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Abstract—Increasingly complex modern power systems require
stability, especially for transient and small disturbances. Transient
stability plays a major role in stability during fault and large
disturbance. This paper compares a power system stabilizer (PSS)
and static Var compensator (SVC) to improve damping oscillation
and enhance transient stability. The effectiveness of a PSS connected
to the exciter and/or governor in damping electromechanical
oscillations of isolated synchronous generator was tested. The SVC
device is a member of the shunt FACTS (flexible alternating current
transmission system) family, utilized in power transmission systems.
The designed model was tested with a multi-machine system
consisting of four machines six bus, using MATLAB/SIMULINK
software. The results obtained indicate that SVC solutions are better
than PSS.

Keywords—FACTS, MATLAB/SIMULINK, multi-machine

system, PSS, SVC, transient stability.

I. INTRODUCTION

ODERN power systems are increasingly complex

nonlinear  interconnected  networks  comprising
interconnected generator power plants, transformers and
transmission lines with differences in loads. The
interconnection of smaller subsystems is beneficial in reducing
operating costs (e.g. fuel costs, sharing resources) and
diversity of loads improves the reliability of the system [1].
However, this poses technical challenges such as low
frequency electro-mechanical oscillation caused by electrical
disturbances [2]. The power system stability is the ability of
the system to return to its original operating condition after a
disturbance [3]. In modern power systems, increased power
demand result in long transmission lines being overloaded
(above normal limits), exacerbating the problem of transient
stability, which has become a serious limiting factor in
electrical engineering.

The transient stability of a system defined as the ability of
the system to maintain a stable condition after large
disturbances, like fault and switching of lines. There are
several methods for improving transient stability, including
circuit breakers, fast-acting exciters and reduction in the
transfer reactance of the system [1]. Under small disturbances,
to remain synchronized the machine requires positive
damping, generally from a power system stabilizer (PSS)
provides positive damping to the system, which has been one
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of the most common controls used to damp out oscillations,.
The main role of PSS is to introduce modeling signal acting
through the excitation system for oscillation damping [4]. It
must be capable of providing stabilization signals over a broad
range of operating conditions and disturbances; however,
within nonlinear systems, the function of PSS is limited [5].

Many complex power systems are now stabilized using
Flexible Alternating Current Transmission System (FACTS),
which can control network conditions with optimum speed
and enhance transient, voltage and steady state stabilities [6].

There are numerous categories of FACTS controllers,
including shunt, series, combined series-series and combined
series-shunt types. FACTS devices include a group of multiple
controllers to control system parameters such as phase angle,
damping oscillation at different frequency, voltage, current
and impedance [7]. In this paper, the static Var compensator
(SVCQ) is discussed. It is a shunt type, connected as a controller
that enhances the transient stability and damping the power
oscillation with more reliable operation [8], [9]. A
MATLAB/Simulink mode is developed for a multi-machine
system consisting of a four machine six bus test system used
to perform the simulation studies. The results obtained with
SVC are very reliable for damping oscillation with
disturbances and other parameters such as terminal voltage
can be explored.

The organization of this paper is as follows: Section II
explains power system stability; Section III power system
stabilizer PSS structure and the effect of damping oscillation;
Section IV models of static Var compensator SVC and
explains SVC principles and its effectiveness to improve
damping oscillation and explain the structure of the SVC
controller; the system is explained by using
MATLAB/Simulink to create a three phase fault in the test
system, as explained in Section V; and Section VI presents the
conclusion of the work.

II. POWER SYSTEM STABILITY

The property of a power system that enables it to remain in
state operating equilibrium under normal operating condition
and revert to an acceptable state of equilibrium after being
subjected to a disturbance is defined as its stability. There are
many different sources of instability in a power system,
depending on configuration and operating mode. In the
evaluation of stability, the main concern is the behavior of the
power system when subjected to a transient disturbance [3].
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The classification of power system stability proposed here is

based on the following considerations:

e The physical nature of the resulting instability;

e The size of the disturbance considered;

e The devices, processes and time span; and

e The most appropriate method of calculation and
prediction of stability [3].

There are highly nonlinear power systems that function in a
constantly changing environment in terms of loads, generators,
outputs and key operating parameters; the system stability
depends on the conditions of initial operation and the
disturbance nature. Typically, power system stability is
classified into steady state stability, transient state stability and
dynamic state stability.

e Steady state stability: this is the capability of an electrical
machine of power system to return to its original/previous
status. The power transferred by the generator to the
power system is equivalent to the mechanical power
implemented by the prime mover, ignoring loss.

e Transient state stability: following a significant
disturbance, the synchronous alternator the machine
power (load) angle changes as a result of immediate
acceleration of the rotor shaft. The transient stability
could determine whether the load angle returns to a steady
value following the clearance of the disturbance.
Transient stability is a rapid phenomenon, normally
happening within one second for a generator close to the
cause of disturbance.

e Dynamic state stability: this is the ability of a power
system to maintain stability under continuous small
disturbances. Dynamic instability is more probable than
steady state stability. Small disturbances are continually
occurring in power systems (e.g. due to various loadings
and changes in turbine speeds), which are small enough
not to cause the system to lose synchronism, but they do
excite the system into the state of natural oscillations.

