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Abstract

Load maneuvering on the power distribution network can have a significant impact on voltage drops along the feeder,
especially in distribution substations such as PT. PLN (Persero) Idi Substation. The analysis was carried out to examine
the effect of load maneuver on voltage drops in several feeders at the substation. The data used included a single line
diagram, daily load patterns, feeder cable lengths and the number of feeders analyzed. Using ETAP simulation software,
this study evaluates the percentage drop in voltage during load manoeuvre operations to determine its conformity to
operational standards. This analysis identifies critical feeders where voltage drops exceed the allowable threshold, and
provides solutions to mitigate these problems, thus ensuring stable power supply and minimizing the risk of low
voltage during the load transfer process. This study analyzes the voltage drop in the electricity distribution network at
PT. PLN (Persero) Idi Substation using two methods, namely manual calculation and ETAP simulation. The results of
the analysis show that the value of the voltage drop percentage from the manual calculation is 1.85%, while the results
of the ETAP simulation show a value of 0.013%. This significant difference shows that the method that the simulation
method is more accurate in modeling the conditions of the distribution network. As an effort to mitigate voltage drops
in the electricity distribution network at PT. PLN (Persero) Idi Substation, an increase in transformer capacity was
carried out. The capacity of power transformer 1 is increased from 20 MVA to 25 MVA and power transformer 2 from
30 MVA to 40 MVA. In addition, the size of the cable cross-section was also increased from 240 mm to 300 mm. These
results can be used as a reference in network performance evaluation and decision-making for load maneuvering to
ensure a more efficient and reliable distribution of electricity.

Keywords: Load maneuver, voltage drop, ETAP simulation, mitigation efforts.

Introduction

Electrical energy is one of the most important things in human life. Electrical energy is needed in several sectors,
namely the household, industry, business, social, government office buildings, and public street lighting. Electrical energy,
which has become a consumer need and is one of the axes of economic drivers, has also become a necessity for the industry,
so there is a need for reliable services in the process of distributing electrical energy to improve the standard of living of
Indonesian consumers. Electric power systems around the world have evolved as isolated systems. They are built to
distribute electrical power from centralized power stations to a wide area distributed load. The provision of stable electrical
energy is an absolute requirement that must be met in meeting the needs of electrical energy [2].

To minimize power outages, it is necessary to carry out regular maintenance to ensure that the equipment is working
properly. When routine maintenance is carried out, electricity must also be distributed to consumers. Maintenance with
mains voltage can be dangerous if it is carried out not in accordance with the standard of work operations. One of the
routine maintenance of the power transformer bay can be done and the consumer remains connected by manipulating the
load of the power transformer [3].

The Idi Aceh Timur substation is a substation with a voltage of 150 kV located in East Aceh Regency, Aceh Province.
This substation serves the needs of electric power in the East Aceh region and its surroundings. The reliability of the East
Aceh Idi Substation is very important to maintain a smooth electricity supply in the region. Therefore, it is important to
perform a voltage drop analysis when manoeuvring the load of the power transformer in this substation to determine its
impact on the reliability of the substation and take the necessary steps to minimize such impact. The reliability of the
electrical system at the idi substation is very important to ensure a stable and quality electricity supply for customers. One
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of the factors that can affect the reliability of the electrical system is the occurrence of voltage drops when manoeuvring
the load of the power transformer. Load maneuvering can include adding, subtracting, or moving loads from one part of
the network to another, affecting the flow of power in the system. These changes cause different current distributions
through the conductors, resulting in voltage changes at specific points in the grid [4].

Voltage drop (voltage drop) refers to the decrease in electrical voltage that occurs when electricity flows through
certain components or segments in an electrical power distribution system, such as cables, transformers, or loads. In the
context of load maneuvering, voltage drops occur due to changes in load distribution or switching operations carried out
in the power distribution network. Voltage drop due to load maneuvering is a voltage drop that occurs in the power grid
when there is a sudden change or shift in load. Load maneuvering can include adding, subtracting, or moving loads from
one part of the network to another, affecting the flow of power in the system[5].

