The International Journal of E-Learning and Educational Technologies in the Digital Media (IJEETDM) 4(1): 25-28
The Society of Digital Information and Wireless Communications (SDIWC), 2018 ISSN: 2410-0439 (Online)

Transient Stability Analysis of Single Machine
Infinite Bus with Different Power System Stabilizers
Michella M. Fahim, StM IEEE, Mohamad R. Khaldi, SM IEEE, Salim Y. Frangieh, and Charbel G. Chouaifaty
Electrical Engineering Department
University of Balamand
Tripoli, Lebanon
mohamad.khaldi@balamand.edu.lb
Abstract—Stability analysis is the process of testing for
robustness or weakness of a system undergoing a certain
disturbance. It is based on the modeling of power system
components such as the synchronous generator, the transmission
lines network, and the power loads on the receiver side. The
model under investigation is the single machine infinite bus
(SMIB); so that its stability be maintained, modeling an
excitation system as well as a power system stabilizer (PSS) are to
be assessed and applied as well. The linear model corresponding
to the SMIB circuit is known as the Heffron-Philipps Model
(HPM) or the K-parameters model. This can be obtained after
linearizing the equations of the basic system around the
operating conditions. In this paper, SimPowerSystems toolbox of
Simulink is used to generate a circuit of the SMIB system, and
then several faults are to be applied to it. Then, the response of
the system and its stability are studied after applying different
PSS designs.
Keywords—Single Machine Infinite Bus, Power System
Stabilizer, Fuzzy, PID, Static Var Compensator.

I. INTRODUCTION
Electric energy is produced by generators that operate
synchronously. The produced electric power is delivered to the
loads via a network of transmission lines. Synchronism is
assured when the frequency, the voltage, and the phase angle of
the generators are the same. A power system is said to be
dynamically stable when it is able to withstand a disturbance.
In another words, generators synchronism is maintained post
disturbance. However, a generator in a stable power system
may exhibit sustained or damped oscillations after a
disturbance. In order to minimize these oscillations Power
System Stabilizers (PSSs) are utilized.
Synchronous generators have a leading role in the stability
of power systems. Many traditional methods for modelling the
synchronous generators are specified in the IEEE standards [1].
The Heffron-Phillips Model (HPM) is a linearized model for
the Single Machine Infinite Bus (SMIB) power system [2].
Although the HPM is a linear model, it is quite accurate for
studying low frequency oscillations and transient stability of
power systems. It has also been successfully used for designing
classical PSS. When the generator is loaded, the armature
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response causes a drop in the field flux causing an important
drop in the synchronizing torque what creates major problems
related to the transient stability. In order to solve this problem,
high gain, fast acting excitation control systems were used.
One of the frequently used techniques The Bus-Fed ThyristorControlled Static Excitation where the armature effect is
eliminated allowing the voltage regulator to give the essential
synchronizing torque. Even though the voltage regulator solved
the problem of torque drop, at high power output and bad
network conditions such as long transmission lines it causes
negative damping torque. This control issue was solved by
changing the reference input of the voltage regulator with an
additional signal produced by the PSS in order to create
positive damping torque [3].
In recent years, different methods are proposed based on
controlling techniques of non-linear systems, adaptive
controlling techniques and artificial intelligence techniques
such as pole-placement, particle swarm optimization and
sliding mode control to design PSSs [4].
A fuzzy-logic controller was used in [5] as a stabilizer of an
SMIB in order to damp the inertial modes of oscillations of the
generators. Results showed that a fuzzy logic based design
stabilizes the system in a short time, compared to a system with
no PSS and a system with a PID-PSS controller. In another
attempt to achieve stability, [6] deals with implementing a
built-in PID block in Matlab that takes the non-linear system
and linearize it to get the optimum values of its parameters.
The simulations proved that using PID-PSS is very efficient
in helping the system return to its original state in few seconds
after a disturbance. Quantitative Feedback Theory (QFT) is
also one of the proposed designs of the PSS providing an
acceptable damping in the system; its main task is to cancel the
continuous fluctuations generated from the loads. