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Abstract—In the paper, it presents the increase of power
factor and reduces the problems of power quality such as
the effect of generating capacitor bank switching transient
overvoltages on the power system network side. Among
this problem, the effects of generating transients and
controlling the transients using the various mitigating
techniques are used to control the transients in a specific
distribution feeder line and also calculate the
mathematical computations of quantities such as peak
transient overvoltages, high-frequency inrush currents
occur in each case. Mitigating values in each case is
compared to other cases using MATLAB/Simulink
Software.
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l. INTRODUCTION

The generation of transients is inevitable in the power system
network both in the generation side as well as the distribution
side. These transients are produced during the switching
operations of the circuit breakers. By switching operations of
capacitors, high-frequency transients are produced with large
magnitudes in small intervals of time. Normally these
capacitor banks are shunt connected in a 3phase system. The
opening and closing timings of capacitor banks decide the
magnitude of the peaks both in current and voltage.

A distribution system is considered where the capacitor banks
are required to the power factor was improved of the loads.
That, in turn, improves the voltage and current of the system.
The inherent presence of system inductance and incoming
capacitance contribute to the high-frequency transient in
switching operations. These transients are mitigated by using
some controlling techniques such as pre-insertion resistor, pre-
insertion inductor, and pre-insertion impedance methods.
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A distribution system is considered for study simulated
separately for VCB switch was open and closed cases. Along
with above some mitigation techniques are also simulated and
studied.

Il.  BASIC CONCEPT OF ENERGIZING CAPACITOR

BANK SWITCHING TRANSIENTS

Fig.1 shows a single line circuit of the generating capacitor
bank switching transient. This circuit will be connected to the
distribution side feeder line and used in the utility consumer
side. The network provides a visionary introduction about the
Energization CBS transients. Rs and Ls represent the
resistance and inductance of source with a frequency of 60 Hz
and also shunt capacitors are used. In this circuit, the load is
connected after the VCB switch.

Equivalent Circuit

Vik

Fig .1.Single line diagram of capacitor bank switching transient
Where:
f = frequency in Hz.
L =source inductance, H.
C = capacitance of the capacitor bank, F.
Vpk = peak voltage.
Ipk = peak inrush current.
Z0 =Surge impedance.
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I1l.  SYSTEM SYSTEM CIRCUIT REPRESENTATION

Fig 2: simulation of the Energization of capacitor bank switching.

These values are used to simulate the circuit using
MATLAB/Simulink software and the values used in the model are
resistance, reactance, and capacitance. These values are important
which are used in the three-phase shunt Capacitor bank, connected in
shunt with the feeder line with a frequency of 60 Hz. The capacitor
bank produces a high magnitude of transient overvoltages and inrush
currents.
Table -1 circuit data

Parameters Values
Source 110 kV
Distribution transformer 110/22 kV
Load P=10MW; Q=6.197 MVAr
Power factor 0.85p.f
Capacitor banks 900 KVAr; 1400 KVAr
2.9MVAr

In order to study the effect of the energization of capacitor
banks a three-phase circuit is considered shown in fig 3.
Switch closing and opening of the capacitor bank is made to
observe the transients generation. The given circuit diagram is
simulated in MATLAB simulation software. A scenario of
energization produces transients of larger magnitudes than the
de-energization.

IV. EXPERIMENT AND RESULT OF GENERATING
CAPACITOR BANK SWITCHING TRANSIENT OVER
VOLTAGES

In order to study the effect of the energization of capacitor
banks a three-phase circuit is considered shown in fig 3.
Switch closing and opening of the capacitor bank is made to
observe the transients generation. The given circuit diagram is
simulated in MATLAB simulation software. A scenario of
energization produces transients of larger magnitudes than the
de-energization.
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A. Capacitor bank Energization

The base case circuit diagram is shown in Fig.2 When the
capacitor bank starts, energizing voltage is pulled to zero or
voltage is overshoot or rebound complete and the switch will
get closed. At that time the high magnitude peak transient
overvoltages (2.5P.u) and high-frequency peak inrush current
(2.7 KA) will produce but at phase A high transients and high
inrush currents occurs and closing of switch happens at 6.5ms.

Base case energlzation clrcult

0.28

0.08

Time (seconds)

Fig. 3(b).Inrush currents during energization

Table -2 Transients are observed Energization of Capacitor bank at
phase A Voltage and Current

Phase A Maximum Peak observed
near the capacitor bank
when the switch at t=peak

voltages 248 P.U

current 2567 A

B. Capacitor bank De-Energization

In the second case of the circuit, the shunt capacitor bank is
opened in the feeder line. A capacitor bank is de-energized at
time 0.05s. So produced transient overvoltages and inrush
currents of phase A peaks are observed as 1.9246 P.U and
802.8 A respectively.

