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Geomagnetic Induced Current Measurement in
Hybrid PV-Wind System Transformers
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Abstract: Geo magnetically induced currents (GICs) can cause
saturation of the magnetic core of transformers in a power
system. This saturation can conduce to generating harmonic
currents, voltage-control problems and overheating of the
transformer internal components, leading to gas relay
alarm/operation and possible damage. In this work, GICs effects
have been analyzed on hybrid PV-wind system transformers. The
system implemented through using Power System Computer
Aided Design (PSCAD/EMTDC) platform and made up of 2.1
MW wind farm, 2 MW solar photovoltaic (PV) farm, power
storage system and load. Then the system is integrated with 33 kV
grids through a 480V AC bus and step-up wye/delta transformer.
In addition, Pi-section has been used between different parts of
the system. The GIC is modeled as a controlled DC voltage
source and inserted into the system through a neutral point of a
wind turbine (WT) transformer. The simulation results of
reactive power, voltage and current waveforms, and non-linear
behavior due to asymmetric saturation of the magnetic core in
the transformer due to 100 A GIC current injections are
obtained. Moreover, different GIC blocking devices have been
applied to mitigate or eliminate the flow of GIC to the system.

Keywords: Geo magnetically induced currents, Hybrid, PV and
Wind Turbine

I. INTRODUCTION

One of the most hazardous phenomena associated with
space weather and solar activities is geomagnetic-induced
currents (GIC) which is induced by the geoelectric field on
the surface of the Earth during geomagnetic disturbance
(GMD). This is a very low-frequency quasi-dc current (less
than 1 Hz) with typical amplitudes of 10-15 A and up to
100 A peak current for 1-2 min that flows along conductors
and modern technological infrastructures such as gas and oil
pipelines, phone cables, electric power transmission lines,
and railways [1-3]. Star-connected and neutrals grounded
transformers which are connected by transmission lines are
the most affected by such as induced current. Under the GIC
conditions the transformers create unusual even and odd
harmonics. These harmonics are able to triggering the relays
improperly, overheating the generators and transformers
windings and cores, which cause unstable. Operation of the
power system and might result in the long term damage of
the system components. When the GIC flows through the
transformer windings, the DC magnetic flux is
superimposed on the AC flux, so that the asymmetrical
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saturation occurs in magnetic cores of the transformers
(half-cycle saturation), and their consumption of reactive
power critically increases. Higher order harmonics will be
generated which leads to tripping static var compensator
(SVC) and shunt capacitors, and eventually may result in
voltage collapse. Moreover, the contributed harmonics
through the system affect the magnetization impedance and
the relative permittivity of the magnetic core of the
transformers significantly reduces. Furthermore, due to the
effects of eddy currents that are related to the appearance of
even harmonics and with increasing stray flux heat increases
in the tank and fittings [4-11]. Fig. 1 illustrates the flow of
the GIC which enter through neutrals grounded of the
transformers to the transmission line. To estimate the
geomagnetic disturbance impact on power systems needs to
simulate the GIC flowing in the power network. In this
paper, the GIC impacts on the grid-integrated hybrid PV-
wind system transformers will be analyzed by using
PSCAD/EMTDC software. Network topology, resistances,
and orientation have a significant impact on the generated
GIC by the geoelectric field [12].
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Fig. 1 The flow of GIC along the transmission line
between two transformers

Il. SYSTEM MODELING IN PSCAD

In this paper the hybrid system is carried out by using
PSCAD program; it comprises of 2.1 MW wind farm, power
storage, 2 MW PV farm, and load. The complete system is
linked to the 33 kV grid through step-up transformer; the
operation frequency of the system is set at 60 Hz. In
addition, Pi-section is used between various parts of the
hybrid system to represent the distance between them.

Published By:
Blue Eyes Intelligence Engineering
& Sciences Publication



Geomagnetic Induced Current Measurement in Hybrid Pv-Wind System Transformers

PV Farm Modeling Design

The PV farm consists of five units where each of them
produces 400 kW. The generated DC power of each unit is
converted to AC power by using a three-phase inverter that
can be fed to the grid or to operate nearby load. The inverter
is made up of the DC link capacitor, six insulated-gate
bipolar transistors (IGBT) switches, LCL filter, and inverter
control system. The current control technique is used to
design a grid-connected inverter control system. The
required parameters of a single unit PV system are presented
in Table. 1 [13-16].

Table. 1 Specifications of PV cell and inverters

Specifications of One Unit PV Module

Series connected modules per array 22
Parallel connected modules per 215
array

Series connected cells per module 60
Parallel connected cells per module 1
Temperature 25°C

Solar irradiation 1000 W/m?

