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Control for Damping Inter-Area Oscillations
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Abstract: The study proposes a Static Var Compensator (SVC) design to improve the power system damping
in the presence of some physical disturbances. An online hybrid Adaptive Recurrent Neuro Fuzzy (ARNF)
control based on Gaussian membership function is presented in this paper to exaggerate the SVC to damp out
oscillations. The proposed ARNF strategy is nonlinear and robust to meet the control objectives and to handle
the uncertainties faster than traditional controllers. Due to the persistent nature of control it is vigorous to
changed conditions and quickly restores the system’s equilibrium. A back propagation algorithm is used to
update the parameters of the proposed control and also to minimize the cost function. To evaluate the
performance of proposed control strategy, a three machine test system is developed in MATLAB for different
scenarios. The nonlinear simulation results were compared with Adaptive Proportional, Integral and Derivative
(APID) and Adaptive Takagi, Sugeno and Kang (ATSK). These results show that the proposed ARNF control
gives improved performance during both transient and steady-state regions and greatly increase the system
damping.
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INTRODUCTION

Several power system networks have experienced
angular unsteadiness in the form of low frequency
oscillations, mostly due to inadequate damping in the
system. Two categories of low frequency oscillations are
detected in the networks. One is the local area of
oscillations linked with one or more generators in an area
oscillating against the rest of the system. The other is the
inter-area oscillations involving a group of generators on
one side of the tie line oscillating against another group
of generators on the other side. However, low frequency
oscillations with the frequencies in the range of 0.2 to 2
Hz. As a result of these electromechanical modes of
oscillations make the system vulnerable to cascading
failures and a higher risk of instability of power system.
Therefore, to maintain the stability of the whole system,
it is very important to damp the electromechanical
oscillations in a very short interval of time [1, 2]. To damp
out these oscillations, many auxiliary stabilizing controls
have been designed for devices such as power system

stabilizers (PSS) [3, 4], Static Var Compensators (SVC)
[5-9] and other Flexible AC Transmission System (FACTYS)
controllers [10-13].

The most popular type of FACTS controllers in terms
of application is the SVC. SVC is functional for power
oscillation damping, enhancement of stability and
frequency stabilization [14]. By varying its reactance
feature from inductive to capacitive, the SVC has the
ability to control the power flow and improve the potential
of power transfer in power systems. The SVC with
supplementary control signal has the ability to enhance
the stability and damping of power system oscillations in
their voltage control loops [15]. In recent years, many
researchers have presented schemes for regulating SVC
stabilizers to improve the damping of electromechanical
oscillations of power systems [16-18]. The fundamental
drawback of these schemes is that the effect of load model
parameters on tuning SVC stabilizer has not been taken
into account. Almost all of SVC stabilizers have been
tuned based on fixed load parameters. If the constraints of
typical loads vary; consequently, the SVC stabilizers
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tuned under set load parameters may become undesirable
under other load parameters. Various techniques are
presented for designing supplementary controllers in
SVC. The conventional supplementary design, which
offers a good dynamic performance under one scenario,
may no longer yield the suitable results for the other
scenario such as PI and PID control scheme [19, 20].
The amount of nonlinearity of a power system and a
persistent change in the operating points make it very
complex to attain a good stabilizer design, which gives
acceptable performance over a broad range of operating
conditions. To overcome this problem, some
adaptive/self-tuning stabilizer designs have been
recommended for PSS [21-23] and SVC [24]. A
synchronized tuning of a PSS and a SVC controller based
on Genetic Algorithm is suggested in [25]. In [26], a new
strategy is represented to locate optimal position of SVCs
to enhance power system stability. In order to improve
power system stability, a new strategy based on wide area
signals via SVC is proposed in [27]. In [28], a new hybrid
technique is presented to simulate power systems
equipped with SVC.

