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ABSTRACT — Shunt reactors are frequently installed at the end of a 500 kV double circuit extra high voltage transmission 

lines (EHVTL) to help overcome the voltage rise caused by the long line capacitance. However, voltage problems may still 

occur, especially during the voltage injection process in new transmission lines that have been installed, due to voltage 

induction and parameter reinforcement from other circuits within the same line that have been injected earlier. The problem 

of overvoltage occurrence becomes even more complex because the line and shunt reactor have been completely installed, 

making it impossible to change the length of the line and the capacity of the shunt reactor. The overvoltage phenomenon in 

this research occurs when one circuit in the transmission line has not been injected. However, the shunt reactor has been 

connected so that the line receives induction and strengthening from another circuit because, at the same time, the second 

circuit has been injected with operating voltage. Overvoltage in this research occurs when one circuit in the transmission 

line has not been injected. Nevertheless, the shunt reactor has been connected so that the line receives induction and 

reinforcement from another circuit because, at the same time, the second circuit has been injected with operating voltage. 

This paper proposes modifications to the voltage injection maneuver scenario into the line, modifications to the protection 

scheme in the event of a phase-to-ground fault, and the addition of an overvoltage relay to overcome the overvoltage 

conditions. Modifying the voltage injection maneuver scenario could decrease the overvoltage on lines not injected with 

voltage up to 31.9 kVp. Changing the protection scheme when a phase-to-ground fault occurred by commanding the shunt 

reactor’s circuit breaker (CB) to open could prevent voltage rises in the undisturbed phase. A voltage relay was added in 

order to anticipate the occurrence of overvoltage when there was a disturbance in the line, and the shunt reactor CB could 

not open due to internal disturbances. 
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I. INTRODUCTION 

Overvoltage on extra high voltage transmission lines 

(EHVTL) is dangerous as it can damage the insulation of 

connected electrical equipment due to voltage exceeding its 

capacity [1], [2]. Apart from lightning strikes, overvoltage on 

EHVTL usually occurs during the switching process. Therefore, 

it is necessary to anticipate it in order to ensure the stability of 

electric power distribution [3]–[5]. Shunt reactors are installed 

at both ends of a 500 kV double circuit EHVTL to counteract 

the increase in voltage caused by the long-line capacitance [6]–

[8]. Installation of shunt reactors on the double circuit EHVTL 

with long lines to reduce overvoltage problems due to line 

capacitance is frequently chosen and implemented on both new 

transmission lines (during construction) and older transmission 

lines. However, installing a shunt reactor in a double circuit line 

causes another overvoltage phenomenon at both ends of the line 

installed with a shunt reactor [9]–[11]. Overvoltage occurs 

when one of the lines is open and the shunt reactor is in the inlet 

condition. At the same time, the second line is energized [12]–

[14].  

Over the past five years, several researchers have studied 

the occurrence of overvoltage in electrical power distribution 

systems and have undertaken various endeavors to suppress or 

reduce it. Of these endeavors is adding the surge arrester 

equipment and taking control steps on the doubly fed induction 

generator (DFIG) and point of common coupling (PCC) during 

grid disturbances [15], [16]. Overvoltage can also be reduced 

by replacing the disconnector switch (DS) contacts by 

installing closing resistance on the DS [17]. A three-phase 

opening scheme in the reactor is applied to mitigate overvoltage 

resonance [18]–[20]. Lightning protection designs have also 

been developed to anticipate overvoltage [21], [22]. Research 

on overvoltage resonance in transmission lines has resulted in 

a mechanism to reduce overvoltage due to lightning strikes by 

conducting steady voltage analysis and simplifying the 

resonance circuit [23]–[25]. 

Shunt reactors effectively reduce overvoltage during the 

loading process or when applying voltage. On the other hand, 

installing a shunt reactor can increase the induced voltage in 

non-live lines if the following conditions occur [26]. 

 In a single circuit line, series resonance will occur when 

using a single pole auto reclose (SPAR) pattern. 

 In a double circuit line, when only one of the lines has 

voltage, parallel resonance will occur.  

Overvoltage resonance occurs when the shunt 

compensation degree is high. The compensation degree 

percentage value is determined by comparing the value of the 

reactor compensation shunt with the positive sequence 

susceptance of the transmission line [27]. Typically, the 

compensation degree value falls between the range of 60% to 

80% [28].   

