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Abstract — This paper proposes a new design for the
coordination control of the low frequency oscillation damping
issues of single machine infinite bus power system (SMIB). The
controller gains of a linearized power system are optimized
using genetic algorithm (GA) to achieve an eigen value based
objective function. Here SMIB is employed with TCPS and
TCSC based controllers. Their effectiveness in suppressing
power system oscillations is investigated by eigenvalue analysis,
time domain simulations and synchronising and damping
power contributed in the system. The conclusions have been
drawn here, based on theoretical analysis so as to provide an
insight and better understanding of damping effect of different
schemes. Finally, six different control schemes for power
oscillations damping of test power system are employed and
the results are compared in terms of damping ratio and time-
domain analysis.
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I. INTRODUCTION

Power system is prone to experience stability problems. The
limiting factor is not first swing stability but the damping of
system oscillations. Power systems are subjected to low
frequency disturbances that might cause loss of synchronism
and an eventual breakdown of entire system. The
oscillations, which are typically in the frequency range of
0.2 to 3.0 Hz [11], might be excited by the disturbances in
the system or, in some cases, might even build up
spontaneously. In order to damp these oscillations power
system stabilizer (PSS) has been used conventionally [4].

But, with advent of FACTS technology enhancement of
oscillation damping and system stability has been explored
as potential application [3]-[5]. Series compensation devices
like Thyristor Controlled Series Compensator help in
controlling power flow and series-shunt compensator helps
in increasing system stability. However, to enhance power
system oscillation damping simultaneous application of PSS
and Facts based controllers are needed. Research on the
same has been investigated as coordinated PSS and Facts
based controllers [1],[2],[4],[6]. Genetic Algorithm has been
as an optimization tool in different fields. Genetic
Algorithm based application to optimize different controller
parameters of PSS have been reported in [2],[6].Also,
coordinated control tuning of PSS and Facts based
controllers have been reported in [2],[6],[8]-[10]. The eigen
value based coordinated control design to damp
electromechanical oscillations is discussed in [2].In [6] the
authors have discussed global tuning of coordinated PSS
and FACTS devices using non-linear optimization
algorithm.

The present work deals with simultaneous coordinated
tuning of TCPS and TCSC controllers to enhance the power
system oscillation damping. Here, the control parameters of
coordinated controllers are optimized by eigen value based
objective function using GA. The proposed controllers are
used independently and in coordination with each other.
Their effectiveness in suppressing power system oscillations
is investigated by eigenvalue analysis, time-domain
simulations and Synchronizing and Damping Power
contributing to the power system. The conclusions have
been drawn here, based on theoretical analysis so as to
provide an insight and better understanding of
synchronizing and damping effect of different schemes.

This paper is organized is as follows, in section Il, the
mathematical modeling of power system with different
schemes is presented which also contains linearization of
test system. In section Ill, the synchronizing and damping
power components contributed by different schemes is
calculated. In section IV, the objective function used is
described. In section V, a brief introduction of GA and its
optimization procedure are discussed. In section VI, the
simulation results are formulated followed by conclusions.

I1. SYSTEM MODEL WITH CONTROLLERS

A. Single Machine Infinite Bus Modeling

In this paper, a single machine infinite bus (SMIB) power
system is considered for analysis. The SMIB system is
equipped with TCPS and TCSC are installed at generator
terminals as shown in Fig 1. The controller shown in figure
is coordinated controller which gives appropriate signals to
the stabilizers at a time. The generator taken, taking field
circuit into account [17], this also contains swing equation
and g-axis generator internal voltage equation. The dynamic
equation [3],[4],[11] are shown in Eq. (1)-(2).
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Fig. 1 SMIB under study
B. Exciter system Modelling

Here, IEEE-ST1 type excitation system is considered
shown in Fig 2.
V
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Fig. 2 IEEE ST1 type Excitation
C.TCPS and TCSC controller modelling