Recently, fuzzy logic and artificial neural network
Controllers have appeared as an efficient tool to
damp undesirable oscillations in power systems [29, 30].
In [31], a fuzzy logic control was proposed for SVC. Fuzzy
logic approach is a burning tool for solving complex
issues whose system performance is complex in nature.
An attractive aspect of fuzzy logic control is its
robustness to system parameters and shows flexibility
when system’s operating conditions varies [32, 33].
Fuzzy logic controllers (FLCs) are proficient of enduring
vagueness and ambiguity to a greater degree [34]. Fuzzy
logic strategy has been emphasized in power system
issues of transient stability enhancement and damping of
oscillations using FACTS devices [35-37]. However, the
weaknesses of the fuzzy inference system were entirely
based on the knowledge and experience of the human.
Since both fuzzy logic and artificial neural network have
their relative benefits, a powerful processing with both
advantages can be achieved by merging them together.
More recently, the use of adaptive neuro-fuzzy based
power oscillation damping controllers has been suggested
as an effective way. The adaptive neurofuzzy combines
the advantages of fuzzy logic and neural network
together. The learning ability of neural network is used to
regulate the parameters of fuzzy logic in different
scenarios to attain a better performance [38, 39]. However,
a major drawback of the neurofuzzy system is that its
application field is restricted to static problems due to its
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feed forward network composition. Processing sequential
problems using the neurofuzzy system is inefficient. On
other hand, ARNF structure is based on supervised
learning, which is a dynamic mapping network and is more
appropriate for dealing with dynamic systems than the
neurofuzzy system [40-43].

This paper examines the design of an auxiliary hybrid
Adaptive Recurrent based NeuroFuzzy (ARNF) controller
to satisfy power oscillations by SVC. The ARNF is a
recurrent multilayered connectionist network for
determining the fuzzy inference system and can be
developed from a set of fuzzy linguistic rules. The
sequential relations entrenched in the ARNF are
developed by summing feedback connections in the
second layer of the fuzzy neural network. This adaptation
provides the increase in memory elements of the ARNF
and improves the basic ability of the fuzzy neural network
to include sequential problems. Since a recurrent neuron
has an inner feedback loop, it extracts the dynamic
response of a system, thus the network model can be
generalized and has the advantages of being dynamic and
robust.

This ARNF has the self-learning ability of ANN with
the linguistic expression function of recurrent fuzzy
inference. By using a hybrid learning procedure,
back-propagation, the parameters of membership
functions and weights are optimized and can build an
input-output mapping based on both human knowledge
and stipulated input-output data pairs. The initial setting
of membership functions for the fuzzy logic is done and to
make it more flexible and nonlinear the antecedent part of
fuzzy logic is made recurrent based on the dynamical
behavior of SVC. Since, ARNF can be rated as an efficient
and robust method for tuning the membership functions
to reduce the measured output errors. An auxiliary ARNF
based controller is developed to adapt the equivalent
susceptance of the SVC during the transients to
improve the stability of the power system. Subsequently,
aiming to offer a fruitful examination, a comparative
study is presented where the ARNF based controller is
compared with conventional TSK and PID controller.
Simulation results using MATLAB/Simulink authenticates
the better damping of low frequency oscillations
obtained with ARNF based controller. This paper is
divided into VI sections. Sections II and III explains the
SVC phasor modeling and multi machine power
system for SVC installed. In the section IV proposed
model ARNF system is presented. Finally, sections V
and VI give the simulation results and conclusion of the
work.

ie.
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Sve Phasor Model and Control: An SVC is one of the
renowned shunt connected FACTS controller which is
used as a reactive compensator in power system. The SVC
model used in this study is of TSC-TCR type. It generates
reactive power (leading VARS) when its voltage is more
than the system giving capacitive effect. However, it
absorbs reactive power (lagging VARS) when its
generated voltage is less as compared to system voltage
and acts just like a reactor. The SVC phasor model and
internal control is given as below:

SVC Phasor Model: The phasor model of SVC under
balanced three phase AC system voltages can be
represented as [44];

(1

1abc_scv =- stc eabc_svc

2

lTabc_scv = Tl"CR (? svc) + Tl"SC

where, iy defines the SVC injected current and Ssve
gives the voltage generated by the SVC control.

