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Jeddah, Saudi Arabia

ABSTRACT.  Design of a power system stabilizer for Al-Umra power
system is proposed. A linear model for the power system is presented
and analysed. The eigenvalue analysis of the model has shown the ex-
istence of an unstable mechanical mode. To overcome this instability
problem, a power system stabilizer based on a lead-lag compensator is
introduced. Parameters of the proposed power system stabilizer have
been chosen and tuned carefully in order to give the system an ade-
quate performance. Digital time simulations indicate that the stabilizer
has resulted in a significant improvement in system performance. 

1. Introduction

Control of power systems proceeds from the control of the mechanical power
sources (primarily hydro and thermal sources) to the control of the generators,
network connections, and other devices in the system. The control objectives
are mainly to help maintain frequency, power balance, voltage level and system
stability. At the generator level, the control of mechanical power proceeds at a
relatively slow rate. The exciter can have response times in the fraction of a sec-
ond range and therefore can be considered the first line of defense in maintain-
ing system dynamic stability. The exciter has a direct effect on the generator
voltage levels, and can therefore also affect the power angle as well as the cur-
rent. It can indirectly affect the real power and system frequency. However, the
high gain required by the voltage regulator for a good and fast response of the
excitation system often leads to reduction in system damping. This results in an
under damped low frequency power and speed oscillations which are very diffi-
cult to control and have an adverse effect on system stability. One way to damp
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these oscillations is to introduce additional damping by injecting a stabilizing
signal through the excitation system as shown in Fig. 1. The stabilizing signal is
obtained through a Power System Stabilizer (PSS) hardware which is specifical-
ly designed and tuned in order to damp out the above-mentioned oscillations.

FIG. 1.  Generating unit power system stabilizer.

One famous power system stabilizer which can be applied to a wide range of
machine parameters was developed by Demello and Concordia[1]. It has for a
long time received some acceptance among the power system stabilizer design-
ers. This stabilizer uses the generator speed deviation to derive the stabilizing
signal through a simple compensator with a double lead-lag transfer function.
Another type of a PSS that uses a digital rather than an analogue implementa-
tion, has also been reported[2] and shown to be of an acceptable damping effect.

Several other approaches have also been used to design different forms of
fixed-parameter PSS. One of those approaches used the pole placement tech-
nique[3-6], where the stabilizer parameters are designed by properly placing the
closed loop system poles to give the damping needed. Some other designs of the
PSS have also been designed based on the linear optimal control theory[7-10].
The fixed parameters of the stabilizer are designed to minimize a selected  per-
formance criterion which reflects the desired dynamic characteristics without an
explicit study of the system modes. Among other approaches in designing a
fixed-parameter PSS are the use of proportional-integral-derivative (PID) con-
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trol[11], in which the parameters of the (PID) stabilizer are determined to satisfy
a desired performance; and the use of the variable structure control[12], where
the parameters of the optimal variable structure index are obtained with a slid-
ing mode technique.

and

In this paper the effect of low-frequency oscillations in the performance of
Al-Umra power generation will be studied. Eigenvalues for the power system
plant will be analyzed. Then a power system stabilizer (PSS) is designed in or-
der to damp these oscillations and enhance the performance of the power plant.

2. Power System Model and Analysis

The linearized model for a single machine  connected to an infinite bus as
shown in Fig. 2 can be represented by the following state space form[13].

x
.
 = Ax + Bu (1)

where x = is the generator state variable [ ∆Vt , ∆w, ∆Te, ∆Vf , ∆Efd ]

u is the input

In this section the analysis of a real system is presented. Its data is based on
information provided by the engineering staff of AL-UMRA power station in
Makkah city Saudi Consolidated Electrical Companies west[14].

The system operates with gas turbine engine and its specifications are  as follows:

Rated voltage = 13.8 kV Peo   =  0.8 pu

Output = 115 MVA Qeo  =  0.6 pu

Power Factor = .8
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Rated Current = 4832 A Veo  =  1 pu

Speed = 3000 rpm.

FIG. 2.  Block diagram for a single machine connected to an infinite bus.

