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Abstract — This paper describes the impact of the Flexible AC
Transmission System (FACTS) controller, namely Thyristor
Controlled Series Capacitor (TCSC), on the transient stability of
power transmission. For demonstration of the impact of TCSC on
transient stability of a power system, a model of the Slovak power
system was used. The devices with a suitable controller can also be
used for many other purposes than those for which they were
designed.
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1. INTRODUCTION

Research of the Flexible Alternating Current Transmission
System (FACTS) devices began in the 80s of the 20th century
[1]. One of the main tasks of the regulators was to improve the
stability of electricity transmission. Improving the dynamic
stability means the increase in the maximum transmission
capacity in the system without losing synchronism [2]. The
probability of the loss of stability depends on the size of the
transmitted power before failure. The dynamic stability of
power system is influenced by many factors such as admittance,
duration of failure, regulation of excitation).

Thyristor Controlled Series Capacitor (TCSC) allows
continuously changing the admittance, which is a very
important variable affecting the stability of the system [3].

II. TCSC

TCSC consists of a capacitor that is connected parallel to a
thyristor regulated reactor. This configuration allows for a
smooth change of the impedance of the transmission lines and
a smooth control of a wide-range frequency of the capacitance.
For a proper function of TCSC, its control is very important.

The control of the reactance of TCSC is a very complex and
dynamic process. The efficiency and effect of TCSC are very
dependent on the calculation accuracy of the TCSC reactance
at a particular moment. In case of a wrong calculation of the
reactance, an opposite effect than that provided by TCSC may
occur.

The Fig. 1 shows the main scheme of TCSC. It consists of
three parts: capacitor battery C, parallel connected reactor L,
and the thyristors VT1 and VT2 [5].
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Fig. 1. Scheme of the TCSC.
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where
Ic and I}, — instantaneous current of the capacitor and reactor;
is — instantaneous current of a controlled line.

TCSC can be controlled by changing the opening angle of
the thyristor @, which is modifying the frequency of the
capacitor. Equation (1) shows the relationship between the
opening angle of the thyristor (o) and the reactance Xtcsc (a):

3 X2 o + sing 4x2
Kresc(@) = Xe = (Xc—Xp) . T (Xc — Xp) .
ws(g) (ke(59) - wn(3))
2 0
(k2 -1 s

where
Xc — capacitance of the capacitor;
Xp — inductive reactance of the reactor connected parallel to
the condenser;
0 =2(x — a) — opening angle of TCSC controller;

fx . .
k= X—C — compensation ratio.
P
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Xresc (@) is a unique feature by which we can continuously
change the TCSC reactance. TCSC can operate in a capacitive
or inductive mode, but the transition from one mode to another
should be made avoiding resonance. TCSC is modeled as a
variable capacitor that is limited only by the regulatory scope
of the angle a.

The Control range of TCSC is:

Xrcsc (min) < Xrese (o) < Xresc (max), %)

where
Xrcsc (min) = Xtese (180°) — thyristor in permeable state;
Xrcese (max) = Xresc (0min) — thyristor of trailing state [5].

III. TRANSIENT STABILITY

Synchronous machines are mainly used in the PS as
synchronous generators, synchronous motors and synchronous
compensators. These devices are interconnected through
transformers and lines and they are in parallel and synchronous
operation. The transfer capability of such systems is limited by
the permissible voltage drops and with the power-handling
capacity. The transmission at large distance has been treated till
the condition of stability of parallel operation. Prerequisite for
the existence and operation of large interconnected power
systems is the steady stability of parallel, i.e., synchronous
operation. Synchronization power of synchronous machine
allows us to do synchronous operation. This power presents the
increase in the transmitted power at an increase of the load
angle of the generator rotor over 1° [2], [3]. The swing of the
generator rotor due to changes in the electromagnetic energy
that is accumulated in the magnetic circuits of the machine so
arises additional power. This power can take positive and also
negative values, which is reflected as a contribution to the
performance of AP as braking, or acceleration of the machine
(8], [9].

The role of synchronous machines not the retention of the
synchronism. Co-operation of synchronous machines cannot be
at arbitrarily large power. The steady-state operation of the
whole system depends on its electrical, mechanical and
electromagnetic parameters.

If the conditions of transfer are not violated, we can reach a
stable maximum output with smoothly increasing the
transmitted power. The considerations of static stability can be
applied for small swings of the machine. In operation, there are
many sudden changes in the system (switching processes, shock
loads, short circuits). Due to the unbalance of the consumption
and production of the electric power, the load angle values can
achieve major changes. These change the load angle with leap.
After these changes, the system goes into a new system state
with electromechanical oscillations. Inertia of the machine is
not allowing an immediate changes in the operating mode
(angle J) course the parameters oscillations may be stabilized at
a new constant, or continue to increase. In the latter case, a loss
of stability occurs. In examining the transient stability, a
constant value of the transition electromotive alternator voltage
E is generally assumed [2], [3], [8], [9].

Fig. 2. Modelled network of the Slovak power system.

Fig. 2 displays the modelled network of the Slovak power
system with installed TCSC to series with the line 424 in the
substation of Krizovany. Line 424 is an interconnecting line
between Slovakia and the Czech Republic. The designed TCSC
has the maximal allowed current loading — 2000 A. The line
424 has the same maximum allowed current loading.

The most frequently occurring faults in the power system,
affecting the stability of the whole system are:

« short circuit on the line,

* power source outage,

« short circuit on the busbar,

* power lines outage,

* step change in load.