Voltage

Fig. 4(a). Transient overvoltages produced during De- Energization
of shunt Capacitor banks
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4 de energization capacior bank

Fig .4(b).Inrush currents during de-energization

Table -3 Transients are observed De-Energization of Capacitor bank
at phase A Voltage and Current

Phase A Maximum Peak observed
near the capacitor bank when
the switch at t=peak
Voltages 1.9246 P.U
current 802.8 A

Fig. 4(a) shows the transient overvoltages during de-
energization of shunt Capacitor banks. Its value is observed as
1.9246 PU and also the inrush current 802.8 A is observed
from fig 4(b).

V. EXPERIMENT AND RESULT OF CONTROLLING
CAPACITOR BANK SWITCHING TRANSIENTS

A. Controlling technique by pre-insertion resistor

Case -1: Capacitor bank Energization

This is an old classic method that effectively reduces the high
magnitude of the transient’s overvoltages and high frequency
of inrush currents. During capacitor bank energization a pre-
insertion resistor is connected in series with the capacitor
bank. In the case of the three-phase system, three resistors are
connected in series to three phases of a capacitor bank. In this
case, an additional switch is used to disconnect the resistor in
one-quarter of a cycle after the energization of the bank.

An additional switch is closed at 0.25s, as a result, the resistor
was disconnected from the circuit which reduces the steady-
state losses.

Time (second:

Fig .5 (a). the voltage at the controlled Energization capacitor bank
using the Pre-insertion resistor

Fig.5 (b).current at the controlled Energization capacitor bank using
the Pre-insertion resistor

Table -4 Transients are observed Energization of Capacitor bank at
the Phase A Voltage and Current in pre-insertion resistor switched
into the capacitor bank

Phase A Maximum Peak observed
near the capacitor bank
when the switch at t=peak
Voltage 148 P.U
current 1775.23
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In figure 5(a) transient overvoltage peak of phase A was
observed 1.48 KV and in fig 5(b) the inrush current peak of
phase A, 1775.63 A was observed.

B. Controlling technique by pre-insertion resistor

Case 2: Capacitor bank De- Energization

This is an old classic method that effectively reduces the high
magnitude of the transient’s overvoltages and high frequency
of inrush currents. During capacitor bank energization a pre-
insertion resistor is connected in series with the capacitor
bank. In the case of the three-phase system, three resistors are
connected in series to three phases of a capacitor bank. In this
case, an additional switch is used to disconnect the resistor in
one-quarter of a cycle after the energization of the bank. An
additional switch is closed at 0.25s, as a result, the resistor was
disconnected from the circuit which reduces the steady-state
losses.

o wis 01 728
Time (seconds)

"o 0.05

Fig. 6(a).voltage at the controlled De- Energization capacitor bank
using the Pre-insertion resistor
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Fig.6 (b).current at the controlled DE-Energization capacitor bank
using the Pre-insertion resistor

Table -4 Transient Magnitudes Observed the Energization of
capacitor bank using at the Phase A voltage& current in pre-insertion
resistor are switched into the Capacitor bank.

The maximum peak observed near
the capacitor bank when switched

Phase A at t=peak
Voltage (phase A) 1.0pu
Current (phase A) 1.414kA

In figure 6(a) transient overvoltage peak of phase A was
observed 1.0 KV and in fig 6 (b) the inrush current peak of
phase A, 1.414 KA was observed.

C. Controlling technique by current limiting reactors

Case 3: Capacitor bank Energization

The current limiting reactor is connected in series with a
capacitor bank. This reactor can effectively reduce the peak
value of inrush current (1.5 KA) but can't change instantly and
also reduce transient overvoltages.

Current limiting reactor cloved circult
15

-

§

NN

16

3 ] s 02
Time (seconds)

Fig.7 (a). Voltages at the when capacitor bank
with the current limiting.

t

Fig.7 (b). Inrush current at the when capacitor bank energizing it
along with the current limiting.

energizing it along

..... i Bk o b cloc

Table -5 Transient Observed Energization of capacitor bank at the
phase A voltage and current in current limiting reactor switched long
the capacitor bank

Phase A The maximum peak observed
near the Capacitor bank when
the switch at t=peak
Voltage 1.45P.U
Current 15 KA

Fig.7 (a) and Fig. 7(b) show the Current limiting reactor
of controlling the high magnitude transient overvoltages (1.45
P.u). The pre-insertion resistor reduces the transient
overvoltages more than a current limiting reactor and high-
frequency inrush currents (1.5 KA) will get reduced by the
current limiting reactor more compared to the pre-insertion
resistor.