)

The SVC susceptance injected into the system is
given by;

l 2_%+lsin2 WSVC
7L p P

T]"CR (lllsvc ): - (3)

Bgye= Brer (Wsve )+ Brsc )
here,

1 2y 1.
BTCR (stc)_?_L(z'%+55m2stcj (5)

The TSC-TCR type SVC usually consists of one TCR in
parallel with ‘n” TSC, so

(6)

Brsc=nB¢

where ¥sve =¢+¢, with '¢" as a synchronizing angle and '¢’

is the firing angle and lies in the range of 90° to 180°.

When Were=90° the SVC injects maximum susceptance
V(

while when , —150° , the SVC susceptance is zero. The

reactive power injected by SVC is given by

(7

- 2
Qinj_svc_ “Cm stc
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Internal Control

Fig. 1: SCV internal control connected to multi-machine
power system

By using ‘dq’ reference frame, the current injected by
SVC control can be written as follows;

L sve

- 2 2 - ‘2p
1dq_svc=§|:1 a a :| io_svc » Where
L osve

3

®)

a=¢

SVC Internal Control: Fig. 3 shows the SVC with its
internal main control connected to a multi-machine test
system. The internal control consists of measurement
unit, voltage regulator, synchronizing system and pulse
generation module. The supplementary damping control
is connected to the main control to provide additional
damping to the system in consequent to its main task.
The supplementary damping control used in this study is
ARNF and is discussed in the proceeding section.
The measurement module is used to provide the
necessary inputs to other control blocks to perform their
functions. Voltage and current is measured by using PT’s
and CT’s. Output of measurement block is given as input
to the voltage regulator. The voltage regulator compares
this input voltage with reference to signal and generates
the error signal which is sent as input to PI controller.
The output of the controller is per unit susceptance which
is generated to reduce the error signal to zero. Output of
voltage regulator corresponds to the required reactive
power output of compensator. Firing angle (¢) can be
calculated by using susceptance to firing angle converter.
The purpose of the phase locked loop (PLL) is to generate
pulses (¢) that must be synchronized with the
fundamental component of system voltage to minimize the
harmonics.

Multi-Machine Power System with SVC Installed:
The multi-machine power system dynamic model used in
this study is given as follows [45];
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dd

a_ ©)

dt Wrep

M2 p b Do (10)
dt

CdBg () i}

T 4= (xqq 1o~ Ea (11)
"

' GBq _ ) ; ' ) ' (12)

Tao 3 = Bu (Xd Xd)Id Eq

By (Vg 13

T de (xqxa )1g- Eq (13)
"

By (o (14)

TdOT_ q-Eq- (Xd-Xd)Id

The stator algebraic equations with zero armature
resistance are

| O H+ Eq (15)
0 XZ{ Id Eq
The terminal voltage of the generators in machine
coordinates can be expressed as

Ug

U

q

Ug=E;+ x;Iq+j(E:l-x:iId) (16)

The network model before installation of SVC,
between bus bars 2 and 3 is given as;

0] [Yn Yo Yi3 Yig El
01 | Yo Yo Yo3 Yy | Uz
0151 Y51 Yo Yy Ysg || UB an
Ol 1Yy Yoo Y Yo | Ug
6] [ Yo Yoo Yas Yool Ug

After installation of SVC into the network, the
network model can be written as

Yo 0 0 YglU

-k
0 Y 0 Yy ||Uy | |-bk (18)
0 0 ?3;3 ?3(3 U3 _i3K

?Gl S_{02 S7(33 ?GG Ug iG

Multi-machine power )

system
L~ |
3K L Xk |
:\\I

Fig. 2: SVC connected between bus bars 2 and 3

The output voltage of SVC in phasor form is given
by;

sve ™ m ? sve (19)

From Fig. 2, the voltage difference across the
coupling transformer is

I_JK:jchsch'_ Esvc (20)
where,
]Tsvc:TZK+T3K (21)

The voltage at the bus bars 2 and 3 can be written as
U, ]_ |:jX2K 0 } | HI—JK 22)
Us 0 jxak || bk 1