Inverters Specifications

Switching frequency 3.6 kHz
Output voltage of inverter (line to line) 480 V
DC link capacitor 7800 pF
DC link voltage 780V

LCL Filter Specifications

Resistance of the filter (R) 2.6 Q
Capacitance of the filter (C1) 100 pF
Capacitance of the filter (C2) 200 pF
Inductance of the filter (L1) 1.25mH
Inductance of the filter (L2) 1.25mH
Inductance of the filter (L3) 6.25 mH

Power Storage System Modeling Design

Various renewable energy (RE) system applications need
energy storage in order to supply electrical energy during
poor weather conditions or dark hours, especially in stand-
alone ones of PV and WT systems. The most widely used
storage devices are lead-acid batteries, usually, they are
connected in the form of the battery bank and integrated to
the system with an appropriate storage capacity to match the
load demand when the RE sources cannot deliver enough
electrical power [17]. In this work, the power storage system
is implemented with the same program mentioned above
and it includes a battery, a DC-DC converter, and a DC-AC
inverter as illustrated in Fig. 2. During charging the battery,
the converter works as a buck and as a boost during the
discharging process [16]. The same inverter modeling
design of PV system is used to feed the battery system from
the AC bus during the charging process and vice versa
during discharging the battery.

Wind Farm Modeling Design

The wind farm with a capacity of 2.1 MW is implemented
by using WT (type 1) with a fixed-speed generator. The
generator is usually used to convert the produced
mechanical power to electrical power. In this work, a 690V
squirrel cage induction generator is employed with a
constant speed of the rotor and integrated directly to a grid
through the step-down transformer and 0.480 kV bus. The
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related models of wind energy, including mechanical and
electrical parts are provided by PSCAD library. The
specifications of WT and transformers are presented in
Table. 2. The output power of the WT system is calculated
based on equation 1[13, 14, and 18].

Table. 2 Specifications of WT and transformers

Specifications of WT and Induction Generator

Wind speed (v) 12 m/s

Air density (p) 1.23 kg/m?
Power coefficient (Cp) 04m
Rotor blade radius (r) 40m
Rotor area 5026 m?
Mechanical speed 314 [rad/s]
Efficiency of gearbox 0.97 pu
Wound rotor resistance of generator ~ 0.00607 pu
Rated power 2.1 [MVA]

Specifications of Transformers
Connection method AIY,Y/A
Voltage (line rms) 0.69/0.48 [kV],
0.48/33 [kV]

Rated power 100.0 [MVA],
100.0 [MVA]

Leakage reactance 0.15[p.u], 0.15
[p.u]

Copper losses 0.01 [p.u], 0.0

No-load losses Neglected

P =~ pAv3C, (1)

p= % x 1.23 x 5026 X 123 x 0.4 = 2.13 MW
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GIC Source Modeling Design

In this work, the GIC is achieved by simple feedback DC
source and connected to the neutral-to-ground point of WT
transformer, the required GIC current is set at 100 A. As can
be seen from Fig. 3, a root mean square (RMS) component
and P1 controller are used to filter out the harmonics from
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the measured dc component in the neutral connections.
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Fig. 3 GIC source in PSCAD/EMTDC

I1l. RESULTS AND DISCUSSION

Results without GIC

In this simulation case, the results are observed of the
hybrid system under steady-state condition without injection
of GIC to ensure the operation of the system under normal
condition. As it is illustrated in Figs. 4-6, the output voltage
and current waveforms are sinusoidal variations
symmetrical around zero and clean which do not have
harmonic distortion. In addition, the PV and WT systems are
operated within specified real and reactive power limits.
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Fig. 4 Current and voltage output of hybrid system
without GIC

The induction generator in a fixed speed WTs and
transformers consume the reactive power; thus, the reactive
power compensator such a capacitor bank needs to be linked
to the system that includes such a type of inductive loads to
correct the power factor. In this work, the capacitive load is
linked to the system to compensate the reactive power, as
illustrated in Fig. 5, the output power of the system is almost
close to 4.1 MW and reactive power is close to zero, means
that the system is operated at optimum efficiency.
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Fig. 5 Active and reactive power output of Hybrid
system without GIC

In terms of transformer flux-current characteristic, in a
steady-state condition, the flux in the transformer is in the
linear region and the magnetizing current is sinusoidal. In
this case, the accepted value and symmetrical around zero is
observed as can be seen from Fig. 6.
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Fig. 6 Magnetization curve of WT transformer at normal
operation without GIC

