calculation results between the two methods have the same value, which is divided into three
work stations with a trajectory efficiency of 84.26%. This is a very positive impact compared
to the initial condition which has a trajectory efficiency of close to 0%. The company can also
reduce idle time during the production process. With the calculation of the minimum number
of work stations, 3 work stations were obtained which were previously 12 work stations. This
can affect the value of smooth production so that it experiences a very drastic decrease in
value, from 4839.79 to 611.25. This can be shown through the smooth index value because
the smaller the value, the better the line performance. Therefore, the Ranked Positional
Weight and Region Approach methods will be chosen because they can improve the
efficiency of the aspect box production line at PT XYZ.
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