Putting value of Uk from (20) in (22),

F_Jz} _ |:j(x2.K+xc) ‘ Xe j||:12K:| N HESVC (23)
Us X i(xax*xc) || bk 1

|:EZK:| _ L|:j(X2K+XC) 'jxc :||:UZ_ESVC:| (24)
b | X[ A% i(x3k %) | Us- e

where,

X= xg- (x2K+xc)(x3K+xc) (25)
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The generator current is then given as,

_ _ _ o Y _
- 5| 2G
i = YGG'[YG2 YG3:|YU23 H? H]UG
3G
. XK (26)
s < -1 X |=
+[Yor Yas |Y0, Csve
jX3K
X
where,
o J(Xog X X
Y22+ ( C) C
?[_Jl _ X X
» 'jxc 3! +J(X3K+Xc)
33
X X

Proposed Adaptive Recurrent Neurofuzzy Control: In
this section, the proposed hybrid Adaptive Recurrent
NeuroFuzzy (ARNF) is presented to illustrate that the
ARNEF is a system simplified from the neurofuzzy system.
The key features of the ARNF are that, it has dynamic
mapping potential, temporal memory, universal estimation
and the fuzzy inference system.

This section presents a fuzzy inference system
implemented by using a multilayer recurrent neural
network, called an ARNF. A schematic diagram of the
proposed hybrid ARNF structure is shown in Fig. 3,
which is organized into ninput variables, m- nodes for
each input variable, ' output nodes, mxn and rule nodes.
This ARNF system thus consists of six layers. Layer I
accepts input variables. Its nodes represent input
linguistic variables. Layer II is used to estimate Gaussian
membership function. The Gaussian function is adopted
as the membership function. Nodes in this layer
characterize the terms of the particular linguistic variables.
Nodes at layer III signify fuzzy rules. Layer III forms the
fuzzy rule base. Links before layer III represent the
prerequisites of the rules and the links after layer III
characterize the consequences of the rule nodes. Layer IV
represents the weights w;, of neural systems and layer V
and IV represent the defuzzification of the neurofuzzy
system.

ARNF Layered Structure: A fuzzy logic system normally
accumulates its data in the shape of a fuzzy algorithm [46],
which consists of a fuzzy linguistic rules relating to the
input and output of the network. Then the ‘'min” rule has
the form:
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Recurrent Part

V Layer V| Layer

I Layer 11 Layer 111 Layer IV Layer

Fig. 3: ARNF Layered Structure

Rl: IfIll is All and 112 is A12 and ... Iln is Aln Then 5’1 is Bl
Rz: IfIz] is A21 and 122 is A22 and ... 121’1 is A21’1 Then 572 is Bl

Ry Il is Ay and I pis Ayp and ... 1 is A Theny,, is B,
27)

Where, Ii.12,..1p and 91,92, ¥m are the inputs-outputs
variables and A; shows the Gaussian membership
functions of i" input and j" rule. The output of the system
can be expressed as:

(28)

The structure for the ARNF network is depicted in
Fig. 3. It comprises of six layers:

Layer I: This layer is the input layer, i.e. introduces the
inputs I, 12, .. In. This layer accepts the input values and
transmits it to the next layer.

Layer II: In this layer the fuzzification process is
performed and neurons represent fuzzy sets used in
the antecedents’ p art of the linguistic fuzzy rules. The
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outputs of this layer are the values of the membership
functions, i.e. p;(k). The membership of i" input variable
to j" fuzzy set is defined by Gaussian membership
function and be represented as.

(0 (0-gy)*

= (29)
mk=e Y
and
L(k)=0'(k)+0%(k); k=1,2,..,n
where,
07 (k) = m;(k-1). 9 (K) (30)
So mij(k) can be written as
2
[ 01ty (1.0 (o)-gy) 31

Sij

nk)=e

where 'gij' is the mean and 'sjj' is the variance of the
membership function. O'(K) is the input to the first layer, mij(k-1)
is the previous value of membership function and ;)

represents the linkage weight to the feedback unit. It is
clear that the input of this layer contains the memory
terms 7ij(k-1) , which store the previous information of the

network. This is the clear difference between the
neurofuzzy and recurrent neurofuzzy system.