III. POWER SYSTEM STABILIZER (PSS)

Power system stabilizer is a generator control used in
feedback to enhance the damping of rotor oscillation due to
signal disturbance. The disturbance may be caused even by
small changes in the reference voltage regulator exciter,
resulting in ever increasing rotor oscillations. The generic PSS
can be used to add damping to the rotor oscillation of the
synchronous machine by controlling its excitation. To
maintain stability, the power system’s electromechanical
oscillation (also called power swing) must be damped. The
input signal of PSS is machine speed division (dw), and the
output signal is additional input (Vstab) to the excitation
system [3]. The generic power system stabilizer is modeled by
the nonlinear system shown in Fig. 1.

By controlling the excitation of the generator rotor
oscillation using auxiliary stabilizing signal, PSS has become
the most prevalent damping controller used in all synchronous
generators, because of its low cost. PSS is used to this
important function damp these oscillation by adding a signal

to the reference voltage signal, based on the automatic voltage
regulator AVR; using power deviation, speed deviation, or
frequency deviation with additional torque coaxial, PSS can
increase the damping of low frequencies and developed the
dynamic stability. Fig. 2 illustrates the torque analysis PSS
and AVR.

Tins+1 Tins+1
(€9, st
T [ /| tias+i[2as11
Sensor Qverall
Gain Wash-out lead-lag1 Lead-lag 2

Fig. 1 Block diagram of the PSS

Fig. 2 Torque analysis between PSS and AVR [10]

The high gain of AVR will give a good voltage control and
will increase the opportunities of retaining the synchronizing
of the generator at the large disturbance, therefore this strife is
almost solved by limiting the output of PSS to 0.5% set point
of the AVR (Fig. 3). Solving tradeoff can be achieved more
elaborately by applying the integration of PSS and AVR and
using a design that takes damping and voltage control into
account together [11]. The PSS uses a bus frequency or shaft
speed active output power as input. The main components of
stabilizer consist of two filters, used to phase lag
compensation announced by the field circuit of generator and
AVR. The other filter is often added to minimize the influence
on the generator’s dynamics torsional, and to stop voltage
errors caused by frequency requital. The tuning of the lead lag
filters will give a speed oscillation of damping torque on
generator rotor. By making a difference in the terminal
voltage, the effects of PSS to the flow of power from the
generator, which effectively damps the local modes.

PSS has different effects on the inter-area mode from those
it exerts on local mode; the realizable local mode is greater,
while the inter-area mode is mainly influenced by the voltage
modulation of responsive load. This has implications on the
critical characteristics of load both for tuning the field and
investigations. The damping of both inter area and local area
mode needs an appropriate phase compensation over a great
range, which is very difficult to realize. The speed signal Aw
is used by PSS as an input signal, and it will have a positive
compensation of damping torque AM,,,. Therefore, torques of
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composition and positive synchronicity can improve the
capacity of oscillation damping [12].

Generator Voltage

PSS

Generator and

Power Network

P.norf

Fig. 3 Voltage control during large disturbance [10]

IV. STATIC VAR COMPENSATOR (SVC)

Static Var compensator is a member of FACTS family,
which is based on power electronics. SVC is one of the shunt
connected FACTS devices. An SVC consists of capacitors and
reactors connected in shunt by a thyristor, by which switching
can be quickly controlled. It is connected to the power system
to improve transient stability by regulating voltage and
reactive power control. By an injection or absorbing the
amount of reactive power, the SVC regulates voltage. When
the system voltage is low, the SVC generates reactive power
(capacitive mode), and when the system voltage is high, the
SVC absorbs reactive power (inductive mode).

A typical SVC, as shown in Fig. 4, consists of one or more
banks of capacitors and reactors, which may be fixed or
switched by thyristors. The reactive power can be varied by
switching the capacitor banks and inductor banks. The
capacitors are switched ON and OFF by thyristor switched
capacitor (TSC), and the reactors are controlled by thyristor
controlled reactors (TCR).

