National Conference on Emerging Trends in Computer, Electrical & Electronics (ETCEE-2015)
International Journal of Advance Engineering and Research Development (IJAERD)
e-ISSN: 2348 - 4470 , print-ISSN:2348-6406,Impact Factor:3.134

Sub Synchronous Resonance Mitigation in Series
Compensated Wind Farm Using Facts Device

Janki Panchasara®, Hitesh Khunt?,

L2pepartment Of Electrical Engineering Aits ,Rajkot

yankipanchasara@gmail.com
hrkhunt@aits.edu.in

Abstract— Series capacitor compensation is used for increasing
power transfer capability of the existing transmission line. But
due to series capacitor compensation sub synchronous resonance
is introduced. The Sub-synchronous resonance (SSR) is the
phenomenon which is caused by the series capacitor. Due to SSR
two shaft failures was occurred at Mohave unit in 1970 and 1971.
To mitigate SSR phenomenon many FACTS controllers is used

to mitigate SSR effects. Among all facts controllers GCSC is used.

The gate-controlled series capacitor (GCSC) is a FACTS device
proposed initially for series compensation of transmission line to
control power flow. The simulation is done in matlab software
using simulink and sim power system toolbox. Here the IEEE
SBM model is used to analyze the SSR.

Keywords— Flexible ac transmission systems (FACTS), Self-
excited induction generator (SEIG), series compensation, Gate
controlled series capacitor, sub synchronous resonance (SSR),
wind power systems.

I. INTRODUCTION

Environmental pollution and shortage of conventional
fossil fuel are the two major concerns which have led to the
global emergence of wind energy as an effective means of
power production[z]' Wind generating capacities have
increased from negligible levels in the early 1990s to more
than 50 GW today. This shift to wind energy will inevitably
lead to large wind turbine generators (WTGs) being
integratedinto electric power grids. It will be further necessary
to transmit the generated power through transmission
networks that can sustain large power flows. It is well known
that series compensation is an effective means of increasing
power transfer capability of an existing transmission network.
However, series compensation is shown to cause a highly
detrimental phenomenon called sub synchronous resonance in
electrical networks.®!

The oscillation covers a wide frequency range
approximately from 0.001 Hz to 50 MHz. Due to transient
disturbance, generator speeds up causing rotor angle to
increase resulting in the development of varying torque. This
varying torque develops the varying stresses on the T-G shaft,
which leads to damage of the shaft and may reduce life of T-G
set. Some techniques to mitigate SSR with FACTS devices
can be found in the literature. These techniques can provide

controllable series compensation and reduce or even eliminate
the effects of the SSR

Flexible ac transmission systems (FACTS) can provide an
effective solution to alleviate SSR and thyristor-based FACTS
controllers have been employed in the field for this purpose.
Wind turbines are subject to mechanical modes of vibrations
related to turbine blades, shaft, gear train, tower, etc. In the
case of wind turbine generators operating radially on the end
of a series-compensated transmission line, there is the
potential for induction-machine self-excitation SSR.1*!

The main motivation behind this work is to utilize
thyristor-based FACTS devices for mitigation of SSR. The
FACTS devices may be already installed for achieving other
objectives and SSR damping function can be additionally
included, or the FACTS devices can be exclusively connected
for mitigating SSR.

In this paper gate controlled series capacitor is used as
mitigation device. The gate-controlled series capacitor
(GCSC) is a FACTS device proposed initially for series
compensation of transmission line to control power flow. The
benefits and the advantages presented by the GCSC in the
control of power flow in a transmission system have already
been presented. On the other hand, it has the key advantage of
being a much simp ler device.

The main objective of this work is to present a more detailed
investigation on the capability of the GCSC to mitigate SSR
and electromechanical oscillation. This investigation was done
based on the IEEE Second Benchmark Model.

Il. SUBSYNCHRONOUS RESONANCE

Sub synchronous resonance is an electric power system
condition where the electric network exchanges energy with a
turbine generator at one or more of the natural frequencies of
the combined system below the synchronous frequency of the
system[”’ Due to the interaction between the electrical power
system and turbo-generator mechanical system, the sub
synchronous oscillations can be sustained and amplified.

In general the series capacitor compensated transmission
system is more complex and will result in many sub
synchronous frequencies (fer). Each of these frequencies are
definable by an equation similar to the equation given above
with the appropriate change in data,



National Conference on Emerging Trends in Computer, Electrical & Electronics (ETCEE-2015)
International Journal of Advance Engineering and Research Development (IJAERD)
e-ISSN: 2348 - 4470 , print-ISSN:2348-6406,Impact Factor:3.134

Xg Xc
SERIES
CAPACITOR

INFINITE
TRANSMISSION Bus
LINE

Fig. 1 Turbine Generator Compensated System

fer = electrical systemresonant frequency

f, =synchronous frequency

X”=sub transient reactance of the generator
Xe = inductive reactance of transmission line
Xt = leakage reactance of transformer

f,= induced rotor current frequency

Currents of resonant frequency (fe;) in the electrical system
give rise to rotor current of frequency f; as indicated in the
equation given below.

fi=fot fy

A balanced three phase set of armature currents at resonant
frequency produces a rotating magnetic field in the
synchronous machine. The time distribution of the phase
currents together with the space distribution of the armature
winding causes rotation at an angular frequency of 2nfer. The
frequency of rotor body currents induced by this field is
governed by the relative velocity between the armature field
and the rotor. Positive sequence components of stator current
produce rotor current at sub synchronous frequency f, = fg - fe;.
Negative sequence components of the stator current produce
rotor current at super synchronous frequency f, =fy + fe,.