Layer III: This layer is the fuzzy inference layer. In this

layer each node represents a fuzzy rule. In order to

compute the firing strength of each rule and min operation

is used to estimate the output value of the layer. i.e.

() = [ [0 (32)
i

Where is the 1 operation, n (k) are the degrees of the

membership function of the layer II and p;(k) are the input
values for the next layer.

Layer IV: This layer represents the hidden weights w;, of
the ARNF system.

Layer V and VI: These layer operates the defuzzification
process, i.e.
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m
Z HijWip

u= il (33)

m
2K
i=1

where, ' is the output for the entire network. The training
of the network starts after estimating the output value of
the ARNF system and w,, are the weights between the
neurons of III and IV layers and P=12,...m1" g the
number of classes.

Learning of Update Parameters: The ARNF learning
process is to minimize the error input and output values
by adjusting network parameters. The gradient descent
method is used to adjust the values of weights 'wip' and

mean 'mjj' and variance 'sij’ of the membership function

ARNF. To minimize the error between the actual output
value of the system and the desired value, a gradient
descent method is used and can be can be expressed as;

B0 = 2 (3409 - y(0)) (34)
Where 'vq¢' and Y' are the actual and desired output of
the system. By using the back propagation learning
algorithm, the updating parameters of the ARNF is fine-
tuned such that the cost function defined in (34) is less
than a desired value. By recursive functions of the chain
rule, the error expression for each layer is first calculated
and then the parameters in the corresponding layers are
adjusted. The famous back propagation algorithm for w;, mij,s

and % may be expressed as

OE
wip (k+1) = wi, (k) -y (35)
p p awip
E
gkt 1) = my () -y (36)
0g;
OE
sij(kt1) =s;(k) - Y osn (37)
Sij
OE
Gj(kt1) = (k) - e (38)

1

Where, y shows the learning rate. The chain rule for the

W, and d; can be represented as;

ip> mij g

ij2
OB _EY

== (39
dy Cu aWip

ow ip
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OB OB oy ou O

= (40)
ogij Oy Ou Op; Og;
OB _OE Oy ou Ok (41)
60'ij éy ou aHU 80'1_]
OE _0OE dy ou OWj (42)

00 Oy ou oy ovy

By taking the derivative of the above equations, it gives

°E _ B
vy Va9~ 43)
D
i=1
0 (g 00900 0
8ij ZH'

o (44)

2[01<k)+? j(k-l).ﬂlj(k)-gijJ
ij
O 5900500 022 0
Sij

du

pary (45)
2[01<k)+? j(k-l).z%j(k)-gijJ

]
O 3000900 xS 0
1j
du
pary (46)
1
”, (k_l)[ 0'42,c1). 3 (0 ]
Sij

Where, the quantity % is approximated by a constant
ou

[47]. These above equations give the required change in

update parameters of ARNF network.

RESULT AND DISCUSSION
To the performance of proposed

supplementary control strategy for SVC, the nonlinear
simulations were carried out in a multi-machine power

justify
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Table 1: Multi-machine power system parameters and data

Type of Data Parameters

S1=4200MVA, Sy=S3=2100 MVA,
H=3.7sec,v=13.8kV,

Generators

f=60 Hz, Rg=2.8544e-1, X4= 1.305,
X'g=0.296, X"4=0.252,

Xq= 0.474, X'q= 0.243, X”q= 0.18,
Tq=0.101 sec, Tq0= 0.1 sec,

Tg=0.053 sec, Poj = 0.9748,
Pey = 0.6094, Pe3=0.419

Loads Load 1= 7500 MW+1500 MVAR,
Load 2=Load 3=25 MW

Load 4 =250 MW

Transformers ST1=4200 MVA, ST2=ST3=2100 MVA,
13.8/500 kV, 60 Hz,
R1=R2=10.002,L;=0,Ly=0.12,