Previous researchers have provided several alternative 

solutions to overcome problems when resonance conditions 

occur in lines [29]. 

 Makes a complete transposition of the transmission line. 

 Create an ungrounding scheme on the reactor 

neutral line. 

 Install a resistor between the ground line and the 

neutral line of the reactor. 

 Install a reactor (directly mounted or coupled) between 

reactor ground and neutral. 
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 Replace the disconnecting earth switch (DSE) with a 

circuit breaker (CB) because the induced voltage at high 

voltage is dangerous for the DSE because it causes 

arching between the DSE terminal switches. 

 Make changes to the reactor configuration. 

This research was carried out to analyze the causes of 

overvoltage in double circuit lines when one of the lines has 

been injected with voltage. Then, an overvoltage condition 

occurs in the non-voltage line when the reactor is inserted into 

the system. Alternative solutions carried out in this research 

have never been carried out in previous research, namely as 

follows. 

 Carrying out the process of changing the maneuver 

scenario when applying voltage, which aims to add line 

length to prevent overvoltage resonance. 

 Changes in the protection scheme design when a single-

phase fault occurs as a step to secure the phase, which is 

not disturbed by the effects of overvoltage resonance. 

 Adding an overvoltage relay to the line as an 

anticipatory step when overvoltage appears due to a 

disturbance in the line when the reactor CB fails to open.  

II. MATERIAL 

A. OVERVIEW SISTEM 

Figure 1 is a one-line diagram examined when the 

overvoltage phenomenon occurs. This one-line diagram 

consisted of four double-circuit transmission lines connecting 

four 500 kV extra high voltage substations (EHVS): EHVS W, 

X, Y, and Z. The line length from EHVS W to EHVS X to 

EHVS Y was 93 km, and the length from EHVS Y to EHVS Z 

was 160 km. On the X to Y double circuit transmission line, a 

shunt reactor with a capacity of 100 MVAR with a voltage of 

500 kV was installed. The initial condition of CB in EHVS X 

and EHVS Y was in the open state before injecting voltage to 

line 1, while line 2 was already in the voltage-injected position. 

Tower and conductor geometry data in Figure 2(a) shows a 

sequence of vertical three-phase conductor bundles, with each 

phase consisting of four conductor bundles (quadruple). The 

distance between the lower phase and the ground was 23.49 m, 

between the middle phase and the ground was 35.89 m, and 

between the upper phase and the ground was 48.19 m. Figure 

2(b) depicts a simplified image of the conductor distance 

between phases, which simplifies the calculation of the 

capacitance of a three-phase transmission line. 

B. THE PROCESS OF OCCURRING OVERVOLTAGE 
DURING THE VOLTAGE PROCESSING PROCESS 

Figure 1 depicts the occurrence of overvoltage when the 

dual line 500 kV EHVTL is being energized from EHVS X to 

EHVS Y. The voltage in line 1 exceeded the standard operating 

limit and rose to 584.93 kV when the shunt reactor CB was 

inserted, despite line 1 was not yet live. Line 2 was already live 

with the shunt reactor CB entering the system. The event of a 

voltage rises above the standard operating limit also occurred 

in line 2 when the shunt reactor CB in line 2 was inserted, 

despite line 2 was not yet live.  At the same time, line 1 was 

already experiencing a voltage drop, with the shunt reactor CB 

being introduced into the system. 

Figure 3 depicts the recording of the digital fault recorder 

(DFR).   Figure 3(a) shows that the overvoltage on line 1, which 

did not receive any voltage injection, was measured at 584.93 

kVp. Meanwhile, line 2 was in a voltage-injected state. 

Figure 3(b) shows the occurrence of overvoltage on a line 

that had not been injected with voltage (line 2) of 584.93 kVp. 

Meanwhile, the following line (line 1) was in a voltage-injected 

condition. 

III. METHODOLOGY 

In this research, measurements, and analysis to determine 

the overvoltage value were carried out using the following steps. 

The first step was to carry out a line capacitance calculation 

analysis. Equation (1) is a calculation of the compensation 

degree value (𝑘). 

 𝑘 =
𝐵𝐿

𝐵𝐶
=

1
(𝜔.𝐿)

(𝜔.𝐶+)
=

1

𝜔2.𝐿.(𝐶𝑝𝑔+3.𝐶𝑝𝑝)
 (1) 

 

 (a) (b) 

Figure 2. Images of (a) tower geometry, (b) simplification of line capacitance. 

