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ABSTRACT
This paper deals with the development of small
perturbation dynamic model of a single machine; infinite
bus system. A systematic approach based on phase
compensation technique for designing optimum power
system stabilizers has been presented. Investigation
reveal that for designing optimum PSS, the amortisseurs
in the synchronous generator model can be neglected
comfortably and hence resulting in considerable
simplification in the design process due to overall
reduction in the dimension of the dynamic model of the
system.

1. INTRODUCTION
High initial response, high gain excitation systems
equipped with power system stabilizers (PSS) have been
extensively used in modern power systems as an
effective means of enhancing the overall system
stability. Input signals such as rotor speed, bus
frequency, electrical power and accelerating power have
been proposed to derive the stabilizing signal working
through the reference of Automatic Voltage Regulator
(AVR).
Literature shows that while designing PSS, researchers
have considered the synchronous generator model either
with amortisseurs or without amortisseurs. However, no
effort seems to have been made to answer the following
pertinent question, "Can the dynamic model of the
synchronous generator obtained neglecting amortisseurs
be used for designing optimum PSS?" In order to answer
the above pertinent question following studies have been
carried out:
(a) Optimum power system stabilizers are designed

considering the synchronous generator model (i)
with amortisseurs and (ii) without amortisseurs, for
a wide range of operating conditions and system
parameters.

(b) Eigenvalue analysis is carried out considering the
dynamic model of the synchronous generator
obtained with amortisseurs and two alternative sets
of PSS parameters i.e. (i) PSS parameters obtained
without considering amortisseurs and (ii) PSS
parameters obtained considering amortisseurs.

(c) Dynamic performance of the system is obtained and
analyzed for a step change in ATM considering
actual synchronous generator model with
amortisseurs and two alternative sets of PSS
parameters i.e. (i) PSS parameters obtained without
considering amortisseurs and (ii) PSS parameters
obtained considering amortisseurs.
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2. SYSTEM INVESTIGATEP
A Single-Machinc-Infinite Bus (SMIB) system is
considered. The IEEE type STlA excitation system
model and conventional PSS comprising a pair of lead-
lag networks with speed deviation as input signal have
been considered. Fig. 1 shows the transfer function
model of the system [I]. Nominal parameters of the
system are as follows:
Generator : H = 3 5 , Xd = !.81 pu, Xd,', = 0.3 pu,
X, =0.23 pu, X, =1.76 pu, Xq=0.65 pu, X,=0.25 pu,
XI=0.16, Ra=0.003, T~o= 8.06, Tdo =0.03~, T,o=1.OS,
Tqo"=0.07s, A,,,=0.031, B,,,= 6.93, wTl=O.8, f=60 Hz.
Saturation parameters A,,,, B,,, and \VT~ are same for d-
and q- axes.
IEEE type STlA excitation system : KA=50.0, TA=O.O,
TRz0.02~
Transmission line : k = 0 . 0 , &=0.65 pu

3. DYNAMIC MODEL IN STATE SPACE FORM
The dynamic niodcl in state space form is obtained
considering synchronous generator model with and
without amortisseurs as

x = Ax + l-p (1)
where the state vector for the system with synchronous
generator model considering amortisseurs is
x = [ Ao),. A5 AvfM yk , A\(r,q dif/2q Av, Av2 Av3 u]T

while, that for synchronous generator model neglecting
amortisseurs is
x = [ Aw,. A6 A\vjtl AV , AV?_ Av~ u]~

A and r are compatible state and perturbation matrices
respectively.. These matrices depend on system
parameters and operating condition.

