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Abstract: when the steam turbine-generator is connected with series of compensation along the
transmission line, the sub synchronous resonance may happen. The Flexible Ac Transmission System
(FACTS) controller of the devices wide use which has been used to reduce and suppress the
phenomenon of sub-synchronous resonance the Thyristor Control Series Compensation (TCSC) and
Static VAR Compensation (SVC) are the types of FACTS controller that has been used to put down
the SSR and also for the purpose of provide a better and efficient solution to improve the transferred
capacity system to connect the series compensation along the transmission line. Series capacitor work
to increase the chance of creating sub synchronous resonance. Series capacitors also have an
inclination to amplify the shaft stress during considerable network transien toccurrence, SSR
phenomena happen which can cause damage of the shaft generator turbine. The first standard model
of IEEE was adopted to study this phenomenon. This research deals the PID control of SVC( Static
VAR Compensation) and TCSC (Thyristor Controlled Series Compensator) and excitation system
controller for reducing SSR in power system. In this research, the method of Eigenvalue was used to
analysis the sub-synchronous resonance phenomenon and the result was verified using DYMOLA
simulation

Keywords: Series Capacitive Compensation, Sub Synchronous resonance, TCSC, SVC,
Eigen value, FACTS device, Torsional oscillation.

1. INTRODUCTION

The power consumption by the utility is subsequently increased continuously. The increase in power demand had
compelled the power engineers to use long transmission line which enables bulk power transfer. In order to satisfy
the load demand in long transmission lines, series of capacitive compensations are being used which increase the
power delivering capability of the transmission line effectively. Further, it also improves the transient stability of
the system [1]. Because of series capacitive compensation the problem of sub synchronous resonance may occur in
long transmission lines. The SSR problem relates to the torsional interactions between the generator rotor section and
turbine section of the plant. The interactions between these two masses are caused due to sub harmonic frequencies
produced by the series capacity compensator [2]. This interaction causes shaft failure in the turbo- generator system.
This phenomenon was first experienced in the year of 1937 but it got noticed in the 1970s after two turbine-generator
shaft failures occurred at the Mojave generating station in Southern Nevada [3]. The SSR problem is further divided
into two categories namely, torque amplification (TA) also known as transient torque and steady state SSR. The
steady state SSR is further divided to torque interaction (T1) and induction generator effect (IEG) [4]. In this paper
TI problem is taken into consideration which bears a threat to power system. A flexible ac transmission system is
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used in power system to improve power quality, power security and its integration. The FACTS devices have several
uses in the power system but mainly they are used for reactive and real power compensation, to improve power
system stability both transient and steady state, to control the line impedance, to suppress the harmonics, to improve
the power factor of the system and even to mitigate the SSR problem. To suppress the sub harmonic oscillations there
are many FACTS devices like static synchronous compensator (STATCOM), Static Voltage Compensator (SVC),
Static Series Synchronous Compensator (SSSC), Unified Power Flow Controller (UPFC) and Thyristor Controlled
Series Compensator (TCSC) that can be used in the system . This paper uses TCSC and SVC as FACTS devices for
eliminating the SSR problem from the system due to the several advantages of this type over other FACTS devices.
Have been used for reducing torsional oscillation in series capacitive compensating system for the analyzing of SSR,
IEEE First Benchmark Model (FBM) the simulation results of these devices are obtained from dymola software by
considering two systems first without FACTS devices and second with FACTS appliances. These results are then
compared to know the effectiveness of TCSC & SVC on reducing of SSR oscillations. Shashidhara Mecha Kotian,
[5]. In this research, a dynamic phasor-based continuoustime model of TCSC has been used to result the phase-
response characteristies of a system analysis. This conversely can, the used of the known the mechanism phase
compensation to designing a additional sub-synchronous damping control. It is found that at higher series
compensation levels, the designing relys on the change in the fring angle of the thyristor control series compensation
TCSC is an important type of type which is increasingly used in long transmission lines in modern power system. R.
Zheng,[6]. In this research, the sub-synchronous resonance phenomenon is suppressed by using modern control to
control the TCSC. various from traditional sub-synchronous damped control, this planner include used solitary local
measure that may be effective acquired at the thyristor control series compensation direction. TCSC is a type of
series appliance which allows moving fast also uninterrupted transmission line variable impedance [7]. can be
classified the TCSC as an appliance series compensation, be possible numerous profits for a power system as well as
a control process, flow power during transmission line reducing oscillation mode, as well as put out the status and
resonance that appear [8]. For this purpose, the IEEE benchmark first model, in Fig.1, that is submitted for studying
SSR phenomenon in three cases has been used:

1. WITHOUT ANY COMPENSATION .
2. COMPENSATION BY TCSC.
3. COMPENSATION BY TCSC &SVC.
WITH ONE SYMMETRICAL THREE PHASE SHORT CIRCUIT
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Figure.1l.l1EEE first benchmark model
[9]
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2. SYSTEM MODEL

2.1. Power System

The study system is the IEEE benchmark first modeling [10]. For SSR analysis, described in Fig.1.(892.4 MVA/ 500
KV/ 50 HZ/ 3600 rpm) connect the synchronous generator into the infinite bus passing through transmission line with
TCSC &SVC with capacitor is constant or whose inductance is different through the control values angle thyristor can be
control in its value terminal voltage. Shaft consists of several pieces, including one piece for high pressure and one for
medium pressure and two pieces of low pressure and generator and exciter system. The shift frequency system has five
torsional modes at 98 rad/sec, 127rad/sec 161 rad/sec, 203 rad/ sec, 298 rad/ sec. The machine using in the study consists
of two damper winding in quadratic axis while have one damper winding in direct axis, one winding afield were
considered. The electrical and mechanical systems were modeled using the Dymola program. The complete electrical and
mechanical data for the studied system are presented in reference [11].

2.2. Excitation System

The main aim of the excitation system is to equip the direct current to the synchronous generator

windings. It consists of a system of excitation protection units as well as an automatic regulator of
voltages and exciter [12]. An integrated control loop can be inserted as well as a power system stabilizer capability that
provides additional signal for the control loop to eliminate sudden disturbances that may adversely affect the process of
damping [13]. The excitation considered her is IEEE STAL as seen in Fig.2. The Automatic Voltage Regulator (AVR)
used is the so called strong action automatic excitation regulator shown in Fig.3. The purpose of this work is design PID
control to a system of excitement to give enhancement to the static and dynamic stability of the power system.

Emax Efdo

S 1 / AEfdA\
Vin Tkop.s + 1 / NV
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Figure (2) excitation system modeling [14]
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Figure (3) excitation system modeling [14]

2.3. Static VAR Compensator (SVC)

The dynamic filter which uses thyristor to modulate the current by way of a shunt connection reactor be possible using to
retaliation the SSR problem. The capacitive reactance portion is virtual to be confirmed and reactance portion is taken as
changing one by making used of the thyristor switching. The reactor can always be symbolized as controlled voltage
source conduct a constant reactor [15]. SVC is used to regulate the reactive power and get a better stability for the system
voltage the AUp is a signal auxiliary stabilizing and is added to the input current of the SVC controlled Ala to reducing
the torsional mode and inertial. Can be used the (TCR) a thyristor controlled reactor as the model of SVC in the study.
Fig.4. Exhibits the mathematical model used to control of SVC.
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Figure (4) Modeling of static var compensation[17]

