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Abstract— Stability exploration has drawn more II. SINGLE MACHINE INFINITE BUSSYSTEM

attention in contemporary research for huge
interconnected power system. It is a complex frame
describe the behaviour of system, hence it canteraa
overhead for modern computer to analyse the power
system stability (PSS).The preliminary design and
optimization can be achieved by low order liner elod
This paper presents a hybrid approach for the ditstbi
analysis of single machine infinite bus system gisin
generic power system stabilizer (GPSS) and propoati
integral-derivative.
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l. INTRODUCTION
In the world always try to have good managementngf
product regardless, because the challenges albetes
and minimized losses. In what could and managed to
better the power produced by a power plant, anddxg
the stability of the power system when it is putattarge
defect (three-phase short circuit). This defeditiser due
to the increase of the load or due to fluctuationgower.
Therefore it is inevitable to construct an addiibpower
plant and transmission lines to replace a centaahatje
by a defect. This additional line narrowed and ecmisl
financial and environmental problems.
The use of FACTS (Flexible AC Transmission System)
can now increase the capacity of the power trarsams
without considering the construction of the additibline
in this manner by solving such problems. In theifaof
FACTS, we see Thyristor-Controlled Series Capasitor
(TCSC), Static Synchronous Compensators (STATCOM)
and Proportional-Integral-Derivative  (PID). These
contains the ability to increase the power conaot
system stability. The allocation of this unit aimachieve
the most effective stabilization system modes witils is
a complex issue that requires consideration of redve
factors.
These considerations include the identificatiomofles,
branches, locate the controllers of the system ted
choice of suitable reaction. Modern power systemes a
complex and large scale. Disturbances lead to ehafig
the network topology and results in a non-lineapomse
of the system.
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(SMIB)
Algorithmic simplicity can be achieved by focusiog
one machine. Therefore, the single machine infibite
(SMIB) system came into existence instead of multi-
machine power system. As shown in Figure 1, a singl
machine is connected to infinite bus system throagh

transmission line containing inductangand
resistance.
a_; e x, Db
Infinite bus

Fig.1: Single machine infinite bus system
The generator is demonstrated using transient maedel
indicated by the accompanying equations.
Stator Winding Equations:

Vg = —Tylg — Xgiq + Eg (€h)
Vg = —Tyiqg — Xqiq + Eg )

Where

E,is the d-axis transient voltage.

E"]is the g-axis transient voltage

x(;is the g-axis transient resistance

x4is the d-axis transient resistance

7, is the stator winding resistance

Rotor Winding Equations:

. dEg , N
Tclod_tq+ Eq =Ef — (xg — x0)ig (3)
. dE, . N
qud—t" +E;=E — (xg —xg)ig (4)
Where, T,,is the d-axis open circuit transient time
constant.

Tq'ois the g-axis open circuit transient time consfaist
the field voltage.
Torque Equation:

Toy = Eqiq + Egiqg + (xq — x4)igiq (5)
Rotor Equation:

d

ZHd_(: = Tmech — Tet — Tdamp (6)

Then
Taamp = DAw (7

Where,
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T,,is the electrical torque.

Taampis the damping torque and

D is the damping coefficient.

Thecntepresents mechanical torque, which is constant in
this model.

[ -

Fig.2: Heffron-Phillips model — SMIB

For the study of single machine infinite bus systam
Heffron-Phillips model can be obtained by lineargithe
system equations around an operating condition. The
obtained Heffron model is as in figure 2 and esaent
mathematical equations related with SMIB framework
are:

d

E(S = wpSm 8)
d 1
@™ T on [Tmech — Tetec — DSm] 9

wEa= i[b}d — Eq + (Xg = Xo)id]

aeBra = 1 [Ke(Vres + Voo = Vi) — Era]  (12)
= Eqiq + (Xg — Xg)ialq (12)
= (13)

(10)

Telec
Sm =

Wp

Where,
& =Rotor angle.
Sm= Slip speed.
Tmecn ~ @nd T,.c= Mechanical
Electrical torques respectively.
D= Damping coefficient.
E"I = Transient EMF due to field flux linkage.
iy= d-axis component of stator current.
ig=qg-axis component of stator current.
T,, = d-axis open circuit time constant.
X4, X, - d-axis reactance.
Xg X4= g-axis reactance.
Eqq= Field voltage.
K,, T,: Exciter gain and time constant.
V, = Voltage measured at the generator terminal.
V.= Reference voltage.
Linearized equations are:

A8’ = w,AS,,

AS), = ﬁ [AT,, — AT, — DAS,,]

AT, = K,468 + K,AE,

and

(14)
(15)
(16)
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iAE(; _ [Kg(AEfd—K%AS—AE[I)] (17)
dt K3Tg,
AV, = KsA8 + K, AE, (18)

d , 1 ,
aﬂ@dziZMAAwﬁ+A%$—Am)—A@ﬂ
(19)
Where, Heffron-Phillip's constants are explained as
E,E,,cos8y X, — X,
Kl - b~q0 0 a ?Eb Sln 50
Xo+Xe X, +X,
Xq+ X,
= Lgq
X, + X,
X+ X,
T X+ X,
Xq— X,
=22 _“4F <ing,
X, + X,

2

K

_ XqVaoEp cos &y XaVyo sin &
(X +XIWVeo Ko +XDVio
Xe Yoo

T X, + X, Vo
WhereE,, = Ego — (X4 — Xa)ido

K5=

Ks

8o, E(;o and V,represents the values at the initial
operating condition.

Figure 3 showing the SIMULINK Implementation of
Phillip-Heffron model stated above.