 

 

Figure 1. Diagram of one transmission line under study when the overvoltage occurs on lines X to Y. 
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where 𝐶+ is the positive sequence capacitance, 𝐶𝑝𝑔 is the line 

capacitance to ground, 𝐶𝑝𝑝 is the interphase line capacitance in 

units of F/m, and L is the inductance in H unit. Meanwhile, the 

transmission line capacitance value can be obtained using (2) 

and (3). 

 𝐶𝑝𝑔 =
2𝜋𝜀0

𝑙𝑜𝑔𝑒 [
𝐷𝑒𝑞

𝑟
]− 𝑙𝑜𝑔𝑒 [

𝐷
𝐴𝐵′𝐷

𝐵𝐶′𝐷
𝐶𝐴′

𝐷
𝐴𝐴′𝐷

𝐵𝐵′𝐷
𝐶𝐶′

]

1
3

 (2) 

 𝐶𝑝𝑝 =
𝐶𝑝𝑔

2
 (3) 

where 𝐷𝑒𝑞  is the subconductor distance, 𝐷𝐴𝐵′𝐷𝐵𝐶′𝐷𝐶𝐴′ are the 

interphase conductor distance, and r is the bundle conductor 

radius. Based on (1) and Figure 2(b), the line-to-ground 

capacitance value (𝐶𝑝𝑔) and the anaphase capacitance value 

(𝐶𝑝𝑝) were calculated, resulting in the following results. 

 𝐶𝑝𝑔 =
2𝑥3.14𝑥8.85𝑥10−12

𝑙𝑜𝑔𝑒 [
0.045

0.0109
]− 𝑙𝑜𝑔𝑒 [

118.94𝑥84𝑥101.4

96.4𝑥71.8𝑥47
]

1
3

= 1.66𝑥10−11𝐹/𝑚  

 𝐶𝑝𝑝 =
𝐶𝑁

2
= 0.83𝑥10−11 𝐹/𝑚. 

From the results of the calculations above, the phase-to-

ground line capacitance value was 1.66𝑥10−11𝐹/𝑚 , and the 

interphase line capacitance was 0.83𝑥10−11 𝐹/𝑚, which was 

an X to Y transmission line with length of 93 km. After 

obtaining the line capacitance value, the shunt compensation 

degree (𝑘)  value was calculated, resulting in the following 

results. 

 𝑘 =
1

𝜔2.𝐿.(𝐶𝑝𝑔+3.𝐶𝑝𝑝)
  

 𝑘 =
1

(2×3.14×50)2×2,64×(1.66+3𝑥0.83)×10−11×93000 
 

 𝑘 = 0.9942 = 99.42%. 

The shunt compensation degree (k) value obtained was 

99.42% following the injection of shunt reactor data and line 

capacitance values. Figure 4 shows that the value (𝑘) of the line 

being examined reached its peak of overvoltage resonance 

when the shunt compensation degree (k) value was shifted from 

10% to 200%. It could potentially cause overvoltage resonance 

in the line. 

The second step was to model the 500 kV tower 

configuration and inter-circuit and inter-phase couplings of the 

W – X – Y – Z transmission line in DIgSILENT Power Factory 

software based on field data. Then, the third step involved 

validating the simulation model against recorded data of 

disturbances that occurred when line 1 experienced an 

overvoltage, when line 2 was injected with voltage and the 

reactor entered the system. A validation comparison of DFR 

recordings with simulation results showed identical results. 

From the observations on the DFR, the induced voltage was 

25.36 kVp. Meanwhile the simulated induced voltage was 28.6 

kVp prior to the installation of CB reactor line 1. Furthermore, 

after the reactor CB was closed, the simulated voltage on line 1 

was 583.57 kVp. It was aligned with the DFR recording for line 

1,584 kVp. 

The fourth step involved validating the simulation model 

against recorded data of disturbances that occurred when line 2 

experienced an overvoltage, when line 1 was injected with 

voltage and the reactor entered the system. The validation of 

the DFR recordings was compared with the simulation 

results and yielded identical results. From the observations on 

the DFR, the induced voltage was 25.03 kVp. Meanwhile the 

simulated induced voltage was 28.6 kVp prior to the 

installation of CB reactor line 2. Furthermore, after the reactor 

CB was closed, the simulated voltage in line 2 was 546.46 kVp. 

This result was aligned with the DFR recording in line 2, which 

was 546 kVp in line 2, even after the reactor CB was closed. 