Materials & Methods
In an electrical system, the phase angle between current and voltage determines the power factor, which affects the
efficiency of power delivery. A large phase angle indicates that there is a lot of reactive power that is not doing any real
work, so the system becomes less efficient.
Table 1. Phase Angle

No Parameter Symbol Value
1 Phase Angle 0 30°
2 Cosine Sudut Cos (30°) 0,866
3 Angular sinus Without (30°) 0,5
4 Angular Tangent Tan (30°) 0,577

Feeder or Feeder is a vital component in the electric power distribution system. It acts as a connecting bridge between
substations, which serve as the center for the transformation and distribution of high-voltage electrical energy, with
various load points such as factories, housing, office buildings, and other commercial centers. Simply put, the feeder
functions to distribute electrical energy from the main source to the places where it is needed. Through the feeder network,
electrical energy that was previously of high voltage is transmitted and lowered to a level suitable for use by various types
of electrical equipment[26]. At the idi substation there are 7 trays in operation, the following are the trays found in the idi
substation:

Tabel 2. The feeder guard was induke

It Name of Tray
Trafo Daya 1 Trafo Daya 2

1 Idi 1 (Polres) Idi 9 (Ranto
Peureulak)

2 Idi 2 (GH Kota Idi 10 (GH Kota Idi)

Binje)

3 Idi 6 (Alue Bu) Idi 11 (Ranto
Peureulak)

4 - Idi 12 (Company)

A.  Research Location
This research was conducted at PT. PLN (Persero) Iduk Idi Substation located in Paya Bili 1 village, Peudawa District,
East Aceh Regency postal code 24454.
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B.  Research Stages
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Figure 1. Research Flow Diagram

Results And Discussion

A. Results of manual calculations before and after the maneuver

In this calculation, the author focuses on calculating one of the feeders, namely the Idi 1 feeder (Polres) with a feeder
length of 12.26 km and calculates each phase of R, S, T. The purpose of the manual calculation before using ETAP is to
initially identify the feasibility of a feeder to receive maneuvers from other feeders. Feasibility is determined by looking at
whether the voltage drop percentage on the tray exceeds the specified tolerance, in this case the tolerance limit in
accordance with SPLN 72 of 1987 is a maximum of 5% - 10%.

Table 3. Manual Voltage Drop Percentage

Percentage of Voltage Percentage
No Feeder Name Voltage Before After the Maneuver
Maneuver (%) (%)
R S T R S T
1. Idi 1 (Polres) .8 1,7 L6 3,6 3.4 3,2
Idi 2 (GH Binje City) 6 18 17 3,1 3,6 3.4
Idi 6 (Alue Bu) 0,8 08 08 1,7 1,7 1,7
Idi 9 (GH Perlak) 6 1,6 1,6 3,2 3,2 3,2

Idi 10 (GH Kota Idi) 1,9 19 1,9 3,7 3,9 3,9
Idi 11 ( Ranto Perlak) 14 14 1,4 2,6 2,7 2,7
Idi 12 (Company) 0,1 0,2 0,1 0,3 0,4 0,4

A o

Voltage drops and power losses on the feeder during power transformer load maneuvers can be calculated using several
formulas, depending on the model used and the data available. Here are some commonly used formulas:

AV1 =3 x I1 x (Rtotal cos 8 x + Xtotal without 6)
AV2 =3 X 12 (Rtotal cos 0 + X total without 0)
Where:
I1 = Load current before maneuver
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12 = Load current after maneuver
Rt = Total reactance
X t= Total reactance
Phase Angle = 306°

In the substation or transformer, there is a tap changer that can automatically adjust the voltage. If the current increases,
the tap changer automatically raises the voltage to keep the voltage stable. That is, even if the current increases (which
usually causes a voltage drop) the tap changer adjusts the voltage at the source to compensate for the effect of the increased
current. The feeder is connected to a source with a higher capacity so that the voltage in the feeder rises even as the current

increases.