Results of GIC Effects without Mitigation Device

When a transformer is exposed to DC or low-frequency
currents such as GIC during normal operation condition, DC
flux is impressed in the transformer core and half-cycle
saturation takes place. The magnetizing current is neither
symmetrical nor sinusoidal with a DC offset and has
relatively large peaks of current on the negative or positive
side of the cycle not sinusoidal in both sides. As can be
noticed from Fig. 7, when GIC is injected to the hybrid
system through neutral of the WT transformer, the
secondary AC current in the WT transformer which is
connected to the 480 V bus is affected by GIC. The
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magnetizing current is increased to 153 kA compared to 7.0
kA peak under normal conditions without GIC as presented
in Fig. 7.
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Fig. 7 Current and voltage output of Hybrid system with
GIC

In addition, the reactive power of the hybrid system is
increased to about 36.61 MVAR as it is shown in Fig. 8
from 0.200 MVAR in Fig. 5. This is because when the GIC
is injected into the transformer, it will demand reactive
power from the system and place a strain on the AC voltage.
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Fig. 8 Active and reactive power output of Hybrid
system with GIC

Based on Fig. 9, the flux variation and its steady drift also
become more and more positive, and the transformer enters
to positive saturation region and half-cycle saturation when
the system is affected by GIC.
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Fig. 9 Magnetization curve of WT transformer with GIC
Results of GIC Effects with Mitigation Devices

In this case, different GIC blocking devices have been
applied and connected to the system in order to eliminate or
mitigate the GIC effects in the hybrid system. Three types
blocking devices such as 2.5 Q and 5 Q resistors [19], and
also 5 UF capacitor are connected in the neutral-to-ground
connection point of WT transformer where GIC injection
path in different simulation cases respectively as illustrated
in Fig. 10.
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Fig. 10 Schematic of a GIC blocking devices in a transformer neutral

As can be seen from the obtained results in Figs. 11a and
12a, the GIC effects are reduced when 2.5 Q blocking
resistor is connected between the neutral-to-ground
connection point of the WT transformer, however, some
effects still exist as can be noticed from waveforms and
transformer still consumes reactive power. For 5 Q blocking
resistor connection, the GIC effects are reduced more and
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better results are obtained as presented in Figs. 11b and 12b.
The best results are obtained in this case when the capacitor
blocking device is connected in the GIC path Figs. 11c¢ and
12c; this is because the capacitor blocks all DC currents.
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Fig. 11 Current, voltage and power outputs of Hybrid system with GIC when (a): 2.5 Q; (b): 5 Q; and (¢c): 5 pF
capacitor blocking devices are applied

Published By:

Retrieval Number: D5148118419/2019GBEIESP Blue Eyes Intelligence Engineering
6406 & Sciences Publication

DOI:10.35940/ijrte.D5148.118419 ExPioTnD e



International Journal of Recent Technology and Engineering (IJRTE)

ISSN: 2277-3878, Volume-8 Issue-4, November 2019

X Coordinate: ¥ Coondinate: X Coordinate: ¥ Coordinate: X Coordinaie: ¥ Coordinate
= fring Curent = = izrg Cureri L™ = ieing Clareri = Fux
00015 Sy y oy
0omo- nomo4
00010 +
0.0005 0.0005-
0.0005 +
o.0000 = . o000 - * 0.omo-= R
-0.0005 +
00005+ noms
00010
00010+ 00010+
000151 : \ : o . . . | | | x i ! | | | | | - J— ! | i
A0 60 40 20 00 20 40 60 80 60 40 20 0 20 40 &0 40 30 20 40 00 10 20 30 40

Fig. 12 Magnetization curve of WT transformer with GIC when (a): 2.5 Q; (b): 5 Q; and
(c): 5 uF capacitor blocking devices are applied

IV. CONCLUSIONS

In this work, the effects of GIC on hybrid PV-wind
system transformers were analyzed by using the
PSCAD/EMTDC platform. The results have been obtained
for different GIC effects analysis. At normal operation of
the hybrid system without GIC, the current and voltage
waveforms of the system output were clean and symmetrical
around zero (linear operation). In addition, symmetrical flux
and magnetizing current of the magnetic cores in the WT
transformer are also observed. It is found that, when GIC is
injected into the system through the neutral point of WT
transformer, the magnetic cores in the WT transformer are
saturated asymmetrically (Half-cycle saturation).
Consequently, the magnitude of the output current of hybrid
system has increased in the positive region which hence
leads to the in increasing reactive power drastically. After
the GIC blocking devices have been connected between the
neutral-to-ground connection points of the WT transformer,
the GIC effects have been mitigated. The best result in terms
of mitigation has been obtained when 5 pF capacitor
blocking device is connected between neutral-to-ground.
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