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Abstract. With series compensation of the line reactance, the problem of its protection against 

overcurrents arises regarding relay protection. The greater the degree of compensation, the 
greater the problem. When compensating for more than 50% of the reactance of the line, the 
protection of power transmission lines becomes practically impossible due to the failure or false 
operation of all existing kinds and types of protection [1, 2]. Therefore, as for now, the 
compensation of the line reactance usually is no more than 50% [3, 4], which does not allow to 
reveal the full potential of the line in terms of its transmission capacity. The goal of this research 
was to study the processes occurring in emergency modes on power lines equipped with a series 
capacitor bank, the understanding of which would help to produce algorithms that can protect 
power lines with SCB with a degree of the longitudinal resistance compensation of the line of 
more than 50%. 

 

1 Introduction 

There are several ways to increase the transmission 

capacity of power lines in the power industry. One of the 

ways is to install a line of capacitor banks in series to 

compensate for the reactive resistance of power lines [5, 

6]. This technical solution, apart from advantages, also 

has some disadvantages. With a compensation 

coefficient of more than 50% of the line reactance, the 

following phenomena are observed: current inversion 

during a short circuit, voltage inversion during a short 

circuit, low-frequency oscillations after a short circuit is 

disconnected, etc. [7, 8]. These (and other) phenomena 

lead to the impossibility of protecting the power 

transmission line since they lead to the false operation or 

malfunction of relay protection in case of damage on the 

protected line [9, 10]. In particular, the inversion of the 

current with a short circuit on the line leads to the fact 

that the currents are not directed to the place of the short 

circuit (see Fig. 1), but, as it were, in transit past it (see 

Fig. 2), as a result, the differential and phase comparison 

protection perceives this damage as external and does 

not work [11, 12]. For this reason, the reactance 

compensation of the power transmission line does not 

exceed 50% right now [13]. 

 

 
Fig. 1. Oscillogram of currents at a three-phase short 

circuit in the middle of a line with two-way power 

supply without longitudinal compensation (currents from 

different ends of the line are shown in different colors). 

 

 
Fig. 2. Oscillogram of currents at a three-phase short 

circuit in the middle of a line with two-way power 

supply with longitudinal compensation (currents from 

different ends of the line are shown in different colors). 

 

The goal of this research is to analyze the influence of 

series capacitor banks on the emergency mode 

parameters of the power transmission line.  

 

2 Materials and methods 
 

One circuit of the Bratsk-Irkutsk 500 kV power 

transmission line was assembled in the PSCAD software 

environment, the equivalent circuit of which is shown in 

Fig. 3. The model includes two ideal three-phase voltage 

sources interconnected by means of 20 U-shaped 

sections of the line equivalent circuit (see Fig. 4 and 

Table 1). In the middle of the power transmission line 

(between the 10th and 11th segment), an ideal capacitor 

is connected to each open fault. At the junction of each 

of the sections of the power transmission line, 

symmetrical short circuits with a transition resistance of 

0.01 Ohm were simulated. 
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Fig. 3. Equivalent circuit for a longitudinal 

compensation line connecting two power systems. 

 

 

 
Fig. 4. The equivalent circuit of the power transmission 

line. 

 

Table 1. List of elements used in the equivalent circuit 

and their technical characteristics. 

Designation 

in circuit 
Name Technical data 

R Active resistance 

of the wire 

Direct sequence:  

0,1781598×10-4 

Ohm/m. 

Zero sequence: 

0,2952201×10-3 

Ohm/m. 

L Inductive 

resistance of the 

wire 

Direct sequence: 

0,31388×10-3 

Ohm/m. 

Zero sequence: 

0,1039898×10-2 

Ohm/m. 

C Capacity 

reactance between 

wire and ground 

414,1642 МOhm/m 

Cm Capacity 

reactance between 

wires 

273,5448 МOhm/m 

 

3 Results 
 

To analyze the influence of the SCB compensation on 

the parameters of the power transmission line modes, 

short circuits were simulated at the junction of each of 

the segments. The research was carried out in several 

stages. At the first stage, emergency modes (SC) were 

simulated with different degrees of SCB compensation. 

At the second and subsequent stages, emergency modes 

were simulated with different initial parameters of the 

model (time of a short circuit occurrence, voltage 

difference at the ends of the line, etc.) with a fixed value 

(100%) of the degree of series compensation. 