The design of TCPS and TCSC based controllers are based
on conventional lead-lag type. The TCPS based controller
consists of washout block, single stage lead-lag block and
gain block [6].The TCSC based controller consists of an
additional a first order lag block [3] with time constant
ranging from 15 to 20 milliseconds. In stability studies it is
not necessary to model the gate pulses [3]. The input signal
to the controllers used as speed deviation of the generator.
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The controller structures for TCPS and TCSC are shown in
Fig.3 and 4.The lead-lag block is used to provide phase-lead
characteristics to provide required phase lag. The wash out
block serves as a high-pass filter with time constant in the
range of 1 to 20 seconds.
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Fig. 3 Structure of TCPS based Controller
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Fig. 4 Structure of TCSC based Controller

The non-linear equations of Eq. (2) for the power system
with both TCPS and TCSC FACTS devices can be modified
as [17]:
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D. Linearized power system model

The non-linear Eq. (1)-(2) can be linearized about an
operating point to have a linear model.

EA(S =W,Aw
dt
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Where, TCPS and TCSC facts devices can be obtained from Eq. (5),
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For TCSC based controller, using perturbed values, we have
From Fig (4)

AP = Aw

¢= 1+sT '
d AP, ~K A5 - DAw, — KAEQ'- K Af | 1
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w

Where, AJ— and B; values are formed using Eq. (6)-(8).

1. SYNCHRONISING AND DAMPING
POWER
With electrical power systems, the change in electrical

power of a synchronous machine, following a small
disturbance can be resolved into two components [4],[10].

APe = K A5+ K A,
(10)
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Lack of sufficient synchronizing power results in instability
through a periodic drift in rotor angle ( Kg = pu power /
rad).

Lack of sufficient damping power results in oscillatory
instability ( K, = pu power / pu speed deviation).

For a generator connected radially to a large power system,
in the presence of automatic voltage regulator, the instability
is due to the lack of sufficient damping power. This results
in instability through an oscillatory mode.

When TCPS and TCSC are acting in coordination than

K;Cps (1+ STA)+ K, KieP TePS
K; +5Tdo")(1+5T, )+ KK,

AEq‘ﬁcps _Tesc T T l:(

B K;CSC (1+ ST, ) + K, K™ Tese
(K, +5Tdo")(1+5T, )+ KK

(11)
And,
APE s 1osc = KPP AF T 4 KSCAFTEE
K‘:C i (1+ STA)+ KAK\SCpS Af TCPS
(K, +5Tdo")(1+5T, )+ KK,
2 Ko (1+5T, )+ KL K™ s
Af
(K, +5Tdo")(1+5T, )+ KK,
(12)

Rearranging Eq. (12) in terms of rotor speed deviation,
Kg’ps G,(s)+ K:fs" G,(s)
K, (G3(5).G,(s) + G,(5).G,(5))

APelTCPS _TCsC r

(13)
Where G, (S) values for particular oscillatory eigen values
are given in appendix.

V. OBJECTIVE FUNCTION
The mathematical expression describing a relationship of
the parameters is called an Objective function. In this paper,
an eigen value based objective function consisting of
coordinated controller parameters [2] is considered. As the
main objective is to enhance power system oscillation
damping, maximize-tion of the damping ratio (&) of poorly
damped eigen values of the power system is considered.
Hence, the Objective function J is given by:

=min( 30-5) |

i=1
(14)
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Where, & = ——=—"—
\lGiz +a),2
Subjected to:

Kmin < K < Kmax

T <T, <T™

T, <T, <T,™

Where, K and T represent controller gains and time
constants of lead-lag blocks respectively.

V. GENETIC ALGORITHM

Genetic Algorithm (GA) is a search heuristic that mimics
the process of natural evolution [13].Genetic Algorithms
belong to the larger class of evolutionary algorithms (EA),
which generate solutions to optimization problems using
techniques by natural evolution, such as inheritance,
mutation, and crossover. The objective function assigns
each individual a corresponding number called its fitness.
The fitness of each chromosome is assessed and a survival
of the fittest strategy is applied.

Here, GA is used for optimizing the control variables of
coordinated FACTS controllers. All variables are optimized
by minimizing the objective function given by Eq. (14).

The GA parameters used in optimization are given in Table
|

TABLE I.
GA Parameters
Parameters Type / Value
Population Size 20
Maximum Generation 500
Selection Function Roulette

Convergence Criterion Maximum generation

Crossover Heuristic

VI. SIMULATION RESULTS

The dynamic performance of the test system is analyzed
about an operating condition given in appendix. The system
Eigen values of two controllers are optimized by GA with
minimizing the objective function. The optimal values of
different control variables are given in appendix. Six
different control schemes are employed to analyze the
performance of coordinate controller. The system is tested
with PSS, TCPS, TCSC, PSS & TCPS, PSS & TCSC and
TCPS & TCSC.