HVBus

Coupling \I

Transformer ——

SVC Bus

1

T8C  TCR

Fig. 4 Basic configuration of SVC

The SVC used in this study is of variable susceptance type.
The relation between the compensator inductive susceptance
BL and the conduction angle ¢ for fundamental frequency is
non-linear, given by:

By (a) = 2m—2a —sin2a/ nX; For n/2 <a<m (1

where:
Xs = st /QL

where; Vs is SVC bus bar voltage; Q; is the MVA rating
reactor.
The total susceptance of SVC has the magnitude:

B= B, — B,

where BC is basing capacitor that allows the range of the
compensator to enter both the capacitive and inductive region
[13]. As the SVC uses an FC and a variable reactor
combination (TCR-FC), the effective shunt admittance is
given by:

B = [1/X.]- B, (@) 2

where X, is capacitive reactance.

The control system of SVC consists of a measurement of
system, voltage regulator and synchronising system, as shown
in Fig. 5. The measurement system measures the positive
sequence voltage to be controlled. Fourier transformation is
used for measurement system a voltage regulator that uses the
voltage error. The SVC suspectance (B) is determined by the
difference between measured voltage (Vm) and the reference
voltage (Vref). The susceptance B is important to maintain
constant system voltage. The TSC (and eventually the TCR) to
be switched in and out is determined by distribution unit that
computes the firing angle a of TCR. A synchronizing system
consists of a phase-locked loop (PLL) and a pulse generator
sends an appropriate pulse to the thyristor [14].

Fig. 7 shows the SVC model for transient stability can be
obtained by assuming balanced, fundamental frequency
operation with sinusoidal voltages [15]. It can be represented
by (3) and (4):

[);c] = fo(Xe, @V, Vyer) 3)
P- (2a —sin2a —m) - w[2(XL/XC)]/ mXC
0= I —ViBe 4)
[ - Vi’Be

Most of the variables used in the (3) and (4) are clearly
defined on Fig. 6, and the control system variables and
equations are represented by xc and fc, respectively. These
equations are used to represent limits not only on the firing
angle, but also on the current (I), the control voltage (V) and
the capacitor voltage (Vi), as well as control variables for other
types of controllers such as a reactive power Q control scheme
[16].
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Fig. 6 Transient stability model of SVC

V.SIMULATION AND RESULTS

The comparison between PSS and SVC was conducted in
a multi-machine system, as shown in Fig. 7. This system
consists of 4 machines and 6 buses. The system was originally
available in Matlab with two machines and three buses, but in
order to consider more cases in this work, the number of
machines and buses were increased. The disturbance applied is
three phase fault to ground near a generator 1 on bus 1 at t=
5s; SVC is used as a controller is phaser type, connected to B1
and taking those cases:

A. Case 1

When comparing between using only PSS and PSS with
SVC for a critical clearing time (tc =148 ms), the results show
that the system loses stability when utilizing PSS alone, while
it remains stable using both SVC and PSS. Figs. 8-11 show the
rotor angle difference of G1 of the test system, rotor angle
difference of G3, the terminal voltage on B1 and transmission
line active power of G1.

B.Case 2
Using PSS solely and PSS with SVC (to enhance transient

stability and dampen the oscillation), the system remained
stable, at clearing time (tc = 147 ms). Table I lists the
performance comparison between using (PSS) and (PSS with
SVC). Furthermore, Figs. 12 and 13 shows the rotor angle
difference of G1 and rotor angle difference of G3; SVC settled
faster with settling time is (11s and 10.3s) than with only PSS
(13s and 12.3s), and the peak amplitude of both rotor angle
with SVC reduced with value is 118 and 93 degrees,
respectively. With only PSS, the corresponding values are 130
and 128 degrees. Figs. 14 and 15 show that the terminal
voltage on B1 and B6 with SVC oscillated less and stabilized
with peak amplitudes of 1.115 p.u and 1.18 p.u, and settling
times of 10s and 10s, compared to only PSS with peak
amplitudes of 1.275 p.u and 1.25 p.u and settling times of 12s
and 12s. Figs. 16 and 17 show the transmission line active
power values of G1 and G3; it can be seen that the line with
SVC has less oscillation and greater stabilization that that with
only PSS

