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Abstract. In today’s world, everyone is tried to make the system faster. To make the
system faster, power electronics devices play an important role. The normal industry
possesses 80% of inductive load and has a lagging power factor. The use of electronic
equipment in the system causes power quality disturbances. The electricity demand is
increasing day by day and it is necessary to serve power with low losses. To overcome
this situation switched capacitors are used in the system. But during the switching of
capacitors transients are produced in the system and leads to the failure of power
electronic equipment. The proposed paper focused on capacitor bank protection against
switching transients.
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1 Introduction

The electricity demand is increasing nowadays and it is a challenge to serve generated
power more effectively and efficiently with low losses. In other words, it is important to
improve power quality at the consumer end. The capacitor plays a vital role in power quality
improvement. For smooth operation of power system it is necessary to connect or disconnect
capacitor bank as per power quality issues, this is possible with the automation only.

When this operation takes place or when the capacitor bank came into operation, it creates
switching transients and may lead to failure/damage of highly sensible devices at the
consumer end. We cannot avoid the role of power electronics devices which are responsible
for the fast operation of the system. So the detailed study of capacitor bank protection against
switching transients is proposed in this paper.

The static reactive power can be compensated with the help of switched capacitor banks
at the sub-transmission or distribution level. By utilization of capacitor bank, power losses are
minimized and power quality improved. [1][2]
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2 Capacitor Switching Technique:

The Capacitor is formed by separating the two plates of conducting material by a
dielectric medium, and which is capable to store, and gives electrical output as a charge. the
various operations that take place in the power grid are responsible for transient voltages and
currents. the sudden opening or closing of the circuit breaker changes the circuit parameters
and this is responsible to change the values of the current and voltage. All the transients in the
power system are seen due to the making and breaking of the contacts of electric components,
insertion of energy in the grid, lightning stroke, and static discharge.

The capacitor bank switching at the consumer end is the traditional operation and that
may cause the occurrence of transient current and voltage. However, there may be a possibility
that the low-frequency transients become severe transients if an end-user has a power factor
correction unit, power electronics load, or drives. In other words, the capacitor switching
causes damage to customers' equipment like the abnormal operation of speed drives or
production lines, malfunction in current or voltage surge protector, a communication network,
and results in power quality disturbances.

3 Capacitor Bank Switching Transients:

The capacitor voltage is not changed immediately since the switching on of a capacitor,
the voltage appeared at the terminals is zero. Activation of a capacitor bank affects the system
voltage and instantaneously voltage is dropped toward zero to attempt fast voltage recovery
and finally, a fluctuating voltage overlap/affects the system frequency. During the immediate
activation or under abnormal conditions the observed voltage is 2 times larger than the regular
peak voltage. it means that the voltage peak value is associated with instantaneous system

voltage. At the distribution level, the overvoltage value varies from 1.1 to 1.6pu.
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Fig.1. Switching Transient
The current drawn by the electric equipment during energization is called the Inrush
current. When the supply is on, the current is set into the circuit, this current attempts the peak
value and is greater than the normal operating current value. Then the current value decreases
gradually and sets up to its normal value. if the equipment is operated with inrush current it
may be overheated and breakdown takes place. this failure depends on the value of inrush
current and duration.
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Fig.2. Inrush current production
After insertion of the capacitor bank, when it energized the first time the value of the
inrush current is greater than the normal value. This is due to the high initial current drawn by
the capacitor for charging. To limit this initial current fuses and circuit breakers are used.
A transient is a phenomenon that is generally seen by abnormal operations of the power
system, which concludes into a negative impact on the consumer. The abnormal operations
of the power system include lightning strokes, various faults, and switching operations, etc.

The common causes for the production of Inrush Current in the power system are,
e Transformer impedance, high distance cable lay.
e Low response of the power factor correction unit.
e High nonlinear loads or increased use of power electronic devices.
e frequently transformer switching.
e frequently capacitor bank switching.
Due to all the above reasons, the production of inrush current takes place and is harmful
to the power system and its equipment. The common effects are,
e Heating of the power system equipment.
e Increased losses.
e Decreases the efficiency of the system.
e Abnormal operation of the equipment which results in shut down or
maintenance.

4 Capacitor Bank Protection Techniques:

4.1 Insertion of resistance

The insertion of resistance in between the system and capacitor banks is one of the
common methods is used to protect the bank. capacitor bank plays a vital role to improve
power factor and power quality. During the switching of the capacitor bank, the excessive
voltage is dropped in the resistor. And the system is isolated from power quality issues. To
maintain the power factor and avoiding the penalty from system utility the capacitor banks are
used. The insertion of the resistor prevents the capacitor bank damage as well as the nearby
connected equipment. [3][4][5]

4.2 Protection against transients

Most of the industry possesses inductive load. So the poor power factor and power loss
are generally seen at this load. To improve the power factor and reduction of losses the



capacitor banks are inserted. But during the capacitor bank energization, switching transients
have occurred. These transients will affect the nearby connected equipment. By using the
reactor we can limit the transient values within the permissible limit. [6]

4.3 Protection against overvoltage

The protection of the capacitor bank against overvoltage is required to avoid permanent
damage to the bank. The abnormal conditions or faults may result in overvoltage. This will
affect the thin conducting material of the capacitor bank. To avoid internal failure of the
capacitor bank resistance or reactances are used to suppress the overvoltage. [7]

4.4 Current limiting reactors(CLR)

The reactor is one of the best solutions to limit the voltage and current transients. The
Reactor is formed by a coil with a large number of turns and has a high value of resistance.
The reactors also limit the value of the short circuit current by which the power system
equipment gets protected. The reactors also help to protect the circuit breakers with various
ratings used in the power system. According to the strength of the circuit breaker, it is capable
to limit the value of the short circuit current. During the modification of the power system, if
we don’t want to replace the existing circuit breaker, we can put a reactor of proper rating
which saves time and money.

5 Conclusion

To reduce the power loss and improve the power quality, the capacitor banks are
introduced at the consumer end. Meanwhile, it maintains the system's stability. During the
switching operation of the capacitor bank, the generated transients are suppressed by
introducing a reactor or resistor into the system. The current limiting reactor is one of the best
solutions to control switching transients during capacitor bank operation. In this paper, the
economical growth, as well as the efficient way of capacitor bank utilization, is considered.
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