Table 4. Power Loss Before and After Manual Maneuver

No Feeder Name

1. Idi 1 (Polres)

2. 1di2 (GH Binje City)

3. 1di6 (Alue Bu)

4. Idi 9 (GH Perlak)

5. 1di10 (GH Kota Idi)

6. Idi 11 ( Ranto Perlak)

7. Idi 12 (Company)

Loss

of Power
Maneuver (Watts)

Before

Power Loss After Maneuver (Watts)

R
60.552

45.904

12.168

47.740

63.724

34.848

648

S
52.488

58.482

12.168

48.672

68.080

36.450

882

T
48.672

52.448

12.168

48.672

69.192

37.264

648

R
233.928

118.804

54.450

187.272

252.760

124.002

2.592

S
206.082

227.812

55.444

187.272

267.912

134.680

3.280

T
190.962

204.160

55.444

187.272

267.912

130.050

2.812

C.  ETAP Simulation Results

Ploss1 =3 x I1 2 x Rtotal
Ploss2 =3 x 12 2 x Rtotal
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One-Line Diagram - OLVI (Load Flow Analysis)
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Figure 2. ETAP Simulation Before Maneuvering

One-Line Diagram - OLV1 (Load Flow Analysis)
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Figure 3. ETAP Results After Maneuver
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Figure 4. Comparison of Manual and ETAP Voltage Drop

Based on the table and graph above, it shows a significant difference between the results of the percentage of voltage
drop calculation using the manual method and the ETAP simulation for the feeder "Idi 1 (Polres)." The results of the
manual calculation showed a voltage drop of 3.65%, while the ETAP simulation showed a much smaller voltage drop,
which was 0.013%. This striking difference emphasizes the advantages of using ETAP in the analysis of electricity
distribution systems. This huge percentage difference can be explained by several factors. Manual methods often rely on
assumptions that may be less accurate, and do not consider all variables and operational conditions in detail.

In contrast, ETAP is a simulation tool designed to better handle the complexities of electrical distribution systems,
taking into account various factors such as cable impedance, dynamic loads, and system configurations in more detail.
ETAP is also able to run simulations under various operational conditions and provide more in-depth and accurate
analysis. Therefore, the results of the ETAP simulations tend to be more precise, reflecting the real conditions of the
electricity distribution system better than manual calculations.

D.  Mitigation Efforts

From the results of the calculation and analysis, it can be seen that the drop voltage on the feeder studied is still below
the tolerance limit after load maneuvers in manual calculations and ETAP simulations, this indicates that the current
electricity distribution system is still in a stable condition and operates in a safe and acceptable range. However, it is
important to remember that system conditions can change over time, especially in the event of additional loads, changes
in network configurations, or other external factors that affect system operations. Therefore, even though the current drop
voltage is still within the permissible limits, long-term actions and strategies are needed to ensure the ETAP system
operates safely and efficiently in the future.

Although the results in this study are still below the tolerance limit, it is necessary to anticipate if in the future there
will be a more significant drop voltage due to increased load, system configuration changes, or unexpected operating
conditions.

One-Line Diagram - OLV1 (Load Flow Analysis)
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Figure 5. Voltage Drop Before Mitigation Efforts
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One-Line Diagram - OLV1 (Load Flow Analysis)
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Figure 6. Voltage Drop After Mitigation Efforts

Conclusion

1.

2.

The conclusion from the results of the analysis and discussion, the voltage drop percentage value with manual
calculation produced a value of 1.85%, while the ETAP simulation produced a value of 0.013%.

Mitigation efforts are carried out by increasing the capacity of power transformer 1 from 20 MVA to 25 MVA,
power transformer 2 which was originally worth 30 MVA to 40 MVA. In addition, mitigation efforts are also
carried out by increasing the size of the cable cross-section which was initially 240 mm to 300 mm.

The results of the manual calculations show a higher voltage drop compared to the ETAP simulation. These
differences indicate that manual calculation methods often simplify or ignore some important variables that affect
system performance, such as cable impedance, uneven load distribution, or dynamic changes in the power grid.
In contrast, ETAP simulations are able to consider a variety of factors in more detail and realistically, including
component characteristics, network configurations, and actual operating conditions. Therefore, the results of
manual calculations tend to be less accurate when applied to distribution systems.

The results of manual and simulation calculations show significant differences, where the results of ETAP
simulations show a much smaller voltage drop value compared to manual calculations. This difference shows
that ETAP simulations are able to provide more accurate results by taking into account various variables that
may not be taken into account in manual calculations. Thus, the use of ETAP in the analysis of electrical
distribution systems is highly recommended to obtain more precise and accurate results, especially in complex
operating conditions such as load maneuvering,.

The more accurate the data in the field input into ETAP, the smaller the error rate or the more accurate the ETAP
simulation value is.

The results of the calculation of the manual percentage or ETAP simulation did not exceed the tolerance limit,
which is 5% - 10%.
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