Ry =500, Ly, =500

Transmission lines 3-phase, L1 =350 km, Ly =50 km,

L3=100 km, R1=0.0254 O/knm,
Ro=0.3864 O/km, Lj=0.9337¢™> H/km,

Lo=4.126¢™ Hkm,

-9 9

C1=12.74¢” F/km, Cy=7.751¢™ F/km

system. The system is divided into two areas having three
machines, four loads and 6 bus bars. The areas are
interconnected by two tie-lines with the help of step-up
transformers. Generator-1 (G,) is placed in area 1 while
Generator-2 (G,) and Generator-3 (G;) are in area 2 as
shown in Fig. 4. To damp the inter-area power oscillations,
the SVC based power system model is implemented in the
MATLAB/Simulink toolbox. The SVC is connected near
bus 3 at the mid of the transmission line L,. The
transmission lines, loads and machines parameters and are
provided in Table 1.

The power flow analysis is performed on the test
system by taking G, as a swing bus, G, and G; as a PV
generator buses. The initial operating conditions for G,
are 4095 MW, 1794 MV AR, for G, and G, are 1279 MW,
321 MVAR and 871 MW, 177 MVAR, respectively. The
simulation results of proposed SVC-ARNF control are
compared with that of SVC-ATSK control and
SVC-APID.
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Table 2: Settling Time Performance Improvement

Performance improvement (%) for ARNF Control

O, Oy

Rotor angle Deviation ATSK Control APID Control ATSK Control APID Control
Case 1 Single line to ground fault 40.6 52.66 36.6 54.34

Multiple small perturbance 25 34.5 22.7 33
Case 2 Three phase to ground fault 38 49 33.7 47.12

Sudden load rejection 36.5 53.7 35.79 51.49

Case 1: Small Perturbance
s SVC-ATSK

— SVC-ARNF

tume (sec)

V-

SVC-ATSK
e SV C-ARNF
- - SVC—APID

| (b)

rotor angle deviatio

0mlicy +o e SVC-ATSE
SVC-ARNF

0.02 - = = SVC-APID

z o001}

£

= 0

Tg—‘:)fl]

o0}

003

time (sec)

(a): Rotor angle deviation (6,,)
(b): Rotor angle deviation (6,,)
(c): Control effort

Fig. 5: Case 1 Single phase to ground fault

To guarantee the efficiency and robustness of the
proposed ARNF control approach, different types of large
and small perturbance are added to the power system
during simulations. They are categorized into two cases
as discussed in the subsection.

543

Single Line to Ground Fault: To examine the
effectiveness of the proposed ARNF control strategy, a
3 cycle single phase to ground fault is applied on
transmission line L, at t=2 sec near bus 6. The fault is self
cleared at t=2.05 sec. Fig. 5(a) and Fig. 5(b) shows the
inter-area rotor angle deviation of the perturbed system.
The post fault system response in steady state region is
oscillatory with SVC-APID and SVC-ATSK control
whereas less oscillation can be observed with SVC-ARNF
control as shown in Figure. Fig. 5(a) reveals that in the
first swing, the overshoot of the system is decreased very
much with SVC-ARNF which shows its improved
performance during the transient state. The settling time
of proposed control is also reduced very much as
compared to other control strategies which is summarize
in Table 2.

The control effort provided by the respective control
schemes is shown in Fig. 5(c). It can be seen from result
that when the fault occurs in the system, then the SVC-
ARNF increases its control effort to bring the system to
a stable equilibrium point and to damp the oscilations
quickly.

Multiple Small Perturbances: in this case two different
types of physical perturbances are added to the multi-
machine power system. In the first case, a 3 cycle self
cleared single phase to ground fault is applied at t=2 sec
and the second case, a step increase in the
mechanical power of G; is added to the system at t=13 sec.
The system remains in this faulty condition for about
1.5 sec. In case SVC-APID and SVC-ATSK control
strategies, the damping is improved but still oscillatory
behavior can be seen in steady state region. With the
proposed SVC-ARNF, the rotor angle oscillations are
damped out fully and the system regain its equilibrium
state after being subject to this physical perturbance as
shown in Fig. 6 (a) and Fig. 6 (b). The force applied by

in



Middle-East J. Sci. Res., 16 (4): 536-547, 2013

SVC-ATSK

»xE ({I) i SVC-ARNF
o = = = SVC-APID

rotor angle deviation 8, (degree)

v SVC-ATSE
SVC-ARNF

- o= = SVC-APID

3 W & W

roior angle deviationd,  (degree)
5 8k

S o

<]