2.4 Thyristor Controlled Series Compensation (TCSC)

by observing Fig.1.Find that TCSC is composed of a capacitor that is in a parallel state with an inductor join to the
thyristor in a corresponding way through the change in the firing angle of the thyristor. Note the change in the inductor
value conclude from this case that the TCSC can be considered as variable impedance power system perform TCSC can
be used for improvements, namely, enhancing system stability, damping of power oscillations compensating transmission
line reactor increasing or controlling power transfer. Due to its flexible control, it becomes an effective device for damping
the electromechanical and sub synchronous oscillations. TCSC can operate in capacitive or inductive mode. To change
the operating mode of TCSC, firing angle of thyristor is controlled. Although capacitive mode can be consider to be main
control mode [16]. The equivalents modeling of TCSC are represented in Fig.5. The terminal voltage input into TCSC
across fixed capacitor error AUc the signal auxiliary AWc is add to AUc to reduce the inertial and torsion oscillation
modes.
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3. SSR ANALYSIS
The process of exchange between electrical and mechanical systems is called the SSR phenomenon. To analyze
this phenomenon we need to represent the electromechanical systems of the generator units and the electronic
dynamics of the electromagnetic transport network. In this research we will use the method of eigenvalue for
study the SSR in equation 1 description of some electrical and  mechanical

guantities

i+1
Mis"i + dii'i + Z [dij (3' — 8) + kij(3i — 5)] = Tmi—Tei ———— (1)
j=i-1

for N-mass system it can be written as:
[M]8"i + [D]6'i + [K]6i = [Tmi] — [Tei]l =[T] - ———— (2)

where [M] is a diagonal matrix, consisting of inertia of all masses, [D] and [K] are tri-diagonal symmetric

matrix consisting of damping coefficient and spring coefficient of the various mass sections. [Tm] and [Te]

are the N-vectors of mechanical and electrical torques. [Te] has only one non zero element corresponding to
generator rotor. Now if

X =[61626364656'16'26'36'46'5] ————— (3)
X' =[[6'16'26'36'46'56"16"26"36"46"5]  ————— 4)

eq. (4) can be written as:

§'"'i = —[M]Y[D]8'%i — [M]V[K]Si + [M][Tmi—Tei] ~ ————— (5)
% 8"l =[MD]8'i — [MK]68i + [M]*[Tmi — Tei] — — — (6)

| o'l 0 I 0 . .
X= 6"li] - [MK MD ]x + [M—l] mi—Tet === —- ()
% =[Ax+Bxv —  ————— (8)

The eigenvalues or the natural torsional modes of the shaft system are calculated from [A]matrix of the state
variable model. The SSR analysis is carried out based on the following initial operating conditions and
assumptions:

1. The transportation system receives a sum of 1 pu from the generator.
2. The turbine energy inside it is assumed fixed.
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3.1. Analysis of SSR without Any Damping

In the first study, by changing the level compensation from (0% to 100%) we observe that the first IEEE standard system
will have four unstable frequencies. This unstable frequencies increase the phenomenon of sub synchronous resonance
[18].Without the control of TCSC and SVC, the real part of the eigenvalues corresponding to the various torsional
frequencies vary in magnitude and become instability at various levels of series compensation Note that there are different
levels of compensation series so the torsional frequencies are different in terms of instability and magnitude as shown in
Fig.6. The Table (1) shows the value of real part for each frequency without any damping and using Eigen value
analysis.
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Figure(6).SSR of first benchmark model with level compensation
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Table (1) First benchmark eigenvalues
Mode | %Compensation Level
21.248% 39.38% 57.14% 75%
0 -0.24247.7i -0.18+8.6i -0.2249.28i -0.29+10.14i
1| -0.032+98i -0.0184498i | 0.0416198i 2.617198i
2 | -0.0396+127i | -0.036+127i | 0.2402+127i | -0.0398+127i
3] -0.0676+161i | 0.6062+161i | -0.0777+161i | -0.0793+161i
41 0.7608+203i | -0.0227+203i | -0.0253+203i | -0.0238+203i
51 -0.1002+299i | -0.1002+299i | -0.1002+299i | -0.1002+299i
Elect.mode | -4.631203i -4.28+161i -3.52+127i -5.212498i

3.2. Analysis of SSR with Control TCSC

Fig.5. Hlustrates the mathmatical model of the TCSC. TCSC can be controlling by using a pro- portional- integral-
derivative (PID) controller. Many theoretical analysis & field tests of [19], The torsional oscillations are triggered by
the use of a rotor signal to create a shooting angle. The modulation firing angle has few effects on SSR. In TCSC use
it to indicate the voltage of the line as well as the speed signal of the generator as a feedback for controling the
Eigenvalue, Table (2) shows the values of the torsional mode and the critical levels when controlling the use of the

voltage signal as well as the speed indication to control the parameters of TCSC.