 

3.1 Research of the influence of compensation 
of series capacitor banks on the parameters of 
emergency modes of the power transmission 
line 

 

To research the influence of the series capacitor banks 

compensation on the parameters of emergency modes of 

the power transmission line, short circuits were 

alternately simulated at each point of the short circuit 
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with a fixed transfer resistance (0.01 Ohm) and various 

degrees of series compensation - from 0 to 100%. Since 

the power line model was initially divided into 20 

sections, the step between the short circuit points was 

5% of the line length. Based on the data obtained, a 

graphical dependence of the shear angle between 

currents from different ends of the line on the 

distribution of the SC point and the degree of series 

compensation was plotted (see Fig. 5). The direction 

from the busbars to the line is chosen as the positive 

direction of the currents. Since the dependence of the 

phase shift on the location of the short-circuit point is 

symmetrical with respect to the SCB (relative to the 

middle of the line), only the left half of the graph is 

shown in the figure (from the 1st to the 10th point). Point 

0 on the graph is not given due to the fact that the angle 

between the vectors with a short circuit at this point 

greatly depends on the internal resistance of the power 

source and/or the resistance between the source and the 

power line. 

 

 
Fig. 5. Dependence graph of the shear angle between the 

vectors of currents of the same phases at different ends 

of the line from the location of the short circuit point and 

the degree of series compensation. 

 

As research has shown, and as the graph shows, the 

closer the SC point is to the SCB, which is located in the 

middle of the line, and the greater the degree of series 

compensation, the greater the angle between the vectors 

of currents of the same phases, and the dependence is 

nonlinear. 

Also, during the research, it was noticed that when at 

least some small degree of series compensation appears, 

a subsynchronous damped sinusoid appears in currents 

flowing from the capacitor side (see Fig. 6). The 

frequency of the subsynchronous sinusoid increases with 

an increase in the degree of series compensation. 

Moreover, with a compensation degree of 20% or more, 

the frequency of the subsynchronous sinusoid becomes 

more than half of the power frequency, which is why the 

phenomenon of amplitude modulation begins to be 

observed (see Fig. 7). 

 

 
Fig. 6. Short-circuit currents at K5 point (compensation 

degree 5%). 

 

 
Fig. 7. Short-circuit currents at K5 point (compensation 

degree 50%). 

 

When the capacitance of the SCB is such that during a 

short circuit, the degree of compensation of the inductive 

resistance of the line section, located on the capacitor 

side relative to the short circuit is close to 100%, the 

currents are at an angle of 90°, and the transient process 

on the capacitor side is accompanied by a symmetric 

exponential increase in amplitude (see Fig. 8). 

 

 
Fig. 8. Short-circuit currents at K10 point (compensation 

degree 50%). 

 

In the case of overcompensation of the inductive 

resistance of the damaged section of the power 

transmission line (i.e., with a compensation degree of 
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more than 100%), the behavior of the transient process is 

mirrored with respect to one hundred percent 

compensation of the damaged section: as 

overcompensation, the subsynchronous frequency begins 

to decrease. 

 

3.2 Research on the influence of the time of a 
short circuit occurrence on the emergency 
modes parameters of a power transmission line 
equipped with a series compensation device 

 

To study the influence of the time of a short circuit 

occurrence, symmetrical three-phase short circuits were 

alternately simulated at points K0 - K21 with the 

following parameters: voltage of three-phase sinusoidal 

voltage sources: 500 kV; series compensation of 

inductive resistance: 100%; the difference in voltage of 

the same phases angles: 0°; the transition resistance at 

the short-circuit point is 0.01 Ohm (purely active 

resistance). During the research, it was found that despite 

the almost complete inversion of currents in the steady-

state short circuit mode, at the very initial moment of the 

short circuit, the currents are directed to the point of the 

short circuit (see Fig. 9). The direction from the busbars 

to the line is taken as the positive direction of the 

currents. 

 

 
Fig. 9. Short-circuit currents at the K10 point (beginning 

of short-circuit at 330° voltage angles). 

 

It has also been found that when a short circuit 

occurs in the immediate vicinity of the SCB at the time 

when the phase voltage is "on the wave crest" (90° and 

270°), small harmonic distortions of currents are 

observed, both from the side of the uncompensated 

section and from the side of the series compensation 

device. While at angles other than the above-mentioned 

ones, this phenomenon is not observed. 

