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Abstract

As soon as the load voltage is restored by the compensators the flux linkage isidriven to magnetic saturation level
and hence a severe inrush current starts to flow. Due to this the critical load gets restricted by the voltage sag when
the compensator is deferred by its won over current protection and finally the compensation goes unsuccessful.
Therefore | am hereby proposing a mitigation technique for inrush eurrent together with voltage sag compensator by
the use of Pl controller with it. Hereby to validateithe approach the, basic operating principles of the proposed
methods are specially presented and simulations-are also shown.

Keywords
PI controller, Inrush current, Compensator

1. ANALYTICAL ANALYSIS OF INRUSH CURRENT OF TRANSFORMER

Energization of unloaded transformersiesults magnetizing inrush current (1C) with high amplitude. These currents
have many unfavorable effects, including operationfand failure of transformer differential protection, deterioration
of the insulation and mechanical support structure of windings and reduced power quality of the system. On the
voltage wave producing high inrush current peak without controlled switching the energization may occur at any
time, when the transformergeore_is_driven into saturation. Power transformer is one of the vital components of
electric power. systems that require the protective relays with good features like very high security, dependability,
and speed of operation. But the magnetizing inrush current can cause the false tripping of the differential relay as it
is often generated when the transformer is energized, therefore reduction of inrush current become important. Some
methods have been discussed to reduce inrush current. Pre-insertion of series resistors and synchronous closing of
circuit breakers are examples of the available mitigation techniques. A neutral resistor based scheme for mitigating
inrush currents was proposed in some papers.
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Table 1 - Various method comparisons

Method Positive max current (pu) Negative min current (pu)

Normal 5.96 -5.24
A. With pre-resistor 5.05 -4.91
B. With capacitor 4.95 -4.2
C. Capacitor& pre- resistor 4.19 -3.82
D. Auxiliary load 4.78 -2.39
E. Auxiliary load &capacitor 3.2 -2.72
F. Auxiliary load & capacitor & pre- Resistor 2.89 -2.48
G. Best time of switching 1.08 -1.01
H. Asynchronous 1 ]

2. METHODOLOGY

Issues related to power quality have been a serious topic over past-few. yearsyTherefore(the manufacturers get
affected by any event of power quality in the utility grid. According to recards92%- of the'pewer quality issues are
caused by voltage sag, transients, and momentary interruptions. Voltage sags are, the reason why the critical loads
are often interspersed resulting insubstantial productivity losses. As a solutionjto this problem voltage sag
compensators has been proved to be one of the mast economic¢ one in industries and most of the compensators are
able to restore the voltage within a quarter, of cyele. Nevertheless, before the restoration of voltage the load
transformer is released under the deformed voltages and the magnetic flux,deviation is established within the load
transformers. After the load voltage gets restored,\the flux may deviate further beyond the saturation knee of the
core and significant inrush currentfis theyresult. This inkush current can easily trigger protection of the compensator
and the compensation fails. Woltage sag compénsator basically,has a coupling transformer which is connected is
series and a three-phase voltage-source inverter. T.0 achieve high operating efficiency under normal condition in grid
the compensator is bypassed by the thyristors.“Theyvoltage sag compensator is supposed to injects the required
compensation voltage through the coupling transformer when the voltage appears across the critical load to protect it
from gettingdnterspersed. Controlling ‘phase angle‘or actively controlling the transformer current and the voltage
magnitude are some of the techniques used to mitigate transformer inrush and many more techniques are introduced
for the same. These methods are not suitable for voltage sag compensators that demands the precise point on wave
restoration_ofithe doad andithese.methods can also effortlessly change the waveforms of output voltage of the
converter. The integrated conventional closed-loop control mitigation technique on the load voltage is presented
here. This integrated control can affluently mitigate the inrush current of load transformers and the robustness of the

sag compensator system and disturbance rejection capability is enhanced.

2.1 phase locked loop

The basic PLL block diagram is shown in the figure below. It is basically a flip flop which consists of a phase
detector, a low pass filter (LPF),and a VVoltage Controlled Oscillator (VCO).
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PLL Block Diagram
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Figure 2.1Block Diagram - Phase Locked Loops

2.2 Pl Controller

Pl-controller  u=Kp*(e + 1/tau_l"int(e))

To Workspaced
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n the error is negative (t > ts)! Which is impossible, therefore a

been included in the actuator block, shown in figure 3.6.3. The block is set at Max = Q_R

3.1 SIMULINK or mitigation of inrush current

When a three phase source is connected to non linear load via transmission channel without any mitigation circuit

then there are harmonics created which causes inrush current in the load transformer. It can be seen in the
waveforms obtained below:
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Figure 3.1SIMULINK model of transmission line connected to load without anyinrush mitigation.

In the shown SIMULINK a three phase source is coupled to bus Bi which is linked to the transmission line to a
transformer which is supplying power to the non linear load through a rectifier which is'converting the AC voltage
to DC. A bus B2 is coupled to the load side. The three phase source is having 220 V, 60 Hz.

The waveforms of the source voltage and current are shown below.

D= oo
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Figure 3.2.Waveform of the'source & load voltage when the circuit breaker is not connected.

Once the circuit breaken.issClosed, non linear load gets linked to the circuit after 0.2 seconds due to which the

harmonics are generated which are causing the deformation in the waveform as revealed in figure below.
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Figure 3.3.Waveform of the source current when circuit breakenis closed at 0.2 sec without mitigating inrush current.
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Figure3.4.Load current waveform when circuit breaker is closed at 0.2 sec without mitigating inrush current.
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