The fifth step involved simulating and analyzing the voltage 

profile after changing the maneuver scenario when injecting 

voltage to the transmission line. Then, the sixth step was to 

conduct a simulation and analysis of the voltage profile after 

changing the protection scheme design by changing the reactor 

CB open command design during a single-phase fault. 

   

 (a) (b) 

Figure 3. DFR recording, (a) line 1 in the absence of any voltage injection and (b) line 2 in the absence of any voltage injection. 

 

 

Figure 4. Shunt compensation degree graph on the X to Z line with a change in 

the 𝑘 value from 10% to 200%. 

 

EN-259



 JURNAL NASIONAL TEKNIK ELEKTRO DAN TEKNOLOGI INFORMASI 
p-ISSN 2301–4156 | e-ISSN 2460–5719 

 

 

Volume 12 Number 4 November 2023 Imam Ghozali: Overvoltage Resonance Protection Scheme … 

The seventh step was to simulate and analyze the voltage 

profile after adding an overvoltage relay (OVR) to the 

transmission line. The eighth stage involved simulating a load 

in order to observe the stress profile under minimum load, 

maximum load, gradual load increase, and load release from 

maximum to minimum. The loading simulation was carried out 

using an inter-bus transformer (IBT) installed on EHVS, with 

the following data. 

 At EHVS W, there were two IBTs with a capacity of 

500 MVA per transformer. 

 At EHVS Y, there were two IBTs with a capacity of 500 

MVA per transformer. 

 At EHVS Z, there were two IBTs with a capacity of 500 

MVA per transformer. 

The results of steps five to eight will be discussed in 

subsections IV. A to IV. D. 

IV. RESEARCH RESULTS 

This section discusses the simulation results from steps five 

to eight in anticipating and overcoming overvoltage on the line. 

A. MAKING MANUVER SCENARIO CHANGES DURING 
THE VOLTAGE PROCESSING PROCESS 

Changes in line impedance values can be done by extending 

the transmission line, namely by reconfiguring the sequence of 

voltage supply maneuvers, as explained in Figure 5. 

Figure 5(a) is a one-line diagram of the sequence of 

maneuvers according to the initial standard operating 

procedure (SOP) for the injection of voltage. In contrast, Figure 

5(b) shows a one-line diagram of changes in the voltage 

injection maneuver. The sequence of voltage injection 

maneuvers is described in the flowchart in Figure 6. 

Figure 6 shows that the initial scenario was conducted by 

positioning CB A and AB in EHVS X and EHVS Y in the open 

position. Next, the first process was carried out by closing the 

reactor CB in the line. Then, in the second and third processes, 

CB A in EHVS X and CB B in EHVS Y were closed [30]. 

When the CB reactor was closed, the line experienced 

overvoltage, despite the absence of any voltage injection. In 

order to anticipate this, changes were then made to the 

maneuver scenario when injecting voltage, with the first 

process being inserting CB A, followed by CB AB and CB B 

in EHVS Y. Once all CBs in EHVS Y were inserted, the second 

line reactor CB was subsequently inserted. Afterwards, CB A 

in EHVS X and CB B in EHVS Z were inserted sequentially. 

Changes to the maneuver caused the capacitance value that 

influenced the induced voltage to increase to 253 km, namely 

the transmission line from EHVS X-Y-Z. According to the 

length of the line from EHVS X to Y, initially, the capacitance 

value that influences the induced voltage is 93 km. Increasing 

the length of the line will affect the value of the shunt 

compensation degree (k). The following results were obtained 

after carrying out calculations based on (2). 

 𝑘 =
1

𝜔2.𝐿.(𝐶𝑝𝑔+3.𝐶𝑝𝑝)
  

 𝑘 =
1

(2×3.14×50)2×
7.93

3
×(1.66+3𝑥0.83)×10−11×253000 

 

 𝑘 = 0.3654 = 36.54%. 

The shunt compensation degree (𝑘) of 36.54% had no 

potential to cause overvoltage after proving it by simulating 

changes to the maneuver scenario in the DIgSILENT Power 

 

(a) 

 

(b) 

Figure 5. Single-line diagram of, (a) process of applying tension according to the initial SOP, (b) changes in the sequence of maneuvers in the process of injecting voltage. 
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Factory software. Figure 7 is a voltage profile resulting from a 

simulation of changes in voltage maneuvers showing that there 

was no overvoltage in the line. The voltage in the line was 

measured at 31.928 kVp after being inserted into the CB reactor 

at 0.1 s. 