Hence,  model parameters can be determined as follows (SI units are as-
sumed throughout) :

K1 = .4867 KA = 50. D = 0.

K2 = .2561 TA =  .3 eFD, MAX = 7.3

K3 = 2.5908 T�
do = 9. eFD, MIN = � 7.3

K4 = .6736 M = 9.26 UMAX = .12

K5 = � .7268 KF = .03 UMAX = � .12

K6 = .3186 TF = 1.

A =























– . – . – . .

    .

– .  . –. .

   . – . – .

–          –. –         

00159 274 024 0 514 0 354 0

0 0 108 0 0

00128 183 49 0413 0285 0

166 67 0 0 3 33 166 67

5 0 0 1 6
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B  =  [ 0         0        0        167        5 ]

By using (MATLAB) we obtained the numerical values for the open loop ei-
genvalues of the system analysed as listed in Table 1.

TABLE 1.  Eigenvalue analysis.

� 8.1012

0.3527 + J 4.3254 i

0.3527 � J 4.3254 i

� 0.9885 + J 0.8438 i

� 0.9885 � J 0.8438 i

From the eigenvalue analysis for a single machine-infinite bus system, it can
be seen that the first, the fourth and the fifth eigenvalues represent the electrical
mode. It is clear that the instability is caused by the mechanical mode. Digital
simulation of various system responses versus time are presented in Figs. 3
through 7 given that a mechanical torque disturbance of 2.5 percent is applied.

FIG. 3.  Terminal voltage response for ∆Tm = 2.5% without control (u = 0).

FIG.  4. Angular velocity response for ∆Tm = 2.5%, without control.
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FIG.  5. Electrical torque response for ∆Tm = 2.5%, without control.

FIG.  6. Excitation system voltage response  for ∆Tm = 2.5%, without control.

FIG.  7.  Stabilizing transformer voltage response for ∆Tm = 2.5%, without control.
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From these figures it has been found that the deviations in terminal voltage,
angular velocity, electrical torque, excitation system deteriorating responses and
stabilizing transformer voltage start to increase which is a clear sign of system
instability.

3. Design Procedure for the  Power System Stabilizer :

Supplementary excitation control of low frequency oscillations is known as a
power system stabilizer. Such a stabilizer consists of several stages that are
shown in Fig. 8. The idea is to apply a supplementary signal through the excita-
tion system to increase the damping torque of the generator power system. For a
single machine connected to an infinite bus, the supplementary control signal is
applied through the Ta, Tdo and K blocks in order to obtain the extra damping
∆TE. One of the power system stabilizer techniques is the lead-lag compensator.
The phase lag of (1 + STdo), beside a phase lead, must be included in the sup-
plementary signal so as to have a damping torque, DTe in phase with shaft
speed Dw at the oscillating frequency. The compensation must have a gain to
get an adequate magnitude of damping[15].

FIG.  8. Power system stabilizer.

For the PSS designed in this paper the following procedure has been used: -

1. A value of ωn = 4.451 has been determined from the equation :

(2)

where ωn is the undamped natural frequency, ωb is the system frequency, 2πf
K1 is the system parameters constant and M is the inertia constant in seconds.

2. The phase angle of GE at S = jωn can be obtained using equation (3)

GE = (KA * K3) / ((1 + STA) * (1 + S T′
do * K3) + KA * K3 * K6) (3)

and phase lag of GE = < GE | S = jωn

by substituting the values of all constants we found that ;

ω ωn b M=  K1
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 | GE |  =  < .909  <  � 132.45  =   | GE |  <  GE

therefore, the phase lag of GE  =  � 132.45 deg. has to be taken.

3. Finding the phase lead < GC which will compensate the effect of the phase lag <
GE. The angle GC must satisfy the condition of

 <  (GC + GE) = 0 (4)

then by using eq. (4). The values of n, T1 and T2 are estimated using equation (5)

 (5)

For

n = 2, T1 = 0.58, and T2 = 0.01

4. The amplifier gain can be determined by using the  equation (6)

(6)

5. The parameters have been tuned in order to have adequate damping to the system.

(7)

4. Simulation and Results

The proposed PSS has been tested on a single machine-connected to an in-
finite bus. The system has been subjected to 2.5% disturbance on the mechani-
cal torque. The simulation results have been displayed in Figs. 9 through 13.
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FIG. 9. Terminal voltage response for ∆Tm = 2.5%, with conventional power system stabilizer
connected.
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FIG.  10. Angular velocity response for ∆Tm = 2.5%, with conventional power system stabilizer
connected.

