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One issue with the power system is electrical power quality, which is
brought on by short circuit disruptions and growing nonlinear loads. Power
systems frequently have short circuits, resulting in voltage sags that can
harm delicate loads. Voltage sage and swell issues can be resolved using
unified power quality conditioner series shunts (UPQC-S), distribution static
compensators (DSTATCOM), and dynamic voltage restorers (DVR).
Custom power devices are very useful in overcoming problems with
electrical networks. In this research, due to 3-phase short circuit faults,
voltage sag and swell simulations were conducted using a load equal to 70%
of the total load and a fault location point of 75% of the feeder length, from
the results of research conducted with the case study PT. PLN (Persero)
UP3 Sibolga Feeder SB 02 shows that DVR performs better than
DSTATCOM and UPQC-S in handling voltage sag and voltage swell due to
3-phase short circuit disturbances. The DVR succeeded in providing the
largest voltage sag recovery in phase C, increasing the voltage from
0.2481 pu to 0.9776 pu. The DVR is also effective in overcoming voltage
swell on phase A, reducing it from 1.724 pu to 0.9969 pu.
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1. INTRODUCTION

Nowadays, electricity is a source of energy that people widely use to carry out daily activities. High

electricity demand must also be balanced with the availability of electricity for consumers through a reliable
and high-quality electricity distribution system [1]-[3]. The distribution system is a part of the electrical
system that distributes electric power from the substation to consumers. Even though power quality is an
important aspect to pay attention to when considering the many problems in the electric power system.

Power quality and voltage stability are the primary issues with electric power systems. Power
quality is a critical component of power distribution systems due to the extensive use of power electronics.
The growing use of non-linear electronic loads is the primary cause of power quality issues. Issues with the
electric power system's power quality include voltage sag, voltage swell, interruptions, current harmonics,
and voltage harmonics [4]-[6]. Power quality issues like voltage sag and swell frequently arise when
disturbances occur in distribution networks. An electrical system phenomenon known as voltage sag occurs
when the root-mean-square (RMS) value drops from 10% to 90% of the normal voltage briefly, ranging from
0.5 cycles to 1 minute. This is known as a voltage swell when the RMS voltage rises from 110% to 180%
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throughout 0.5 cycles to 1 minute. A short circuit in the electric power system or starting motor is one of the
reasons for voltage sag, whereas significant load variations result in voltage swell [7]-[9].

With advances in power electronics and control applications. Considering that the phenomenon of
voltage sag and voltage swell is a disturbance that can cause damage to electrical equipment and affect the
overall performance of electrical power quality, a sensitive load protection device is needed to improve
power quality. A special power device is installed on the distribution channel to maintain the stability of
electrical power when there is a disturbance to the source or load. Numerous power device types, including
distribution static compensators (DSTATCOM), static var compensator (SVC), dynamic voltage restorer
(DVR), and unified power quality conditioner (UPQC), are specially designed to improve power quality [10].
In order to address the issues of voltage sag and swell, this study compares the most efficient special power
devices in a 20 kV distribution system. These devices include the DVR, DSTATCOM, and unified power
quality conditioner (UPQC) [11]-[13].

Previous research regarding the comparing DVR, UPQC, and DSTATCOM to reduce voltage sag in
distribution systems [14]. It discusses problems and errors due to voltage sags in distribution systems using
the DSTATCOM, DVR, and UPQC installation methods as devices proven to maintain power quality in the
system. Then previous research on load voltage control employed a comparison between DVR and
DSTATCOM [15]. The research analyzes the comparison of DVR and DSTATCOM to address power
quality and suitability for distribution systems. It is necessary to record the direct-current (DC) storage device
rating on the DVR and DSTATCOM correctly for more accurate analysis results and better power quality.
Then, further previous research was conducted regarding voltage sags caused by 1-phase, phase-to-phase,
and 3-phase short circuits and the impact of installing a DVR. Based on the research results, the biggest
disturbance occurs when there is a 3-phase short circuit with a load condition of 70% and when the fault
location is 75% at PT. PLN (Persero) UP3 Sibolga Feeder SB 02. Then, previous research about DVR and
DSTATCOM were compared and simulated to mitigate voltage sag at distribution [16]. The research
discusses the problem of voltage sag interference and provides a comparative analysis of mitigation devices,
namely DVR and DSTATCOM, in overcoming voltage sag. The device has been proven to reduce
interference problems due to voltage sag. Furthermore, previous research discussed particle swarm
optimization and artificial neural networks for voltage sag mitigation in DVR quality improvement analysis
[17]. It discusses a case study at PT. PLN (Persero) UP3 Sibolga Feeder SB 02. The research developed a
control system for DVR, namely proportional integral-particle swarm optimization (PI-PSO) and artificial
neural network (ANN), which recovered disturbances caused by voltage sags that occurred from 0.3 pm to
0.9 pm.