4. EVALUATION OF K-CONSTANTS OF THE
SYSTEM

The initial d- and q- axes currents & voltage components
and torque-angle needed for evaluating the K-constants
for a nominal operating condition are obtained as
follows:
ido = 0.83 pu, i,, = 0.45 pu, edo = 0.68 pu, eqo = 0.73 pu,
5O = 79.13", 6;= 43.13', @ = 18.43"
K-constants- of the system considering amortisseurs in
the synchronous generator model are :
K1 = 0.3504, K2 = 0.4863, K3 = 0.1547, I<4 = 0.7973,
Ks = -0.1512, Kg = O.2340, K21 = 0.5314, K22 = 0.0248,
K2,=0.1591, I&,= -4.7231, I&2 = -0.0003, &3 = -0.0021,
K61=0.2263, K62 = -0.0592, K6j = -0.3790,K,+,,j = 0.7129,
&,&=0.1844, K,l,=-0.0008, K,2,,=-0.0005,KS,,= -0.0002,
K51&= -128.6690, Kyld=-1.0927, K52q= 4950.00,
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Fig.l Transfer function Block Diagram of a Machine-Infinite Bus System



KQ= -0.0004, KG16=-128.6690, K61d= -I.0927,
K61,=772.6657
The evaluated time constants are :
TV=1.1327~, T5 = 0.0267~, To = 0.3432~, T7 = 0.0414s

Thc K-constants of the system neglecting amortisseurs
of the synchronous generator obtained are :
Kl = 0.7643, K2 = 0.8649, Kj = 0.3230, I(J =1.4187,
Kj =-0.1463, K6 = 0.4I68
The time constant T3

i is 2.3647 sec.
It may be noted that the K-constants of the model are
affected by the presence of the amortisseurs and hence
thc value KI-K6 constants with amortisseurs are different,
from those obtained without amortisseurs.

5. OPTIMIZATION OF PSS PARAMETERS
USING PHASE COMPENSATION TECHNIQUE[2]
Phase compensation technique consists of adjusting the
stabilizer parameters to compensale for the phase lags
through the generator excitation system, and power
system such that the torque changes in phase with speed
changes. This is ihe most straightforward approach,
easily understood and implemented. The phase lag
depends on the operating point and system parameters.
The step by step procedurc for computing the PSS
parameters is as follows :
(a) Obtain CO,, from the mechanical loop :
The characteristic equation of the mechanical loop can
be written as :
Ms ’ + Q,KI =0 (2)
and, the eigenvalues are s = k.icq,
where, w,, is the undamped natural frequency of the
mechanical mode and w,= 2nf, is the system frequency
in rad./sec.

(3)

(b) Compute phase lag LGE: between U and AT, of the
electrical loop to be compensated by PSS :
GE(s) is the transfer function relating U and ATe.

(c) Design of phase lead compensator :
The transfer function of phase lead compensator G, is

Gc =( (4)

For the full phase compensation L G E + L e , = 0 (5)
The PSS parameters to be optimized are TI-T4 and
KSTAB. Considering two identical cascade lead-lag
networks for PSS, TI=T~ and T2=T4 and hence the
problem reduces lo that of optimization of & T A B , TI and
T2 only. T,”=1.4 sec. has been chosen [l] . One lead-lag
block is used for compensating about 50’ of phase lag
and accordingly lead-lag blocks are chosen. The PSS
parameters TI and TZ arc chosen so as to fully
compensate the phase lag as follows:
Let P is the phasc lag compensated by one block, then

where

_ 1 -t-sin/3

~ 1-sin/3

and T|=aT2

(7)

(8)

(d) Gain sctting :
Thc amount of damping introduced depends on the gain
of PSS transfer lunction at that frequency. Ideally, the
gain should be set at a value corresponding to maximum
damping. The dcaired PSS gain KSTAN is computed from

KSTAB =
2ga«M

NN
where M = 2H
and

ATe

(9)

(10)

(11)
AVREF

where j is the desired damping ratio, s = 0.5 is chosen in
the present study.

ANALYSIS

Table 1 shows the optimum PSS parameters with and
without considering thc ainortisseurs in the synchronous
generator modcl for a few typical operating conditions.
Critical examinations of Table 1 clearly shows that the
difference betwcen two sets of optimum PSS parameters
i.e. one obtained ncglecting amortisseurs in the
synchronous generator model and the other obtained
considering arnortisseurs in the synchronous generator
model is quite insignificant

Table 2 shows the eigenvalues of the system obtained
considering actual synchronous generator model with
amortisseurs and AVR for a typical operating condition
and for thc following cases: (a) Without PSS, (b) With
optimum PSS parameters obtained neglecting
amortisseurs and (c) With optimum PSS parameters
obtained considcring aniortisseurs. Study of Table 2
reveals the following: (i) The damping of the
electromechanical mode is negative without PSS, (ii)
The eigenvalues of the system with two alternative sets
of PSS parameters hardly differ, and (iii) The damping
of the electromechanical mode has increased adequately.