To investigate the impact of TCSC device on transient
stability of the power system, different types of disturbances
were modelled:

1) three-phase short circuit on line 495;

2) outage of a reactor in the Mochovce nuclear power plant;

3) three-phase short circuit on the busbar in the P. Bystrica

substation;

4) outage of line 492;

5)step change in the load in the BoSaca substation

(+200 MW).

In each of these cases, graphs of the active power of
generators in the nuclear power plants in Mochovce and
Jaslovske Bohunice were plotted. These generators have been
chosen because they are the largest in the Slovak power system
and the loss of synchronism in any of these generators cause
significant fluctuations in the power system [8], [9].

IV. SIMULATIONS

In Slovak power system, a three-phase short circuit was
simulated at the end of the line V490 in the substation Levice.

The duration of the short circuit was set according to the
instructions of ENTSO-E for the simulation of dynamic
phenomena in the system.
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Clearance time of the short circuit at voltage levels 220 kV,
330 kV and 400 kV was set at 0.150 s. Clearance time consists
of the following elements:

T

total

T

protection

+7T . T 1.=0.150s.

switch sec

At the time of 0.1 s, the 3f short circuit occurs on line V490.
By action of protective devices, the line will be disconnected in
0.25 s. The impact of this disturbance on the transient stability
was analyzed on the generator operating in the first block of the
Mochovce nuclear power plant (NPP).

Fig. 3 shows the swings of the active power of the generator
operating in the Mochovce NPP during and after the three-
phase short circuit on line V490 in the Levice substation. The
red curve shows the swing of the generator with an installed
TCSC device in series with the line V424; the blue curve shows
the swings of the generator without TCSC.

Besides, Fig. 3 demonstrates the beneficial effect of TCSC
on the transient stability of the power system. Settling time of
active power swings was shorter with TCSC for almost
2 seconds. Also, the negative effect of TCSC on the transient
stability of the power system is seen. By utilizing TCSC, the
size of the first swing was larger by 100 MW. Too large first
swing of the generator can result in a loss of its synchronism.

Active power (MW)

Wi TCEC FMG_THIRYT Adive TR}
TCSC - EMO_1MKZ1 Acive power (MW }

Fig. 3. Active power of the generator during the three-phase short circuit on
line.

At the time of 0.1 s, a 3f'short circuit occurs on the busbar at
Spisskd Nova Ves. By action of protective devices, the short
circuit will be cleared at 0.25 s. The impact of this disturbance
on the transient stability was analyzed on the generator
operating in the first block of the Mochovce nuclear power
plant.

Fig. 4 shows swings of the active power of the generator
operating in the Mochovce NPP during the three-phase short
circuit on the busbar in the SpiSska Nova Ves power station.
The red curve shows the swing of the generator with installed
TCSC device in series with the line V424; the blue curve shows
the swings of the generator without TCSC. It is seen that TCSC
has a positive effect on the transient stability of the power
system. Settling time of the active power swings with TCSC
was shorter, and the size of power swings was smaller.
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Fig. 4. Active power of the generator during the three-phase short circuit on the
busbar.

At the time of 0.1 s, a 200 MW load in the busbar at BoSaca
was switched on. The impact of this disturbance on the transient
stability was analyzed on the generator operating in the first
block of the Mochovce nuclear power plant.

Fig. 5displays swings of the active power of the generator
operating in the Mochovce NPP during switching on the
200 MW load in the busbar at BoSaca. The red curve shows the
swing of the generator with installed TCSC device in series
with the line V424; the blue curve shows the swings of the
generator without TCSC.

Active power (MW)

Time (s)
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Fig. 5. Active power of the generator during the step change in load.

Fig. 5 also shows the beneficial effect of TCSC on the
transient stability of the power system. Settling time of active
power swings was shorter with TCSC for almost 13 seconds.

Active power (MW)
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Fig. 6. Active power of the generator during the outage of the reactor in a
nuclear power plant.

At the time of 0.1 s, one of the reactors in the Mochovce NPP
was switched off. The impact of this disturbance on the
transient stability was analyzed on the generator operating in
the second block of the Mochovce nuclear power plant.
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Fig. 6 demonstrates swings of the active power of the
generator operating in the second block of the Mochovce NPP
during the switching off the reactor in the Mochovce NPP. The
red curve shows the swing of the generator with installed TCSC
device in series with the line V424; the blue curve shows the
swings of the generator without TCSC.

It is seen that TCSC has a positive effect on the transient
stability of the power system. Settling time of the active power
swings with TCSC was shorter, and the size of power swings
was smaller.

Time (s)

=W TCSC  EMO_TMIZ1 Actes power | WV )
—witoul TCSC - EMO_1MKZ1 Active power ( MW }

Fig. 7. Active power of the generator during the outage of line.

At the time of 0.1 s, the line V448 was switched off. The
impact of this disturbance on the transient stability was
analyzed on the generator operating in the first block of the
Mochovce nuclear power plant.

Fig. 7 demonstrates the swings of the active power of the
generator operating in the Mochovce NPP during and after
switching off the line V448. The red curve shows the swing of
the generator with an installed TCSC device in series with the
line V424, the blue curve shows the swings of the generator
without TCSC.

Fig. 7 shows the beneficial effect of TCSC on the transient
stability of the power system. Settling time of the active power
swings was shorter with TCSC for 3 seconds.

V. CONCLUSION

This paper presents the importance and possibilities of
improving transient stability of a power system. Installation of
new FACTS devices to transmission system in the near future
may be necessary to maintain the reliability and quality of the
electricity supplied. Installation of such equipment is very
costly, therefore it is important to choose the most appropriate
device and the most suitable destination for its location. Today,
the application of these devices is hampered mainly because of
their price; however, we should consider what economic
damage can be caused by a several-hours long blackout which
can be avoided by installing FACTS devices.
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