In this research, a simulation and analysis were carried out to compare performance installations
with the unified power quality conditioner-series shunt (UPQC-S), DSTATCOM, and DVR techniques.
These techniques address voltage sag and swell issues brought on by three-phase short circuit faults. The
voltage sag and swell simulations are computed using fault locations at 75% of the line length and short
circuit disturbances at 70% of the total load. MATLAB-Simulink software was utilized to conduct the
simulation at PT. PLN (Persero) UP3 Sibolga Feeder SB 02, situated in the Sibolga main substation.

2. RESEARCH METHOD

This research was conducted on the 20 kV distribution network at the SB 02 Sibolga main
substation feeder at PLN (Persero) UP3 Sibolga, North Sumatra Province, Indonesia. Then, the variables
observed in this research are the voltage magnitude and waveform before installing the DVR [18]-[20],
DSTATCOM [21]-[23], and UPQC-S [24]-[26] and after installing the DVR, DSTATCOM, and UPQC-S.
The above variables are observed and compared for the reliability of each device against voltage sags and
voltage swells due to 3-phase short circuits.

The first stage in model design is modeling the electricity distribution system to see voltage sags
when a disturbance occurs. The modeled distribution system is carried out on the 20 kV SB 02 Feeder
network connected to the Sibolga main substation. Distribution system parameters on the SB 02 Feeder can
be seen in Table 1. After determining the simulation parameter values, a test model is formed, which is tested
using MATLAB-Simulink software. The distribution system model is shown in Figure 1.

The next stage is to incorporate DVR into the simulation after the electric power distribution
system has been modeled. Table 2 lists the settings used by the DVR. Modeling the DVR comes next,
following the design of the DVR parameters. To determine the impact of inserting a DVR in series
between the source and the load and causing a 3-phase short circuit, modeling was done using MATLAB-
Simulink. Figure 2 displays the circuit model for the DVR installation. Meanwhile, Figure 3 shows a
representation of the DVR circuit.
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Table 1. Before and after adjustment, the load voltage in PU and THD for every phase

Component Parameter

Grid voltage 150 kV
Power transformer 150 kV/20 kV, 60 MVA
Transmission length 33.12 kms

Discrete
5e-05s.
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Figure 1. The electric power distribution system model in initial condition

Table 2. Parameters of a DVR

Parameter Value
Injection transformer 70 kVA, 0.40/20 kV
Resistance 10
Inductance filter 5 uH
Capacitance filter 10 uF
DC source 2 %1800V

Discrete
5e-05s.

powergui
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Figure 2. Circuit model after installing the DVR
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Figure 3. DVR circuit
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Table 3 lists the parameters the DSTATCOM utilized. Modeling the DSTATCOM comes next,
following the design of the DSTATCOM parameters. To observe the impact of DSTATCOM installation
caused by a three-phase short circuit and a shunt installed between the source and the load, modeling was
done using MATLAB-Simulink. Figure 4 displays the circuit model for the DVR installation. In the
meantime, Figure 5 displays the modeled distribution static compensator circuit.

After modeling the electric power distribution system, the next step is to add the UPQC configuration
to the system model. The UPQC-S parameters used are in Table 4. After the UPQC-S parameters are designed,
the next step is to model the UPQC-S. Modeling was carried out using MATLAB-Simulink to see the effect of
installing UPQC-S due to a 3-phase short circuit and series and shunt installation between source and load. The
UPQC-S installation circuit model is shown in Figure 6.