B. CHANGE IN PROTECTION SCHEME DESIGN DURING 1 
PHASE DISTURBANCE  

In the initial design, the CB reactor scheme will open when 

the transmission line receives an open command from the five 

inputs inputted in the OR gate. The five inputs are: 

 circulating current protection (CCP) relay, 

 three-phase faults on the line, 

 circuit breaker failure (CBF) relay A, 

 circuit breaker failure (CBF) relay B, and 

 overvoltage relay (OVR). 

From this initial design, when a single-phase disturbance 

occurs, the safety relay does not command the reactor CB to 

open, thereby affecting the voltage on the uninterrupted phase. 

It happens because the line capacitance value in the disturbed 

phase can result in resonance if the end of the line is still 

connected to the shunt reactor [31]. 

To account for this condition, the reactor CB opening 

scheme was modified by adding a single-phase line disturbance 

as one of the conditions for opening the reactor CB during a 

disturbance. When a single-phase disturbance occurs, the 

conditions for opening the reactor CB consist of six inputs 

entering a single OR gate: 

 CCP relay, 

 single-phase fault on the line, 

 three-phase faults on the line, 

 CBF A relay, 

 CBF B relay, and 

 OVR relay. 

The reactor CB will open if it receives one of the six 

interference signals. To determine the voltage profile in the 

undisturbed phase when a single-phase disturbance occurs, a 

simulation was carried out by adding a disturbance in the R 

phase. Figure 8(a) shows the simulation results during a single-

phase disturbance in the R phase. The S and T phases that were 

not disturbed experiencing voltage rise of 575.79 kVp and 

537.8 kVp, respectively.  

Figure 8(b) is the simulation result after changes to the 

protection design. The figure shows no voltage rise in the 

undisturbed phases, namely phase S and phase T, with voltage 

values of 424 kVp and 426 kVp. The voltage in the S phase and 

T phase was back to normal after the parallel circuit between 

the reactor and the line causing the overvoltage resonance was 

disconnected by opening the reactor CB. 

C. ADDITION OF OVR TO THE NETWORK 

To anticipate the occurrence of overvoltage once the line 

can operate and the double circuit is injected with voltage, it is 

necessary to install an OVR with two schemes. First, OVR 

basic was utilized as protection against line overvoltage with 

the following three output signal commands: 

 open the CB reactor, 

 open CB lines, and 

 sends a direct transfer trip (DTT) signal to the opposing 

EHVS. 

The second scheme was the OVR resonance. This scheme 

was created to anticipate overvoltage when one or three-phase 

disturbances occurred. However, the reactor CB failed to open 

due to internal problems, such as mechanical damage or 

problems with the circuit. The second OVR logic scheme had 

two delay time stages with different targets to open the CB, 

namely as follows. 

 The first stage of delay time had a duration of 2 s with 

an output signal commanding to open the reactor CB 

again.  

 The second stage of two delay time had an additional 

time duration of 3 s. This second stage occurred if the 

reactor CB had not opened when commanded to open 

 

Figure 6. Flowchart of the sequence of voltage injection maneuver according to 
the initial SOP and after changes. 

 

 

Figure 7. Simulation results of changes in maneuver scenarios during the 
tensioning process. 
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the stage one. The output signal would open the line CB 

and the CB reactor of the adjacent line to eliminate 

excess voltage due to the influence of induction in 

the adjacent line. 

Figure 9(a) shows the results of observing the voltage 

profile when a disturbance occurs in the line, but the reactor CB 

remains closed. The voltage rose to 498.8 kVp, even though the 

CB line was in the open position. The simulation results of 

applying OVR resonance can be seen in Figure 9 (b), which 

shows that the voltage drops to 84.87 kVp after the CB line next 

to it is opened. The cause of the voltage drop was the induction 

into the parallel circuit of the reactor, which failed to open with 

the disturbed line having been eliminated when the adjacent 

line’s CB was opened. 

D. SIMULATION OF LOADING ON THE LINE 

Following the operation of the X to Y transmission lines 

and the injection of voltage into the double circuit, a load 

simulation was carried out on the line using several simulations 

as follows. 

 Maximum load of 100%, which was equivalent to 3,000 

MVA. It is done by including all IBTs on lines W 

through Z. 