As the rotor magnetic field overtakes the more slowly
rotating sub synchronous mmf in the armature, it produces a
sub synchronous torque having a frequency which is the
difference between the electrical frequency corresponding
rotor average speed (fy) and the electrical sub synchronous
frequency (fer). The sub synchronous electrical frequency and
sub synchronous torque frequency (fp . for) are said to be
complimentary because they add to unity, when expressed in
per unit synchronous frequency (fo).

A.  Self Excitation

In a power system employing series capacitor
compensated transmission line, the electrical sub-synchronous
currents entering the generator terminals produces sub-
synchronous terminal voltage components. These voltage
components may sustain the currents to produce the effect that
is called self excitation. There are two types of self excitation:
one involving electrical dynamics and the other involving both
electrical and mechanical turbine generator dynamics,

accordingly to resonance phenomena can be classified into
two categories:
1) Induction Generator Effect
Self excitation of a series capacitor compensated electrical
system alone, assuming constant rotor speed, is caused by
induction generator effect. Since the rotor circuits are turning
faster than the rotating magnetic field produced by the sub
synchronous armature currents, the rotor resistance to sub
synchronous currents viewed from the armature terminals are
negative. When this negative resistance exceeds the sum of
the armature and network resistances, the electrical system is
self excited. Such self excitation would be expected to result
in excessive voltages and currents.?
2) Torsional Interaction
Mode shape: The rotor system of a turbine generator is
vibrate in a particular way which is known as mode shape.
Mechanical systemis a multimode s%/stem which has a more
than one torsional natural frequency.[!
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interaction is the interplay between the
mechanical system (turbine-generator) and a series capacitor
compensated electrical network. Small signal disturbances in a
power system result in simultaneous excitation of all natural
modes of the electrical and mechanical systems.

The turbine-generator shaft system responds to
disturbances with oscillations at its torsional natural
frequencies. Just as the electrical system, the real mechanical
system is multimodal and will have more than one natural
frequency.
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Oscillations of the generator rotor at this frequency result
in modulation of the generator voltage. The sub synchronous
frequency voltage component is at frequency fen =1, - fer

When this frequency is close to a system natural frequency
fer, the resulting armature currents produce a magnetic field
which is phased to produce a torque which reinforces the
aforementioned generator rotor oscillations. This can result in
sustained or growing oscillations. This phenomenon is
referred to as torsional interaction.

3) Shaft Torque Amplification

When the transmission system contains series capacitor, it
is possible that the complement of the electrical network
natural frequency may align closely with one of the torsional
natural frequencies. If this is the case, torques may be induced
in the shafts following a system disturbance which are much
larger than those developed as a result of three phase fault in
an uncompensated system. This is due to the resonance effect
and the fact that the torisonal mode damping in a turbine
generator rotor systemhas been observed to be extremely low.
This effect is again referred to as shaft torque amplification.

Most often, the shaft response is not sinusoidal with a
single frequency component, but contains contributions from
the same peak torque level the torsional fatigue life.
Consumption will be significantly lower for a multimode
response in comparison to a single mode response.

I1l.  SUB SYNCHRONOUS RESONANCE MITIGAT ION
TECHNIQUEL!

Line filter

Parallel filter

Dynamic filter

Facts devices

There is a variety of facts devices are available. Among all

facts devices GCSC is used for sub synchronous resonance
mitigation in series compensated wind farm. Basic circuit is
used for the sub synchronous resonance mitigation technique
is shown in fig.
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Figure 3 Basic GCSC Circuit®

Fig. 3 shows a transmission line with series
compensation using GCSC. The GCSC consisting of a
capacitor and two reverse blocking semiconductor

switches (e. g. GTO, IGCT) connected in anti-parallel.
The principle of operation of the GCSC is based on the
variation of the turn-off angle (y) of the controlled
switches. Controlling the turn-off angle the voltage of the
capacitor is controlled, consequently controlling the
series compensation level of the transmission level.

When GTO valve is closed, the wltage across the
capacitor is zero and when the valve is open, the
voltage is maximum. For controlling this wltage, the
closing and opening of the valve is carried out in each
half cycle in synchronism with ac system frequency. The
GTO valve is stipulated to close automatically through
control action whenever the capacitor wltage crosses
zero. However, the turn-off instant of the valve in each
half cycle is controlled by a delay angle y with respect to
peak of the line current.

At the fundamental frequency, the GCSC is
equivalent to a continuously variable series capacitor,
where its reactance varies from its maximum value for y
= 90 to zero for y = 180.

V. SIMULATIONS AND RESULTS

Fig. 4 Simulation of SBM Withou Faults
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Figure 19 Torque Between Shaft

V. CONCLUSIONS

It is required to increase the power transfer capability of
existing transmission line. When load demand is increased by
using series capacitor compensation the power transfer
capability of transmission line can be increased. But
simu lation results it shows that series capacitor compensation
introduce the sub synchronous resonance in the power system.
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