The Eigen values of electromechanical mode for six
different control schemes are given below in Table II. The
time-domain simulation is carried out using MATLAB
software package for an operating condition following a 1 %
step perturbation in mechanical power. The simulation
results are given in Fig. (5) to (7)
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Fig. 5 Comparative System dynamic response (a) Rotor angle (b) Rotor
00t speed variation (c) Active power deviation.
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Fig. 6 Comparative System dynamic response (a) Rotor angle (b) Rotor 0l
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Fig. 7 Comparative System dynamic response (a) Rotor angle (b) Rotor
speed variation (c) Active power deviation.
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Synchronising and Damping Power Components for Different Schemes at

TABLEV

their Respective Oscillatory Mode.

UULTEMAS

Control Scheme Eigen Value Ks Kb
No Scheme 0.0431 + | 7.481 15214 | -0.7367
PSS -0.8054+ 180808 | 17927 | 13.7567
TCPS only 14823% 15,0575 0.755 | 253175
TCSC only 13396+ 152283 | 07918 | 22.8799
TCPS with PSS 19035+ 149881 | 07748 | 325112
TCSC with PSS 2 oa6+ 14786 0.7506 | 38.3379
TCPS with TCSC 25004+ 152064 | 09325 | 42.7056

(8]

(9]

[10]

[11]
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“An overview of Genetic

The simulations results show that the test system
dynamic performance and the damping are enhanced by
simultaneous tuning of two FACTS based controllers. The
damping ratios of poorly damped electromechanical modes
are improved using tuning with GA based optimization.

VI. CONCLUSION

In this paper, genetically optimized coordinated
control of thyristor controlled series compensator (TCSC)
and a thyristor controlled phase shifter (TCPS) based
controller is discussed. An objective function is minimized
using GA for finding optimal control parameters of
coordinated controller. Six different control schemes are
employed on the test system to investigate the performance
of proposed controller. The time domain simulation is
carried out in MATLAB software. The small signal stability
analysis of the test system is discussed using proposed
coordinate controller. The damping in the system is
enhanced by simultaneous employment of two FACTS
based controllers.
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APPINDEX
The data of single machine infinite bus system

Synchronous generator: (Base Power 100 MVA)

X, Xy | Te X4 H f,
(p.u) | (p.u) | (seconds) | (p.u) (Hz)
1.445 1 0.316 | 5.26 0.959 | 4.27 | 50

IEEE Type-1 Excitation System

K, | T, (seconds)

100 | 0.01

PSS: T, =2 seconds
TCPS: T, =2 seconds, F =1.0

TCSC: T, =2 seconds, X;csc=1.0p.u
System operating condition:

CASE 1
P (p. u) 0.736
Vbo (p. U) 0.92
Vto (p. u) 1.0522
50 (deg) 29.85
E('10 (p U) 1.2713
Vi (p. U) 03789

G, (S) expressions are:
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ST, [ 1+sT
1+5sT, J{ 1+sT,*

Gl(s) = KTCPS

I sT. 1+ ST k
G — W 1 C
2(5) T\ 1+sT, J\ 14T/ ) 1+5T,
6.(9) = K:eP (1+\ ST, )+ K, K™
| (K;+8Tdo’)(1+5T, )+ KK |
6.(5) K (L4ST, )+ KK
4 | (K, +5Tdo")(1+5T, )+ KK, |

BIOGRAPHIES

Divya Rishi Shrivastava received the B.Tech. degree in Electrical
Engineering from Kamla Nehru Institute of Technology Sultanpur in 2012
and M.Tech degree in Power and Energy System Engineering from
National Institute of Technology Silchar, Assam, India, in 2014. He is
currently Assistant Professor in the Department Electrical & Electronics
Engineering, JCE Belgaum, Karnataka, India.. His research interests
include Power System stability, Application of soft computing techniques
in power system control and operation, Hybrid Energy systems.

www.ijlitemas.in Page 48