Fig 2 shows the dynamic response of the system for
ATM=0.05 pu considering actual synchronous generator
model with aniortisseurs and AVR for a typical loading
condition and for the following cases : (a) Without PSS,
(b) With optimum PSS parameters obtained neglecting
amortisseurs and (c) With optimum PSS parameters
obtained considcring aniortisseurs. It is clearly seen that
the dynamic pert’oi-mance of the system with two
alternative sets 01’ PSS parameters hardly differ.

(6)
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Table 1: Optimum PSS parameters for typical operating conditions obtained with and without considering
amortisseurs in the synchronous generator model

Loading
Conditions

P(pu)
0.5
0.5
0.5
0.5
0.7
0.7
0.7
0.7
0.9
0.9
0.9
1.0
1.0

Q(pu)
-0.3
0.0
0.3
0.6
-0.3
0.0
0.3
0.6
0.0
0.3
0.6
073
0.6

Optimum PSS parameters
Neglecting amortisseurs in the synchronous

generator model
T,

0.2661
0.2581
0.2639
0.2774
0.2676
0.2602
0.2668
0.2832
0.2703
0.2754
0.2942
0.2823
0.3024

T2

0.0958
0.0837
0.0931
0.1036
0.0904
0.0776
0.0891
0.1029
0.0761
0.0882
0.1048
0.0891
0.1071

KsTAB
26.1082
20.7071
27.7618
33.6494
19.8323
16.5614
20.8850
24.2893
13.8049
16.7042
18.7100
15.0475
16.5673

Considcring amortisseurs in the synchronous
generator model

T,
0.2582
0.2518
0.2587
0.2766
0.2682
0.2632
0.2682
0.2859
0.2758
0.2801
0.2984
0.2870
0.3061

T2

0.0770
[ 0.0675

0.0767
0.0897
0.0771
0.0666
0.0769
0.0913
0.0667
0.0779
0.0941
0.0789
0.0961

KsTAB
26.1948
20.9726
27.5076
32.2717
19.0430
15.9481
20.0049
22.9406
13.1444
15.7747
17.5948
14.2460
15.6494

Table 2: Eigenvalues of the system with actual synchronous generator model considering amortisseurs for a typical
operating point (P=0.9 pu, Q=0.3 pu)

• Without PSS
With PSS parameters obtained neglecting

amortisseurs (Tl=0.2752, T2=0.0882,
KSTAB~ 16.7285)

With PSS parameters obtained considering
amortisseurs (Tl=0.2765, T2=0.0789,

KyTAB= 16.2346)

Eigenvalues

0.3570kj6.6192, -51.7245, -4.6049
-32.9467,-25.I147,-1.940

-51.7875,-36.0557,-25.0916
-7.5812+j l i.8159, -1.849Sfi4.7920

-0.8867,-4.4061,-1.9177
-51.8075, -36.8196, -25.0885

*0-8.7457kj 13.1157,-I.62I Ifj4.7946
-0.8774,-4.4175, -I.920I

q

-0.0539

0.3601

0.3203

o,, (Rad./sec.)

6.6288

5.1365

5.0612
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Fig.2 Dynamic responses for ATM = 0.05 pu
---.-.-.- Withour PSS
- . - . - . - , - . PSS obtained considering ainortisseurs

PSS obtained neglecting ainortisseurs

CONCLUSION
Investigation reveals that optimum PSS parameters
obtained considering synchronous generator model with
amortisseurs are very close to the one obtained
neglecting

amortisseurs. Moreover, the eigenvalues and dynamic
performance 01’ thc actual system considering
synchronous gencrator ainortisseurs with two alternative
sets of PSS puramcters hardly differ. It can thus be
inferred that for designing optimum PSS, the
amortisseurs in the synchronous generator model can be
neglected cumtortably and hence resulting in
considerable simplification in the design process due to
overall reduction in the dimension of the dynamic model
of the system.
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