Table 3. Distribution static compensator parameters

Parameter Value

DC source 2x1800V
Inductance filter 5 uH
Capacitance filter 10 pF

Injection transformer 70 kVA, 0.40/20 kV

Discrete
56-05 5.
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Figure 4. Circuit model after installing the distribution static compensator
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Figure 5. Distribution static compensator circuit
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Table 4. Parameters of UPQC-S

Component Parameter Value
DC link Reference voltage 700V
APF shunt Coupling inductor 10 uF
Ripple filter R =10Q
C = 10pF
APF series Ripple filter R =1 Q/phase

Injection transformer 30 kVA, 0.38/20 kV/phase
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Figure 6. Circuit model after installation of UPQC-S

3. RESULTS AND DISCUSSION
3.1. Calculation of the impedance of the Sibolga substation

Before carrying out a voltage recovery simulation on the system, it is necessary to calculate the
impedance to design the distribution system model that will be used and determine the magnitude of the fault
current and the location of the fault. The impedance calculations carried out are source impedance,
transformer reactance, feeder impedance, and network equivalent impedance. Source impedance calculations
were carried out using short circuit data on the primary bus side of the 150 kV Sibolga substation, namely
150 MVA.

3.1.1. Calculation of source impedance

The source impedance is from the peak load current flowing from the power centers to the
substation. Finding the short circuit current on the 150 kV secondary side with the source impedance value
used is the 150 kV secondary side source impedance value. The source impedance is calculated using short
circuit data on the 150 kV primary side bus of the Sibolga substation, which is 150 MVA.

K 2

Xs = ua M
150)2

5. _ 50
500

X, = 45 Ohm

Equation (2) to calculate the source impedance on the 20 kV secondary side.

kV(secondary side of the transformer)? (2)

Xs(ZO kV side) = Xs(150 KV side)

kV(primary side of the transformer)
(20)°

XS(ZO kV side) = (150) X 45

X520 kv sidey = 0.8 Ohm
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3.1.2. Calculation of transformer reactance
Source impedance calculations were carried out using short circuit data on the primary bus side of
the 150 kV Sibolga.

kV(secondary side of the transformer)?

X =
t(at 100%) MVA transformer (3)

(20)?
Xi(at 100%) = 60

Xt(at 100%) = 6.6 Ohm
Positive and negative sequence transformer reactance values.
X1 = X2
X = % as known X X;(100%)
Xy = 12.78 X 6.66
Xy = 0.842 Ohm

Zero sequence transformer reactance value.

X0 = 10 X Xy
X0 = 10 X 0.842
X¢o = 8.42 Ohm

3.1.3. Calculation of feeder impedance

The feeder impedance is calculated according to the length of the distribution line which consists of
positive sequence impedance, negative sequence impedance and zero sequence impedance. The impedance
value is calculated using (4) and (5).

Z=R+jXQ/km 4)
Z, =nXLXZ/km (5)

The fault location simulation was performed at 75% of the feeder length. The calculation of positive sequence
impedance, negative sequence impedance, zero sequence impedance, and feeder length is as follows,

Positive sequence impedance, negative sequence impedance = (0.00 + j0.84) Q/km
Zero sequence impedance = (120.00 + j8.42) Q/km

Feeder length = 33.12 km

Zy(+,-) = 0.75x33.12km X (0.00 +j0.84)Q/km = (24.84 +j20.86)

Zn 0y = 0.75x 33.12 km X (120 +j0.84) Q/km = (2980.1 +j209.15) Q

Thus, Table 5 shows the feeder impedance value for fault locations 75% away.

Table 5. Feeder impedance for fault locations with a distance of 75%

Feeder impedance Impedance value
Positive and negative sequences (24.84 +j20.86) o
Sequence zero (2980.1 +209.15) o

3.1.4. Calculation of network equivalent impedance
Equation (6) can be used to calculate network equivalent impedance. Then, Z; .,; and Z, .,; can be
directly calculated according to the fault location point by adding Z; + Z + Z;.

Z1eki = Zzeki = Zs + Z1 + 71 feeder (6)
=j0.8 +j0.842 + Z; feeder
=j1.642 + Z; teeder

So, the equivalent network impedance value at the location of the 75% fault point is as.
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Ty eri = Zg exi = j1.642 + Z; foeder = j1.642 + (24.84 +j20.86)Q
= (24.84 +j22.5) Q

Then, the Z,,; calculation is carried out based on the neutral grounding system on the substation side.