 Minimum load of 0%, without including IBT on lines W 

to Z. 

 Increasing the load gradually in the range of 14% to 

17%, equivalent to 410 MVA to 520 MVA. 

 Loading shedding from a maximum load of 100% to a 

minimum load of 0% so that in this condition, the IBT 

was released from the system. 

From these four simulations, voltage observations were 

then carried out on line 1 and line 2, which was during the 

switching process and at a steady state. Observations were 

conducted during the switching process to see the transient 

voltage that arises.   

The process of injecting and removing loads often results in 

momentary overvoltage. Therefore, steady voltage 

observations were carried out to observe and ensure that there 

was no overvoltage for a long time in the line after the loading 

process was carried out. The line loading simulation results are 

shown in Table I and Table II. 

According to Table I and Table II, the switching voltage 

during the highest line loading process was 1,1 p.u or 

equivalent to 550 kV. This voltage of 1,1 p.u is still safe and 

does not damage installed equipment such as CB, current 

transformer (CT), DS, and lightning arrester (LA) as this 

equipment can withstand switching voltages of up to 1,175 kV, 

according to the technical data of the installed equipment. 

Under 100% maximum load conditions, a voltage dropped 

of up to 0.982 p.u or the equivalent of 491 kV. This voltage 

 

 (a) (b) 

Figure 8. Voltage profile when a single-phase fault occurs, (a) with the reactor CB still in, (b) with the reactor CB already opened. 

 

 (a) (b) 

Figure 9. Voltage profile, (a) when a line fault occurs, and the reactor CB remains in, (b) after applying OVR resonance by opening the next CB. 
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drop is still within safe limits according to the 2020 electric 

power system network regulations/grid code, namely the 

voltage rise limit is +5% or 525 kV and the voltage drop is -5% 

or 475 kV. The highest steady voltage was 1.06 p.u or 

equivalent to 530 kV. It occurred at load conditions of 0% to 

33% or 0 MVA to 990 MVA. This voltage exceeds the 5% 

voltage rise limit. The lowest steady voltage was 0.982 p.u or 

the equivalent of 491 kV, occurred when the maximum load is 

100% or 3,000 MVA. This lowest steady-state voltage 

condition is still within the standard grid code limit, namely -

5% [32]. Table III shows the switching voltage during load 

shedding from 100% or 3,000 MVA to 0%, with the condition 

that is no IBT connected to lines W to Z. 

The switching voltage on line 1 was 1.437 p.u or equivalent 

to 718.5 kV, while the switching voltage on line 2 was1.417 p.u 

or equivalent to 708.5 kV. The switching voltage measured at 

the time of load removal is still within the safe limits of the 

equipment because the installed equipment can withstand 

switching voltages of up to 1,175 kV. 

V. CONCLUSION 

Based on the simulation results of the efforts made to 

reduce the overvoltage on the X-Y line, it can be concluded that 

the cause of the occurrence of an overvoltage resonance in the 

line that has not been injected with voltage on the double circuit 

line when line 2 already energized was the value of the shunt 

compensation degree (𝑘)  reaching 99.42%. It was obtained 

from the installed reactor capacity value of 100 MVAR and a 

line length of 93 km. The step to reduce the overvoltage was to 

change the scenario during the voltage application process, 

namely by first inserting CB A, AB, and B into EHVS Y to 

extend the line to 253 km so that the shunt compensation degree 

(𝑘) value became 36.54. The measured voltage value became 

31.9 kVp after the CB reactor closing process. When the double 

circuit operates, it is necessary to add a SPAR scheme as a 

condition for opening the reactor CB to anticipate voltage rises 

in the undisturbed phase. After simulations, it was proven that 

this process could reduce the voltage rise in the undisturbed 

phase. The addition of the OVR relay was done in anticipation 

when there was an overvoltage on the line, but the reactor CB 

could not open due to internal interference. This process was 

conducted using a scheme to command open the CB of the next 

line, which was successfully simulated and reduced the voltage 

to 84.87 kVp. 

The load simulation on the line showed that the steady 

voltage remained above the safe limit of +5% when the load 

was below 990 MVA. Whereas, when the load was increased 

to a maximum of 3,000 MVA, the voltage drop remained 

within the standard, namely less than-5%. While increasing the 

load gradually and when releasing the load, the switching 

voltage was still within the safe limits of the equipment’s 

ability to withstand the switching voltage. 
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