C. Case 3

In this case the comparison between using PSS alone and
two SVC with PSS in two different locations was made. The
first SVC was connected to the system in a location the same
as the previous one, and the second was connected near G3
with bus 6. The results show that using two SVCs is better
than using only one; Table II lists comparison data between
PSS and two SVC. Additionally, Figs. 18 and 19 show that
rotor angle difference of G1 and rotor angle difference of G3
with SVC settled faster with settling time is (10s and 10s) than
with only PSS (13s and 12.3s), and the peak amplitude of both
rotor angle with SVC reduced with values of 115 and 85
degrees. With only PSS the settling time is 13 and 12.3s and
the peak amplitude is 130 and 128 degrees. Figs. 20 and 21
show that the terminal voltage on Bland terminal voltage on
B6 with SVC oscillates less and stabilizes with peak amplitude
(1.175p.u and 1.16p.u) and settling time (10s and 9s)
compared to only PSS, where the peak amplitude is (1.275p.u
and 1.25p.u) and settling time (12s and 12s). Figs. 22 and 23
show the transmission line active power of G1 and line power
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of G3 with SVC oscillating less and stabilizing better than

with only PSS.
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Fig.7 Test system (4 machine, 6 bus) modeled in Simulink/MATLAB
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Fig. 23 Transmission line active power of G3
VI.CONCLUSION TABLE II
. . . . . COMPARISON BETWEEN PSS AND PSS WITH 2 SVC
Thl.S paper has dlscusse.d and investigated the. Franswnt . t PSS PSS 1+ 2SVC
stability enhancement by using a power system stabilizer PSS arameters Peak Ts (s) Peak Ts (5)
and static Var compensator. The study has compared the Rotor angle of G1 130 (deg.) 13 115 (deg.) 10
independent application of PSS and its combination with SVC Rotor angle of G3 128 (deg.) 123 85 (deg)) 10
. . . . .. Terminal voltage on
using a multi-machine testing system consisting of four Bus 1 1.275 (p.u) 12 L175 (p.w) 10
n;lachmes and smdbufsesl in MATLAB Smlqul;?k. During three Termm]e;luvsoétage o 95 () 12 1.16 (p-u) 9
ases to ground fault on generator three cases were
p . & . . . g Active power of G1 1470 (MW) 12 2000 (MW) 8.5
considered to identify the differences between PSS and SVC, Active power of G3 1470 (MW) 12 1300 (MW) 10

and their ability to fix transient stability. Firstly, at the critical
clearing time the system lost the synchronism when using PSS
only, and it retained synchronism when SVC was connected
with the system as a controller. In a second case with a
clearing time of 147 ms, the system remained stable with both
PSS only and PSS with SVC; however, the result was much
better when utilizing SVC for damping oscillation. In the final
case, two SVCs were used, and in comparison with previous
cases the results indicated improved transient stability and
damping oscillation of several parameters, such as rotor angle
and terminal voltage and transmission lines active power.

TABLEI
COMPARISON BETWEEN PSS AND PSS wiTH SVC
Parameters PSS PSS + SVC
Peak Ts (s) Peak Ts (s)
Rotor angle of G1 130 (deg.) 13 118 (deg.) 11
Rotor angle of G3 128 (deg.) 12.3 93 (deg.) 10.3
Terminal voltage on 1.275
Bus 1 (o) 12 1.15 (p.u) 10
Terminal voltage on
Bus 6 1.25 (p.u) 12 1.18 (p.u) 10
Active power of G1 1470 12 1470 (MW) 10
P (MW)
. 1470
Active power of G3 (MW) 12 1350 (MW) 10

APPENDIX

1. Transmission lines data
Vbase = 500 KV
Resistance per unit length (Ohms/km) = 0.01755
Inductance per unit length (H/km) = 0.8737e-3
Capacitance per unit length (F/km) = 13.33¢-9
2. Loads data
All loads are resistive load
Bus 2 =100 MW
Bus 3 =4900 MW
Bus 4 =100 MW
Bus 5 =100 MW
Bus 6 =4900 MW
3. SVCdata
Reactive power limits: [Qc (var>0) Ql(var<0)] = [200e6 -200e6]
Average time delay Td =0.004 s
4. PSS data
Gain Kp =2
Time constant = 0.7 s
Tnum =0.06 s
Tden=0.5s
Sensor time constant = 15e-3 s
5. Generators Data
All generators data are shown in Table III.
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TABLE IIT
GENERATORS’ DATA
Parameters Gl G2 G3 G4
Gen types Hydraulic  Hydraulic ~ Hydraulic Hydraulic
Capaci
(M‘{j‘g)ty 1000 5000 1000 5000
Xd (pu) 1.305 1.305 1.305 1.305
X’d (pu) 0.296 0.296 0.296 0.296
X7d (pu) 0.252 0.252 0.252 0.252
Xq (pu) 0.474 0.474 0.474 0.474
X”q (pu) 0.243 0.243 0.243 0.243
X1 (pu) 0.18 0.18 0.18 0.18
H(s) 3.7 3.7 3.7 3.7
T°d (s) 1.01 1.01 1.01 1.01
T7d (s) 0.053 0.053 0.053 0.053
T"qo (s) 0.1 0.1 0.1 0.1
Rd (pu) 2.8544e-3  2.8544e-3  2.8544e-3 2.8544e-3
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