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Abstract

The cause of GIC and transformers failure is due to solar storm activities. Solar storms produce coronal mass ejection due to which
Earth’s magnetic field changes and because of it Geomagnetic induced current enters the power network and cause changes in real
and reactive power due to which voltage fluctuates and frequency of system changes. Utilization of reactive power consumption
is estimated by GIC and reactive power absorption by the core. Methods are used to determine the frequency and magnitude of the
harmonic currents generated by a saturated transformer due to GIC. Geomagnetic Induced Currents are to threat to power
transformers and power system. Effect of GIC is calculated by injecting DC currents into a three phase power transformer. A DC
source is placed between the secondary neutral terminal and the neutral point of the load. Simulation of GIC can be done with
simpower system to transient stability of power system under a geomagnetic disturbance (GMD).
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I. INTRODUCTION

Due to the interaction between the space weather and Earth’s magnetic field, current is produced which is known as Geomagnetic
induced current (GIC). This is due to the coronal mass ejections from the solar storm. The electro jet is produced by coronal mass
injection, which passes through the magnetosphere. This process of production of electro jet is called geomagnetic disturbance
(GMD).

Solar flare causes low frequency current to flow in Earth and on the transmission lines. This DC current flows in the system and
hence temperature of the winding increases. GIC are called as quasi dc currents which disrupt the normal working operation of the
power system and also cause damage to the equipment. Due to this, flux limit is exceeded and transformer core saturates.

Modeling, mitigating of geomagnetic induced current (GIC) on the power system is done by comparing actual system
measurements, transformer neutral current, and transformer losses. Power transformers, static var compensators (SVC), switched
capacitor bank suffer from GIC flow in the system.

Il. EFFECTS OF GIC ON POWER SYSTEM

Effect of GIC on the power system is on Static VAr Compensators, High Voltage Direct Current Transmission lines, transformers
and generators. GIC flows in the power system through transformer grounded neutral. As the magnetic flux through transformer
is proportional to the supply voltage. DC voltage will cause transformer core flux to increase.
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Fig. 1: Reactive Power consumption by transformer
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If residual flux in transformer exist in same direction as that of GIC then transformer will saturate earlier and when residual flux
is in opposition with GIC then saturation will be delayed. Due to this transformer draws large reactive power and harmonic in the
power system leading to power system instabilities and disturbances.
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Fig. 2: Flow of GIC in Power System

The transformer core saturation is dependent on the presence of DC flux in the system. Due to this increased magnetizing
current is drawn by transformer which results in greater core losses in the transformer and these losses result heating of
transformer core and metallic components because of flux leakage and this reduces the lifespan of a transformer .

I1l. PROTECTION

Power system can be protected from the impact of GIC in different ways, the GIC current should not be grounded in the system as
it will lead to misoperation of protective relays. Another way to protect the system from GIC is to use capacitor banks having low
impedance path to the harmonic currents from saturated transformers. Hence when overvoltage or overcurrent flow from capacitor
then the system is tripped.

IV. STATIC VAR COMPENSATORS

Static VAr Compensators (SVC) controls the bus voltage in power system by varying the reactance of the bus. This will improve
the system stability by regulating voltages at buses and maintaining the load voltages. GIC has effect on transmission lines and on
power transformers. When load on the transmission line increases then the reactive power consumed by the line increases with the
square of the line’s current. And to keep the line at rated voltage devices such as static var compensators (SVC).

When there is presence of GIC in the system then system is overloaded with reactive power consumption. And voltage of the
line drops and the capacitor banks are switched into the system to boost the voltage back to the rated value.

Capacitor banks are charged and discharged by the transmission lines which are connected to the system by breakers and relays.
Due to GIC transformer generates harmonics and it lead to improper triggering of the relays.

V. TRANSFORMER MODELLING

The main effect of GIC the saturation of transformers and damages to the equipments. To understand the effect of it the transformer

is model by core having core geometry and winding construction.
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Fig. 3: Transformer to block GIC

Transformer core is so design such that it operates in linear region but when GIC flows then its operating point is shifted to
nonlinear and saturation region.
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V1. MITIGATION OF GIC

Various methods to mitigate effect of GIC in the power system are Neutral blocking device, series capacitor in phase of the
transmission line also by installing semiconductor switching devices between the transformer neutral and ground, it prevent flow
of GIC in the line also it can be used for series compensation. When GIC is detected, the semiconductor GIC reducer (SGICR)
opens and closes the connection to ground at 1 kHz. The switching action reduces dc current but does not completely block it.

VII.WAYS TO MITIGATING

A. Disconnect Neutral

The way to block the GIC flow is to disconnect neutral from ground from where GIC current enters the network. When neutral
connections are not properly disconnected then it can lead to problem like voltage transients and faults problems especially under
single-phase-to-ground faults.

8. By Connecting Inductor at Neutral

Inductors at neutral is generally used to reduce the ground fault current. As the frequency of GIC is very low so inductor have little
effect of reducing GIC.

. By Connecting Resistance at Neutral

As resistance in neutral does not reduce the GIC flow in the network but in some amount it reduces the damage to equipment’s.

2. By Connecting Capacitor at Neutral

Capacitors are used at the neutral side to completely eliminate the flow of GIC in the power system.

Another way of mitigating GIC is to inject a DC current into transformer winding to cancel out the GIC. GIC induced magnetic
field and constant magnetic field developed by compensating winding should be in opposite in sign and equal in magnitude so as
to cancel it out.

GIC can be blocked by using capacitors, inserting series blocking capacitors directly into transmission lines but it is not feasible
because of the costs of high voltage capacitors. But when series capacitors are inserted for improving the system stability they can
block GIC. DC blocking capacitors on transformer neutrals can be installed to block the current.

1) Increase in Reactive Power Consumption
Due to GIC, transformer saturates and there is increase in reactive power consumption which disturb the system stability. When
flux in the transformer increases it is driven into saturation and causes harmonics in the exciting current.

The effect of the saturation of the transformer is depended on the increased transformer reactive power consumption. The level
of saturation in transformer depends on DC flux in the core and current in the windings.

VIIlI. MODELLING OF GEOMAGNETIC INDUCED CURRENT
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Fig. 4: Modeling of Geomagnetic Induced Current
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IX. SIMULATION OF GIC IN POWER SYSTEM
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Fig. 5: Simulation of GIC in Power System
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Fig. 7: Waveform When neutral current changes

X. CONCLUSION

GIC creates excess flux in transformer and current increases and hence transformer core saturates. As core saturates it lead

problems to power system like power system instability, blackout. Because of increase in current the heating loss the primary and
secondary windings may get burnt and damage.
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The power system can be protected from geomagnetic disturbance and induced current in the system by modeling and simulation
of power systems protecting. Various ways to mitigate the flow of GIC is to install GIC blocking devices, reactors at the neutral
side, capacitors.
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