Table (2) First benchmark eigenvalues with TCSC control

Mode %Compensation Level
21.248% 39.38% 57.14% 5%
0 -0.821+46.52i -0.928+7.22i -1.08+8.57i -1.24+9.16i
1 -0.0751+98i -0.08608+98i -0.0986498i -0.0611+98i
2 -0.059+127i -0.0578+127i -0.04018+127i -0.053+127i
3 -0.0936+161i -0.0876+161 -0.069+161i -0.083+161i
4 -0.058+203i -0.0085+203i -0.0244203i -0.0276+203i
5 -0.1002+299 -0.1002+299i -0.1002+299i -0.1002+299i
Elect.mode -0.456+218i -1.49+174i -1.64+138i -1.58+113i
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3.3. Analysis of SSR with TCSC Control & SVC

Fig.1. lllustrate the TCSC& SVC users for the purpose of study. Using the PID control of TCSC& SVC in order to
minimize the occurrence this case and simple stabilizing signals in case controller of SVC can be used the signals of
current and voltage of the generator. These signals provide additional damping at sub synchronous network frequencies.
In case the control of TCSC can be use the voltage signal of the line as well as speed signal of the generator as a feedback
for control. The Table (3) shows the eigenvalues of the torsional mode and the critical levels when controlling the use of
the voltage signal as well as the speed indication to control the parameters of TCSC&SVC.

Table (3) First benchmark eigenvalues with TCSC control TCSC and SVC control

Mode | %Compensation Level
21.282% 39.38% 57.14% 5%

0 -0.45+7.27i -0.45+7.85i -0.5018+8.57i -0.65619.016i

1 -0.0452+98i -0.04737+98i -0.04156+98i -0.0116+98i

2 -0.0865+127i -0.0845+127i -0.0774+127i -0.0965+127i

3 -0.1045+161i -0.102+161 -0.097+161i -0.1038+161i

4 -0.0756+203i -0.038+203i -0.0466+203i -0.0501+203i

5 -0.1002+299 -0.1002+299i -0.10024-299i -0.10024-299i
Elect.mode -0.666+221i -1.001+177i -0.54+142i -0.017+118i

4. Dynamic Result

A three phase fault on the machine terminal of duration (0.01 sec) and level compensation 21.248% will be considered
here and the response of the integrated power system to this type of disturbance will be studied.
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In the above figures (from (7) to (10)) the red line represents the signal after gain calculation and the blue line represent
the signal with all gains set to zero (without any control).In Fig.7. It can be noted the difference between the voltages
signals the red line and the blue line. Fig.8. shows the electromagnet torque of the generator which shows the enhancement
of stability when the AVR and TCSC, SVC taken in account. And also note when the occurrence of sub synchronous
resonance will cause the non-stability of the system so the use of different control methods for the purpose of obtaining
a stable system and the suppression of fluctuations in the system by the use of three types of controllers they are Automatic
Voltage Regulation, Static Var Compensation and Thyristor Control Series Compensation (TCSC).So after the occurrence
of the three phases fault a certain period of time, the system will return the state of stability due to the presence of
control.
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5.CONCLUSION

In this paper discussed the problem of sub synchronous resonance and that the interaction between the frequencies in the
electrical grid and the frequency of the turbine segments are equal at certain values if we change the value of the series
capacitor has been discussed. The first IEEE standard system was used for the purpose of studying the phenomenon of
sub synchronous resonance. The system was analyzed by using eigenvalue the purpose of providing an explanation in
case of stability and instability in this analysis. We have four unstable frequencies that lead to problems in the system
therefore; different controllers are used for the purpose of improving the stability of the system in addition to damping
the sub-synchronous resonance oscillation. This is done by using FACTS control. In this research two types of FACTS
control are used TCSC and SVC. It can be extended, also using advance control techniques like fuzzy and neural network
also robust control for the purpose of finding the best values for parameters of SVC, AVR and TCSC, excitation system
to damp the SSR.
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