 

3.3 Study of the active power flows influence 
caused by the voltage difference at the ends of 
the power transmission line on the emergency 
mode parameters of the power transmission 
line equipped with a series compensation 
device 

 
To study the influence of active power flows, 

symmetrical three-phase short circuits were alternately 

simulated at points K0 - K21 with the following 

parameters: voltage of the three-phase sinusoidal voltage 

sources was taken 515 kV and 460 kV alternately to load 

the line with its rated current; the series compensation of 

inductive resistance: 100%; the difference in angles of 

the same phases in voltage: 0°; the transition resistance 

at the short-circuit point is 0.01 Ohm (purely active 

resistance). During the research, it was noticed that when 

the power is directed towards the series compensation 

device, a greater degree of antiphase of currents is 

observed at the very first moment rather than when the 

power is directed from the series compensation device 

(the greatest degree of antiphase is observed when the 

onset of a short circuit occurs when the phase voltage 

vector is in the range of angles 0 - 30°, 180 - 210°). At 

the same time, when a short circuit occurs in the 

immediate vicinity of the SCB at the time when the 

phase voltage is "on the wave crest" (90° and 270°), 

small harmonic distortions of currents are observed, both 

from the side of the uncompensated section and from the 

side of the series compensation device. 

 

3.4 Study of the active power flows influence 
caused by the voltage angle difference at the 
ends of the power transmission line on the 
emergency mode parameters of the power 
transmission line equipped with a series 
compensation device 

 

To study the influence of active power flows, 

symmetrical three-phase short circuits were alternately 

simulated at points K0 - K21 with the following 

parameters: the voltage of the three-phase sinusoidal 

voltage sources was the same and amounted to 500 kV; 

the series compensation of inductive resistance: 100%; 

to load the line with its rated current, the difference in 

the angles of the same phases in voltage was 6.1°, to 

load the line with a double rated current, the angle was 

equal to 12.2°; the transition resistance at the point of the 

short circuit was 0.01 Ohm, as in previous experiments 

(purely active resistance). During the research, it was 

found that with an angle difference of 12.2° (which 

corresponds to a double line current in terms of thermal 

resistance) and the direction of active power from the 

SCB to the short-circuit point at the very beginning of 

the transient process and throughout the steady-state, the 

currents are almost antiphase. On the contrary, with an 

angle difference of 12.2° and the direction of active 

power from the point of the short circuit to the SCB at 

the very beginning of the transient process, the currents 

are in-phase. Besides, with an angle difference of 12.2°, 

regardless of the direction of active power, the short-

circuit current at point K10 (K11) in the steady-state 

mode is less than the load current. 

 

Conclusion 
 

With that being said, the following conclusions can be 

drawn. 

1) With a compensation degree of 0%, at the 

beginning of a short circuit, there is an aperiodic 

component of the currents from both ends of the line. 
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2) With a compensation degree of 5%, a 

subsynchronous damped sinusoid appears on the 

capacitor side. The frequency of the subsynchronous 

sinusoid increases with an increase in the degree of 

series compensation. 

3) With a compensation degree of 20% or more, the 

frequency of the subsynchronous sinusoid becomes more 

than half of the power frequency, which is why the 

phenomenon of amplitude modulation begins to be 

observed. 

4) When the capacitance of the SCB is such that 

during a short circuit, the degree of compensation of the 

inductive resistance of the line section, located on the 

capacitor side relative to the short circuit is close to 

100%, the currents are at an angle of 90°, and the 

transient process on the capacitor side is accompanied by 

a symmetric exponential increase in amplitude. 

5) When the degree of compensation of the 

longitudinal inductive resistance of the damaged section 

of the power transmission line is more than 50%, the 

angles during a short circuit tend to 180° (i.e., a current 

inversion occurs). 

6) In the case of overcompensation, the transient 

process behavior is mirrored with respect to one hundred 

percent compensation of the damaged area: as 

overcompensation, the subsynchronous frequency begins 

to decrease. 

7) When the line is idling, at the very initial moment 

of the short circuit, currents flow to the short circuit 

point. 

8) When a short circuit occurs in the immediate 

vicinity of the SCB at the time when the phase voltage is 

"on the wave crest" (90° and 270°), small harmonic 

distortions of currents are observed, both from the side 

of the uncompensated section and from the side of the 

series compensation device. 

9) In the presence of a load and the direction of 

power towards the series compensation device, a greater 

degree of antiphase of currents is observed at the very 

first moment rather than when the power is directed from 

the series compensation device (the greatest degree of 

antiphase is observed when the onset of a short circuit 

occurs when the phase voltage vector is in the range of 

angles 0 - 30°, 180 - 210°). 

10) With a difference in the electromotive force 

angles of the sources equal to 12.2° (which corresponds 

to a double line current in terms of thermal resistance) 

and the direction of active power from the SCB to the 

short-circuit point at the very beginning of the transient 

process and throughout the steady-state, the currents are 

almost antiphase. 

11) With an angle difference of 12.2° and the 

direction of active power from the point of the short 

circuit to the SCB at the very beginning of the transient 

process, the currents are in-phase. 

12) With an angle difference of 12.2°, regardless of 

the direction of active power, the short-circuit current at 

point K3 in the steady-state mode is less than the load 

current. 
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