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Abstract- Power System Stabilizer (PSS) is viewed as an additional block of generator excitation control system to improve 
the overall power system dynamic performance.PSS provides sufficient damping torque for small frequency oscillations 
through the excitation system of the generator by using auxiliary stabilizing signals. This paper discusses the root locus 
approach to design the PSS. Significant damping of electromechanical oscillations is achieved when a properly designed 
PSS is applied with Single machine infinite bus system which is taken as test system and the simulation results are obtained 
for variation in electrical torque, rotor angle variation and rotor speed variation of the system with and without PSS. 
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I. INTRODUCTION 

 
F.P.Demello and C. Concordia were the first to study 
the effect of excitation system on stability of 
synchronous machine [1]. It was observed that with a 
continuously acting voltage regulator, low frequency 
oscillations occur in electrical output voltage and 
electrical torque of synchronous machine. In the 
absence of sufficient damping the rotor angle keeps on 
increasing and finally machine trips. This is termed as 
small signal stability problem. [2-3] represents 
practical studies where a problem of small signal 
stability was observed. The oscillations may be local 
to a single generator or generating plant, or they may 
involve a number of generators widely separated 
geographically.  
 
In order to damp out the low frequency oscillations, a 
signal conditioner unit known as Power System 
Stabilizer (PSS) is used. This paper discusses the 
design and application of PSS to a Single Machine 
Infinite Bus System (SMIB). The paper is organized 
as follows: Section II presents the basic modeling of 
SMIB system used in this paper. Simulink model is 
prepared based on the mathematical modeling. Section 
III gives the PSS design approach and model prepared 
that has been used in this paper. Finally section IV and 
V presents the results obtained and discussion on the 
results. Finally section VI gives the conclusion. 
 
II. SMIB SYSTEM 
 
For the purpose of stability analysis, a Single Machine 
Infinite Bus system is taken in which the machine can 
be represented by any of the three models Classical, 
simplified and detailed [4]. A classical model includes 
only second order differential equation associated with 
the rotor dynamics of the machine.  
 
A simplified model includes the effect of the rotor 
dynamics along with the effect of synchronous 
machine field circuit dynamics and Excitation system. 

And the detailed model of the machine includes the 
machine amortisseurs also. Since the disturbance 
under study is of 0.2 Hz to 2 Hz, so the mathematical 
equations describing various effects can be linearized 
around an equilibrium point.  
 
Fig. 1 shows a general SMIB system configuration 
with a generating unit and transmission line. 
 
In this paper, simplified model of the machine is 
considered. The complete state space model is given 
by 
 

 (1) 
 
The elements of state matrix are explicit functions of 
system parameters. The above model includes the 
effect of synchronous machine field circuit dynamics, 
field flux linkage variation, and excitation system. 
 
The expressions for a42, a43, a44 are given as  
 
a11= -Kd/2H          a12 = -K1/2H 
 

 
Fig. 1 SMIB system 

 
a13= -K2/2H           a42= K5/Tr 
a43= K6/Tr              a44=1/Tr                                       (2) 
 
Where Kd is the damping coefficient and  K1 , K2 , 
K5, K6 are functions of initial operating parameters of 
machine like initial machine speed , initial rotor 
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angle, initial currents along d and q axis and the 
initial values of d and q axis flux. Similarly the other 
matrix elements are the functions of machine 
parameters. 
 
It was established in [5] that for small signal stability 
analysis of SMIB system it is useful to represent the 
above developed model in block diagram form. Fig. 2 
represents the block diagram for the SMIB system 
with torque angle relationship. 

 
III. POWER SYSTEM STABILIZER 
 
Power system stabilizer (PSS) is used to add damping 
to the generator rotor oscillations by controlling its 
excitation using auxiliary stabilizing signals. Its main 
function is to provide damping torque component. In 
this model speed deviation of the rotor is taken as the 
stabilizing signal [3]. 
  

 
Fig.2 Block diagram of SMIB system with exciter 

 

 
Fig. 3 Thyristor excitation system with AVR and PSS 

 
PSS consist of three blocks, Gain block, washout 
block and the phase compensation block. Washout 
block is used to respond to transients in rotor speed 
and to leave the dc offset in the input signal. The 
phase compensation block is required to compensate 
for the phase lag between exciter input and electrical 
torque. And the gain block is to provide sufficient 
damping to the system [3]. 
 
Fig. 3 illustrates the basic structure and modeling of 
power system stabilizers by considering a thyristor 
excitation system. Here input signal to the PSS is 
taken as the speed deviation of the rotor. 
 
All the three blocks Gain, washout and compensation 
together form the PSS. Tw and T1, T2 are the time 
constants for washout and compensation blocks 
respectively. Equation 2 shows the complete state 
space model including PSS (with ∆Tm=0). 