D. Controlling technique by current limiting reactors

Case 4: Capacitor bank De- Energization

The current limiting reactor is connected in series with a
capacitor bank. This reactor can effectively reduce the peak
value of inrush current (1.0 KA) but can't change instantly and
also reduce transient overvoltages.

Current limiting reactor spes switc

Voltagerp.u)

o
Timme (seconds)

Fig. 8(a).Voltages at the when capacitor bank de-energizing it along
with the current limiting.

Current limiting reactor open circnli

Fig. 8(b). Inrush current at the when the capacitor bank
de-energizing it along with the current limiting.

Table -6 Transient Magnitudes Observed when capacitor bank DE-
Energizing at the Phase A voltage&current in the current limiting

reactor.
The maximum peak observed
near the capacitor bank when
Phase A switched at t=peak
Voltage (phase A) 1.39p.u
Current (phase A) 1.0 KA
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Fig.8 (a) and Fig. 8(b) show the Current limiting reactor of
controlling the high magnitude transient overvoltages
(1.39P.u). The pre-insertion resistor reduces the transient
overvoltages more than a current limiting reactor and high-
frequency inrush currents (1.0 KA) will get reduced by the
current limiting reactor more compared to the pre-insertion
resistor.

E. Controlling technique by the surge arrester

Case 5: Capacitor bank Energization

Surge arresters are considered in controlling the transient
overvoltages and inrush currents providing primary protection.
The MOV gapless type arresters do not discharge the capacitor
bank switching and these are connected across the capacitor
bank phase to phase and phase to neutral.

Fig. 9(a). Voltages at the controlled Energization of capacitor bank

Phase A The maximum peak observed near
the capacitor bank when switched
att=peak
Voltage (phase A) 0.6 p.u
Current (phase A) 1.1A

used in the surge arrester.

Surge arresters phase-phase closed circalt

[T ws (5 ]
Time (seconds)

Fig .9(b).Current at the controlled Energization of capacitor bank
used in the surge arrester.

Table -7 Transient Observed Energization of capacitor bank at the
phase A voltage and current in surge arresters connected Phase-Phase
in the capacitor bank

The surge, arresters reduces the high magnitude of transient
overvoltages shown in fig .9(a) with transient overvoltage
value (0.8 P.U) and in fig.9 (b) high frequency of inrush
currents (1.1 KA) connected in phase to phase.
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F. Controlling technique by the surge arrester

Case 6: Capacitor bank Energization
Surge arresters are considered in controlling the transient
overvoltages and inrush currents providing primary protection.
The MOV gapless type arresters do not discharge the capacitor
bank switching and these are connected across the capacitor
bank phase to phase and phase to neutral.

Surge arresters phase-phase open circuit

Voltageip.u)

Time (seconds)

Fig .10(a). Voltages at the controlled DE- Energization of
capacitor bank using the surge arresters

Surge arresters phase-phase open circuit

Fig .10(b). Current at the controlled DE- Energization of
capacitor bank using the surge arrester.

Table -8 Transient Observed DE-Energization of capacitor bank at
the phase A voltage and current in surge arresters connected Phase-
Neutral in the capacitor bank

Phase A The maximum peak observed
near the Capacitor bank when
the switch at t=peak
Voltage 0.8P.U
Current 1.1KA
VI. CONCLUSION

In this paper, the main purpose is to identify the effects and
causes of transient overvoltages and methods for solving the
transients and the energization of CBS is the most important to
initiate the transients. The generation of peak transient
overvoltages and inrush currents are produced in this case, the
switch will get closed at the peak value of TOV 2.5p.u and
inrush current 2.7 KA. In order to reduce these peak values,
some controlling techniques are used, which are a pre-



International Journal of Engineering Applied Sciences and Technology, 2019
Vol. 4, Issue 7, ISSN No. 2455-2143, Pages 113-118
Published Online November 2019 in IJEAST (http://www.ijeast.com)

insertion resistor, Current limiting reactor, and surge arresters.
In this pre-insertion resistor controls the high magnitude
overvoltages and high-frequency currents. But if transients
produce in second’s, the pre-insertion resistor doesn’t respond
instantly and damage of equipment happens, this can be
overcome by Current limiting reactors which effectively
reduces the inrush currents but the cost is high, but it takes few
seconds. The surge arresters provide the protection of the
primary side and it responds in a fraction of seconds and it is
most efficient and the cost is very low. So surge arresters are
used in controlling the generation of transient overvoltages.
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