Grounding resistance 20 kV is 40 Q. The Z, calculation requires the value of Z; of the grounded
transformer, neutral resistance Ry, and Z, of the feeder. Then, use (7) and (8) to find the value of Z,2.
Meanwhile, Table 6 shows the calculations' conclusions, namely the network'’s equivalent impedance for the
fault location at a distance of 75%.

Zg feeder = %length X Z, total @)
Zoexi = Zio + 3Ry + Zg feeder
= j8'42 + (3 X 40) + ZO feeder

Zoexi = j8:42 + 120 + (2980.1 + j209.15)Q
Zoewi = (3107.72 +j217.57) Q (8)

Table 6. Network equivalent impedance for fault locations with a distance of 75%

Network equivalent impedance Impedance value
Zy kit Zzeki (24.84+j22.5)
Zg eki (3107.72+217.57) o

3.2. Calculation of 3-phase short circuit faults

A three-phase fault is a condition where () all three phases of the system experience a short circuit
with each other, or (b) all three phases of the system are grounded. Generally, this is a balanced condition,
and it only needs to know the positive sequence network to analyze the interference. After calculating the
impedance at the Sibolga substation, the next step is to calculate the 3-phase short circuit fault current for the
75% fault point based on (9).

v
T (Z1ex) ©)
20000
___ V3
24.84 +j22.5
11547

T 3351 < —42.17
[ = 34458 < —42.17 A

3.3. Calculation of voltage sag, and voltage swell
Voltage sag calculations are needed to compare the results of the calculations and the simulations
carried out. This calculation is done on a 3-phase short circuit fault for the 75% fault location point. If I 3®

is obtained at the 75% disturbance point, it is 344.58 x /3.
Z=R+jX=(24.84+j22.5) 0
So, the voltage sag and voltage swell calculation at the 75% fault point is:

V = V((75% X 24.84)% + (75% x 22.5)% x 344.58 x /3
= 15002 Volt

From the results of the voltage sag calculation for a 3-phase short circuit fault with a fault location point of
75%, the voltage sag obtained is 15,002 Volts.

3.4. Simulation results of voltage sag

The simulation occurs when the three-phase short circuit is based on a load of 70% and the fault
location point is 75%. The load percentage results when the load is 70% is 636.65 kVVA, and the voltage sag
when the fault location is 75% is 15,002 Volts. The voltage sag simulation results consist of several simulations,
such as system simulations when a voltage sag occurs after installing DVR, DSTATCOM, and UPQC-S.
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3.4.1. Calculation of source impedance

The simulation was conducted for a 3-phase short circuit fault with a load of 70% and a fault
location point of 75%. The simulation results are shown in Figure 7. Then, the magnitude of the voltage
values of phases A, B, and C that are experiencing interference can be determined using the FFT tools in
Simulink MATLAB, as shown in Figures 7. The fundamental voltage of Phase A decreased to 0.3018 pu for
a duration of 0.03 to 0.07 seconds. This is caused by voltage sag. Meanwhile, the fundamental voltage of
Phase B decreased to 0.2647 pu for a time duration of 0.03 seconds to 0.07 seconds. Then, the fundamental
voltage of Phase C decreased to 0.2481 pu for a time duration of 0.03 to 0.07 seconds.
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Figure 7. Voltage sag due to 3 phase short circuit

3.4.2. After DVR installation at voltage sag

Simulations were carried out for a 3-phase short circuit fault with a load of 70% and a fault location
point of 75% after installing a DVR as a lost voltage restorer. The simulation results are shown in Figure 8.
In Figure 8, the voltage value for phases A, B, and C has been restored using a DVR and can be determined
using the FFT tools in Simulink MATLAB. The fundamental voltage of phase A after installing the DVR
increases to 0.9679 pu. The fundamental voltage of phase B after installing the DVR increases to 0.966 pu.
Furthermore, the fundamental voltage of phase C after installing the DVR increases to 0.9776 pu.
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Figure 8. Voltage sag simulation results with DVR