— SVC—-ARNF
- - = SVC-APID

1 |
UU

(a): Rotor angle deviation (6,,)
(b): Rotor angle deviation (6,,)
(c): Control effort

AL,

VIV

)
=

| contgol effon (N)

e
[

003

20

0 10 15

time (sec)

Fig. 6: Case 1 multiple small faults

each control to damp the mechanical oscillations is shown
in Fig. 6(c). The numerical values of improved overshoot
and settling time of the SCV-ARNF can be seen from
Table 2.

Case 2: Large Perturbance

Three Phase to Ground Fault: To further investigate the
robust efficiency of the proposed SVC-ARNF control a 3
cycle, three phase to ground fault at t=4 sec is applied on
line L,,. The fault is cleared by permanently removing the
line L,,. Due to this severe perturbance, the system
response is drifting very much and the rotors of the
generators starts oscillating among each other. As a result
of these mechanical oscillations, the system becomes
unstable. Fig. 7(a) and Fig. 7(b) shows the rotor angle
deviation &,; and §,, respectively. These results show
that in case of SVC-ARNF, the post fault oscillations are
completely damped out whereas oscillations can be seen
in case of both SVC-ATSK and SVC-APID. The transient
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[]
B 5
R
w45t
E
F 40}
< st
-
]
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g
B st
55
= e SVC-ATSK
g 50T (b) SVC-ARNF
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1
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tume ($2<)

(a): Rotor angle deviation (6,,)
(b): Rotor angle deviation (6,)
(c): Control effort

Fig. 7: Case 2 Three phase to ground fault

and steady state response of proposed SVC-ARNF is
better than the other control strategies. The simulations
also reveal that due to line removal, the system operating
point is changed and moves to a new steady state
condition. This mean that the SVC-ARNF shows
robustness to keep the system on an optimal operating
conditions. The overshoot and settling time of proposed
SVC-ARNF are reduced very much as compered to other
control schemes as shown in Table 2. The effort provided
by each control to regain the system to new stable
equilibrium state is shown in Fig. 7(c).

Sudden Load Rejection: In this case, the performance of
the proposed control is analyzed by suddenly dis-
connecting the 250 MW load (Load 4) at t=2 sec for 9
cycles. The fault is self cleared by re-connecting the load
at t=2.15 sec. Due to this large load rejection transients are
produced in the system and its overshoot increases
significantly in the first swing as shown in Fig. 8(a) and
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Fig. 8: Case 2 Sudden load rejection

Fig. 8(b). It can be observed from the results that with
SVC-ARNF control, the overshoot in the second swing is
reduced very much and also it brings the system back to
its original steady state very quickly as compared to both
SVC-ATSK and SVC-APID control. The improved
response of proposed SVC-ARNF during transient and
steady state regions shows
superiority over the other control schemes. Fig. 8(c)
shows the control effort given by each adaptive control
to damp the inter-area oscillations.

its effectiveness and

CONCLUSION

In this study ARNF control strategy has been
effectively implemented as a supplementary control for
SVC to damp the power system oscillations. The ARNF
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control parameters are tuned online using back
propagation learning algorithm. A three machine power
system along with SVC connected in the mid way has
been  considered as a  test system in
MATLAB/SIMULINK. To evaluate the proposed control
performance various kinds of physical disturbances are
added to the simulated system and then respective results
are compared with APID control and ATSK. The
simulation results show that the designed SVC-ARNF
control has the ability to guarantee the system damping
under the perturbed conditions. The proposed control
strategies also increase the convergence and robustness
of the system. Also, the computational ability of the
proposed ARNF technique is better than the APID and
ATSK techniques.
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