  (3) 
 

Where, 

   

  

   

 

     (4) 
 

Different methods like Root Locus technique and 
State Space technique are used for designing of PSS. 
In this paper root locus technique is used to obtain the 
parameters of PSS [3]. 
 
First of all open loop transfer function is obtained 
without applying PSS and its root locus is drawn using 
MATLAB coding. Then from the root locus, angle of 
departure of the dominant pole is calculated and by 
using this angle a lead compensator is designed. The 
gain of PSS is obtained by hit and trial method for 
perfect damping of the oscillations. 
 
IV. EIGEN VALUE ANALYSIS 

 
After the Linearization of system equations the 
system can be described as 
 
∆x' = A∆x + B∆u                                                    (5) 

 
Where A is called system matrix. 
  
det (sI - A) = 0                                                         (6) 

 
 (6) is called characteristics equation and the roots of 
it is called Eigen values. [6] Gives the Lyapunov's 
first method for determining the system stability as 
 

(1) When the Eigen values have real negative 
parts the original system is asymptotically 
stable. 
 

(2) When at least one of the Eigen values has 
positive real part the system is unstable. 

 
Using eq. (1), (3) and data given in appendix the 
Eigen values for a SMIB system and the system 
including PSS are obtained and is given in table 1. 
Since the stability criteria requires only the real part 
of Eigen values, so only real part is given in table. 
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Table 1 
SMIB system 

without PSS for Kd 
=0 

Ev 1,2 Ev 3 Ev 4 

 0.5042 -
31.23 

-
20.21 

 
SMIB 
system 
with 
PSS 

for Kd 
=0 

Ev 
1,2 

Ev 3 Ev 4 Ev 5 Ev 
6 

 -
0.42 

-
32.33 

-
17.23 

-
0.73 

-
0.13 

 
 It is observed that the some of the Eigen values 

of the system without PSS have positive real 
part indicating that the system is unstable. This 
is because of the presence of the excitation 
system which causes the instability.  

 From the Eigen values of the system including 
PSS, it has been observed that all the values 
have negative real parts showing that the 
system is stable. It means that the PSS applied 
is providing sufficient damping to make the 
system stable. 

 
V. SIMULATION,  RESULTS AND 

DISCUSSION 
 

Based on the block diagram of SMIB with exciter 
given in Fig. 2 and the PSS designed, real time 
simulation is done in MATLAB/SIMULINK 
environment. Results obtained for variation in rotor 
angle (for Kd =0), variation in rotor speed and 
variation in electrical torque are depicted in fig. 3 & 
4. Simulation is run for 10 sec and non adaptive 
algorithm is used for obtaining the characteristics 
with maximum step size of 0.01 and relative 
tolerance of 0.001. Following inferences can be 
derived from the obtained characteristics. 

 From the fig 3, it has been observed that the 
SMIB system without PSS is unstable in 
nature having increasing response with 
negative damping ratio. 
 

 Fig. 4 shows that after applying PSS, system 
becomes stable and the oscillations die out in 
a very short time. Therefore from the 
simulation results, it is understood that the 
designed PSS is suitable for damping the 
oscillations by providing sufficient damping 
torque to the SMIB system. 

 
 Since Te =Ks∆∂ + Kd∆ωr, so the electrical 

torque variation should follow the pattern 
observed in rotor angle and rotor speed 
variation. This can be verified from the 
response of variation in electrical torque. 

CONCLUSIONS 
 
Real time simulation results verify the conclusions 
derived from the Eigen value analysis. The PSS 
designed is suitable for damping out these small 
oscillations in order to enhance the stability of power 
system. Since the stability analysis is based on the 
linearized equations so some kind of error must be 
there in the results. The error can be reduced by using 
Stability analysis technique developed for nonlinear 
systems. 
 

 
a) Rotor speed 

 

 
b) Electrical torque 

 

 
c) Terminal Voltage 

 

 
d) Rotor Angle 

Fig. 3 Response of SMIB without PSS. 
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a) Rotor speed 

 

 
b) Electrical torque 

 

 
c) Terminal Voltage 

 

 
d) Rotor angle 

Fig. 4 Response of SMIB with PSS 
 
APPENDIX 
 
For the purpose of Simulation of SMIB system given 
in fig. 2, we take following data,  
 

Machine parameters: 
 
2220 MVA, 24Kv synchronous machine parameters 
on ra ted power and ra ted voltage per unit base, 
 
Xd = 1.81 pu      Xq = 1.76 pu 
 
X'd = 0.3 pu       Xl = 0.16 pu 
 
Ra = 0.003 pu    T'd0 = 8.0 s 
 
H = 3.5 MW-s/MVA 
 
Excitation system parameters: 
Ka = 200 
Ta = 0.02 s 
Gex(s) = 200.0 
 
PSS Parameters( Designed using Root Locus 
Technique) 
Kstab = 9.5 
T1= 5.9s 
T2=7.3s 
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