3.4.3. After installation of DSTATCOM at voltage sag

Simulations were carried out for a 3-phase short circuit fault with a load of 70% and a fault location
point of 75% after installing DSTATCOM as a lost voltage restorer. The simulation results are shown in
Figure 9. Figure 9 shows that the voltage values for phases A, B, and C recovered using DSTATCOM can be
determined using the FFT tools in Simulink MATLAB. The fundamental voltage of phase A after DSTATCOM
installation increased to 0.7369 pu. Then, the fundamental voltage of phase B after DSTATCOM installation
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increased to 0.7235 pu. Furthermore, the fundamental voltage of phase C after
increased to 0.7167 pu.
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Figure 9. Voltage sag simulation results with DSTATCOM

3.4.4. After installation of UPQC-S at voltage sag

Simulations were carried out for a 3-phase short circuit fault with a load of 70% and a fault location
point of 75% after installing UPQC-S as a lost voltage restorer. The simulation results are shown in
Figure 10. The voltage values for phases A, B, and C recovered using UPQC-S can be determined using the
FFT tools in Simulink MATLAB. The fundamental voltage of Phase A is 318.9 V for a duration of 0.03 to
0.07 seconds, so the fundamental voltage of Phase A is 0.8392 pu (reference voltage 380 Volts). Then, the
fundamental voltage of Phase B is 307 V (0.8392 pu) for a time duration of 0.03 to 0.07 seconds. Further, the
fundamental voltage of Phase C is 318.8 V (0.8389 pu) for a duration of 0.03 to 0.07 seconds.
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Figure 10. Voltage sag simulation results with UPQC-S
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3.5. Simulation results of voltage swell

The simulation occurs when the three-phase short circuit is based on a load of 70% and the fault
location point is 75%. The load percentage results when the load is 70% is 636.65 kVA, and the voltage sag
when the fault location is 75% is 15,002 Volts. The voltage swell simulation results consist of several
simulations, such as system simulations when a voltage swell occurs after installing DVR, DSTATCOM, and

UPQC-S.

3.5.1. System simulation results when a voltage swell occurs

The simulation was conducted for a 3-phase short circuit fault with a load of 70% and a fault
location point of 75%, as shown in Figure 11. The voltage values of phases A, B, and C that experience
voltage swell can be determined using the FFT tools in Simulink MATLAB, as shown in Figures 11. The
fundamental voltage of Phase A decreased to 1.724 pu for a duration of 0.03 seconds to 0.07 seconds. This is
caused by voltage swell. Meanwhile, the fundamental voltage of Phase B decreased to 1.72 pu for a duration
of 0.03 to 0.07 seconds. Then, the fundamental voltage of Phase C decreased to 1.694 pu for a duration of
0.03 to 0.07 seconds.

Vabe
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Magnitude (pu)

\
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Time '(;)

Figure 11. Voltage swell due to 3 phase short circuit

3.5.2. After DVR installation at voltage swell

The simulation was conducted for a 3-phase short circuit fault with a load of 70% and a fault
location point of 75%, as shown in Figure 12. The voltage values of phases A, B, and C that experience
voltage swell can be determined using the FFT tools in Simulink MATLAB, as shown in Figures 12. The
fundamental voltage of Phase A decreased to 0.9989 pu for a duration of 0.03 to 0.07 seconds. This is caused
by voltage swell. Meanwhile, the fundamental voltage of Phase B decreased to 0.9965 pu for a duration of
0.03 to 0.07 seconds. Then, the fundamental voltage of Phase C decreased to 1.00 pu for a duration of
0.03 to 0.07 seconds.
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Figure 12. Voltage swell simulation results with DVR
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3.5.3. After DSTATCOM installation at voltage swell

The simulation was conducted for a 3-phase short circuit fault with a load of 70% and a fault
location point of 75%, as shown in Figure 13. The voltage values of phases A, B, and C that experience
voltage swell can be determined using the FFT tools in Simulink MATLAB, as shown in Figures 13. The
fundamental voltage of Phase A decreased to 1.269 pu for a duration of 0.03 to 0.07 s. This is caused by
voltage swell. Meanwhile, the fundamental voltage of Phase B decreased to 1.26 pu for a duration of 0.03 to
0.07 s. Then, the fundamental voltage of Phase C decreased to 1.253 pu for a duration of 0.03 to 0.07 s.
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Figure 13. Voltage swell simulation results with DVR