FIG. 11. Electrical torque response for ∆Tm = 2.5%, with conventional power system stabilizer
connected. 
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FIG.  12. Excitation system response for ∆Tm = 2.5%, with conventional power system stabilizer
connected.

FIG. 13. Stabilizing transformer voltage response for ∆Tm = 2.5%, with conventional power sys-
tem stabilizer connected.
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Its is clear that the oscillations of the terminal voltage, angular velocity, elec-
trical torque, excitation system and stabilizing transformer voltage are well
damped, suppressed and the performance is enhanced. The closed loop poles for
the proposed design are listed in Table (2). All the closed loop pole are on the
left hand side of the S-plane.

TABLE  2. The system closed loop poles eigenvalues.

Eigenvalues without PSS Eigenvalues with PSS connected 

� 8.1012 � 7.335

   0.3527 + j 4.3254 � 4.4857

   0.3527 � j 4.3254 � 1.063

� 0.9885 + j 0.8438 � 0.8308  �  j 4.871

� 0.9885 � j 0.8438 � 0.8308  +  j 4.871

5. Conclusion

In this paper a power system stabilizer for Al-Umra Power Station has been de-
signed. The basic function of the PSS is to provide extra damping to the machine
through the excitation system. The parameters of the PSS are tuned carefully in
order to have an adequate damping. The effect of the PSS is significant as it re-
sulted in a much better performance for the system.  All the closed loop poles of
the system are stable. The practical application for the PSS is feasible. Compari-
sons with other PSS design techniques will be reported in the near future.*
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W�OzU�dNJ�« ��b�I�« ÂU�EM� Ê�«u�� �U�N� r�OLB�
W�OzU�dNJ�« ��b�I�« b�O�u�� �d�LF�« W�D;

»U�u�« b�� bL�√ Ë �ö� e�eF�« b��
e�eF�« b�� pK*« WF�U� ,�W�bMN�« WOK� ,� U��U(« W�bM�Ë WOzU�dNJ�« W�bMN�« r��

W��uF��« WO�dF�« WJKL*« − �b�����

ÂUEM� Ê�«u� �U?N' U?Î�d�I?� UÎLO?LB� Y�?��« «c� ÷dF� Æ�hK�?��*«
�«b?�« - b�Ë Æ�W?OzU�dNJ�« ��b?I�« bO�u?�� �d?LF�« WD; W?OzU�dNJ�« ��b?I�«
W?L??O?I?�« qOK% s� 5��Ë ,�W??OzU�d??NJ�« ��b??I�« ÂUEM� wD� Ã�u?/ qOK%Ë
WKJA� vK� VKG?�K�Ë Æ�X�U� dO� wJO�UJO� qJ� �u?�Ë Ã�uLMK� WO�«c�«
- WOzU?�dN�« ��bI�« ÂU?EM� ©UÎ��?��® UÎ��«u?� «Î�UN?� Y���« Âb?I�  U�?��« Âb�
�UN?'« r�UF� �U?O��« - b?�Ë Æ�ÂbI�*« nK�?�K� ��UF� �U?�√ vK� Á�«b�«
dO?�u� q�√ s� W�UMF� U?N�?H�«u�Ë U?ND�{Ë W?OzU�dNJ�« ��b?I�« ÂUEM� Ê�«u*«
W?OM�e�« �U�U?;« Ã�U/  d?N�√Ë Æ�WOzU�d?NJ�« ��b?I�« ÂUEM� V�UM*« ¡«�_«
¡«�√ w� t��Ë t?� s�?% ÀËb??� v�≈ È�√ Ê�«u*« Â«b??�??�??�« Ê√ W?O??L??�d�«

Æ�ÂUEM�«
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