Pomer Angle

Fig.4: Simulink model for proposed SMIB

M. POWER SYSTEM STABILITY
Power system stability is a property that enabldoit
operate in its equilibrium state under normal opega
condition and regain its normal state of equilibriwhen
disturbance occurs.
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Fig.5: Basic block diagram of a synchronous genarat
excitation control system [5]

This paper concentrates electromechanical distaghan
which furthers causes for power fluctuations betwee
electrical networks and generating units. In additthe
electromechanical will also cause the instabilitf o
rotating part of power system [20]. Security of theawer
system relies on its ability to survive any disambes
which may occur without any disturbance in the mew.

A large synchronous generator of a typical exatati
control system is shown in Figure5.

Power system stabilizers (PSS) are utlized on a
synchronous generator to expand the damping of
oscillations of the rotor/turbine shaft. The traahfl PSS
was initially proposed in the 1960s and traditioc@htrol
hypothesis, characterized in transfer functions,s wa
utilized for its structure. Later the progressiverkv of
DeMello and Concordia [1] in 1969, control engirger
and additionally power system engineers, have shown
incredible knowledge and made huge assistanceR8®
outline and applications for both single and multi-
machine power systems.

Optimal control hypothesis for stabilizing out SMIB
power systems was created by Anderson [2] andalso
Yu [3]. These controllers had linear property. Atiap
control methodologies have likewise been proposed f
SMIB, the vast majority of which include lineariiat or
model estimation.

Klein et al. [4, 5] demonstrated that the PSS arehthe
voltage characteristics of the system loads areehug
component in the capacity of a PSS to expand the
damping of inter-area oscillations. Currently, the
traditional lead-lag power system stabilizer is dully
utilized by power system usages [6]. Additionalggpmf
PSS, for example, proportional-integral power syste
stabilizer (PI-PSS) and proportional-integral-dative
power system stabilizer (PID-PSS) have additioniadign
developed [7-8].

Certain methodologies have been connected to PSS

design issue. These incorporate pole placetgnt,
adaptive control, optimal control, variable struetu
control, and various artificial intelligence and

optimization methodologies [9].
The linearized equations of GPSS are:
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dAX,, ddw 1 20
%— GPSST_T AXw(GPSS) ( )
dAX 1 -
(GPSS) T, dXW(GPSS) AX
— + —AX
; 3 : T, w(GPSS) T, (GPSS)

(21)
dAV, T;dX 1
(GPSS) 3 (GPSS)
Zit = T, dt + T_4AX(GPSS) - T_4AVS(GPSS)
(22)
Figure 6 and Figure 7 show the Simulink model for
Generic-PSS and SMIB system connected with GPSS
respectively.

Fig.6: Simulink model for Generic-PSS

poverzui Single Machine Infinite Bus System with Fault Condition with GPSS

—

Power Gty

IV. PROPORTIONAL-INTEGRAL-DERIVATIVE
(PID)

PID controllers give satisfactory performance fany of
the control processes. Due to their simplicity and
usefulness, PID controller has become a powerfutiso
to the control of a large number of industrial Eeses.
The control systems performance is complicated Hay t
numerator dynamics (presence of a zero) of thegsc
Several processes exhibit second order plus tineyde
system with a zero transfer function model.
PID controller contains Proportional Action, Intabr
Action and Derivative Action which is generally ko
as Ziegler-Nichols PID tuning parameters. PID
controller's algorithm is generally utilized as arp of
feedback loops. PID controllers can be realised in
numerous structures. It can be realised as a stimme-
controller or as a component of Direct Digital Goht
(DDC) bundle or even Distributed Control System @&C
It is fascinating to note that more than half ok th
industrial controllers being used today use PIDebas
control techniques. Figure 8 shows a basic bloakjéim
of the PID controller which is known as non-int¢nag
form or parallel form.
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Fig.8: Schematic of the PID Controller- Non Intetiag
form

Mathematical expression for the output of PID colter

is given by:

de(t)
dt

u(t) = Kpe(t) + K; [ e(t)dr + K, =2(23)

Figure 9 and Figure 10showthe Simulink model fob PI
and SMIB system connected with PID respectively.

Kd Derivative

Fove Single Machine Infinite Bus System with Fault Condition with PID
Mehsge serpare s D
ssssss
;;;;;;; ) Fouer gl
E=
[E— [

Fig.10: Simulink model for SMIB with PID

V. HYBRID APPROACH
Voltage stabilizer (GPSS) generates spikes durhegy t
speed deviation and the output of GPSS is generally
positive. To decrease those spikes, this hybridhaket
uses PID along with the GPSS. This approach redhees
spikes generation. In hybrid approach, we havecissa
PID stabilizer with the GPSS connected SMIB as show
in Figure 11.

Foner Gty

Fig.11:Simulink model for hybrid approach

WWwWw.ijaems.com

VI SIMULATION RESULTS
The performance of proposed algorithms has beetiestu
by means of MATLAB simulation.
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Fig.17: Rotor angle and Phase angle deviationsdaoitt
at t=10 sec (PSObased hybrid approach)
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Fig.18: Rotor angle and Phase angle deviationsdaoitt
at t=10 sec (GA based hybrid approach)
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Fig.19: Comparative analysis of phase angle deorei
for different methods
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Fig.20: Comparative analysis of rotor angle deviais
for different methods
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Fig.21: Convergence graph for PSO
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VII. CONCLUSION

This paper proposes a hybrid approach for stability
analysis using GA and PSO. The effectiveness of the
proposed hybrid approach is demonstrated on a SMIB
power system. Performance of the proposed apprizach
recorded on the basis of evaluation parameter®hase
angle and rotor angle deviations. Figure 19 andifei@0
show the comparative analysis for proposed appraadh
the techniques developed earlier and it can betbatdhe
proposed hybrid approach outperforms than other
techniques.
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