3.5.4. After UPQC-S installation at voltage swell

Simulations were carried out for a 3-phase short circuit fault with a load of 70% and a fault location
point of 75% after installing UPQC-S as a lost voltage restorer. The simulation results are shown in Figure 14.
The voltage values for phases A, B, and C recovered using UPQC-S can be determined using the FFT tools in
Simulink MATLAB, as shown in Figures 14. The fundamental voltage of Phase A is 342.8 V for a duration of
0.03 to 0.07 seconds, so the fundamental voltage of Phase A is 0.9021 pu (reference voltage 380 V). Then, the
fundamental voltage of Phase B is 344 V (0.9052 pu) for a time duration of 0.03 to 0.07 seconds. Further, the
fundamental voltage of Phase C is 339.7 V (0.8939 pu) for a duration of 0.03 to 0.07 seconds.
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Figure 14. Voltage swell simulation results with UPQC-S
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3.6. Summary of analysis of voltage sag simulation results

Based on the results of the voltage sag simulation, which was run at 70% load and 75% fault
location point, DVR, DSTATCOM, and UPQC-S can restore the voltage due to voltage sag on the disturbed
phase. The simulation results are shown in Table 7. Table 7 presents the simulation results, a crucial step in
our research. Before and after the installation of DVR, DSTATCOM, and UPQC-S, we observed a
significant voltage sag of 15002 V or 0.75 pu during a 3-phase short circuit. The voltage measured during the
sag ranged from 0.25 to 0.30 pu. The selected disturbance duration for the voltage sag simulation was 0.03 to
0.07 seconds, providing a comprehensive view of the response and wave shape during a short circuit fault.

Table 7. Voltage sag compensation simulation results
Phase V fundamental V fundamental  V fundamental V fundamental UPQC-S

No compensation DVR DSTATCOM
A 0.3018 0.9679 0.7369 0.8392
B 0.2647 0.966 0.7235 0.8078
C 0.2481 0.9776 0.7167 0.8389

Before compensation, it can see a decrease in system voltage of up to 0.3018 pu in phase A,
0.2647 pu in phase B, and phase C 0.2481 pu. This condition indicates a voltage drop of more than 10% of
the nominal voltage in the system and does not meet the standards. After installing the DVR on the system,
the voltage was successfully restored to reach 0.9679 pu on phase A, 0.966 pu on phase B, and 0.9776 pu on
phase C. After installing DSTATCOM on the system, the voltage was successfully injected until it reached
0.7369 pu on phase A, 0.7235 pu on phase B, and 0.7167 pu on phase C. After installing UPQC-S on the
system, the voltage was successfully injected until it reached 0.8392 pu on phase A, 0.8078 pu on phase B,
and 0.8389 pu on phase C. Based on the data obtained after carrying out the simulation, it can be seen that the
voltage sag disturbance due to a 3-phase short circuit is serious because it causes a decrease of up to 0.25 pu
to 0.30 pu. DVR testing injected voltage up to 0.7295 pu to the normal voltage limit of >0.9 pu.
DSTATCOM testing only injects a voltage of 0.4686 pu to a voltage limit of >0.7 pu. Meanwhile, in the
UPQC-S test, it succeeded in injecting a voltage of 0.5911 pu to a voltage limit of >0.8 pu. These results
follow previous research about voltage sag. The addition of DVR, DSTATCOM, and UPQC-S produced
better values before compensation [27]-[30].

After conducting tests comparing the installation of a DVR, distribution static compensator, and
unified power quality conditioner-series shunt against voltage sag, we found that the DVR is the most
suitable solution for the SB-02 Sibolga Feeder case study. The quality of the DVR's voltage injection is
superior, successfully restoring the voltage to close to the nominal voltage of 1 pu. In future research, it is
possible to increase the efficiency of the harmonic filter on the DVR.

3.7. Summary of analysis of voltage swell simulation results

Based on the results of the voltage sag simulation, which was run at 70% load and 75% fault
location point, DVR, DSTATCOM, and UPQC-S can restore the voltage due to voltage swell on the
disturbed phase. The simulation results are shown in Table 8. Table 8 shows the simulation results before and
after DVR, DSTATCOM, and UPQC-S installation. The calculation results of the voltage swell when a
3-phase short circuit occurs are 15,002 V or 0.75 pu. Based on simulations, the amount of voltage measured
during a voltage swell is 1.60 pu to 1.75 pu. In the voltage swell simulation, the selected disturbance duration
occurs in the range of 0.03 to 0.07 seconds to see how the response and wave shape occur when a short
circuit fault occurs.

Table 8. Voltage swell compensation simulation results
Phase V fundamental V fundamental  V fundamental V fundamental UPQC-S

No compensation DVR DSTATCOM
A 1.724 0.9969 1.269 0.9021
B 1.72 0.9965 1.26 0.9052
C 1.694 1 1.253 0.8939

In the simulation without compensation, it can be seen that the system voltage increases up to
1.724 pu in phase A, 1.72 pu in phase B, and in phase C, 1.694 pu. This condition indicates an increase in
voltage in the system of more than 160% of the nominal voltage and does not meet the standards. After
installing the DVR on the system, the voltage was successfully restored to reach 0.9969 pu on phase A,
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0.9965 pu on phase B, and 1.00 pu on phase C, the voltage was successfully restored to reach 0.9969 pu on
phase A, 0.9965 pu on phase B, and 1.00 pu on phase C. After installing UPQC-S on the system, the voltage
was successfully injected until it reached 0.8392 pu on phase A, 0.8078 pu on phase B, and 0.8389 pu on
phase C. Based on the data obtained after carrying out the simulation, it is clear that the DVR test was a
resounding success in restoring the voltage to 0.9776 pu, well within the normal voltage limit of >0.9 pu.
This success reaffirms the DVR's performance. The DSTATCOM testing only reduced the voltage to 1.26 pu
on the network, while the UPQC-S test also succeeded in restoring the voltage to 0.9021 pu, meeting the
normal voltage limit of >0.9 pu. These results follow previous research about voltage swell. The addition of
DVR, DSTATCOM, and UPQC-S produced better values before compensation [8], [11], [13]

Based on tests carried out by comparing the installation of DVR, DSTATCOM, and UPQC-S
against voltage swell, we can draw insightful conclusions. The results have shown that the DVR is more
suitable for use in the SB-02 Sibolga Feeder case study research. This is because the DVR's voltage repair
quality is greater, and it succeeds in restoring the voltage to close to the nominal voltage, namely 1 pu. This
comparison provides valuable knowledge for future system installations.

4. CONCLUSION

The following conclusions were drawn from the discussion and research conducted: First, the
smallest voltage drop, 0.2481 pu on phase C, was caused by the voltage sag that resulted from a three-phase
short circuit fault based on a load of 70%, and the fault location point is 75%. Second, the biggest increase in
the voltage fundamental wave, reaching 1.724 pu on phase A, was caused by a three-phase short circuit fault
with a 70% load and a 75% fault location point. Third, using a 70% load and a 75% fault localization point,
the DVR restored the voltage caused by a 3-phase short circuit failure on the SB 02 feeder. The simulation
findings show that phase C experiences the largest voltage sag recovery, 0.7295 pu from 0.2481 pu to
0.9776 pu. Additionally, phase A experienced the largest voltage swell recovery, going from 1.724 pu to
0.9969 pu, or 0.7271 pu. Fourth, a three-phase short circuit caused DSTATCOM to restore voltage. The
simulation findings show that phase C experiences the largest voltage sag recovery, 0.4686 pu from
0.2481 pu to 0.7167 pu. Additionally, phase B experienced the largest voltage swell recovery, going from
1.7 pu to 1.26 pu, or 0.46 pu. Fifth, a three-phase short circuit allowed UPQC-S to restore voltage
successfully. According to the simulation results, phase A experienced the largest voltage sag recovery,
rising from 0.2481 pu to 0.8392 pu, or 0.5911 pu. Additionally, phase A had the largest voltage swell
recovery, going from 1.724 pu to 0.9021 pu, or 0.8219 pu. Ultimately, it is evident from the research that the
DVR is more dependable than the distribution static compensator and unified power quality conditioner-
series shunt in mitigating the effects of 3-phase short circuit disturbances on voltage sag and swell.
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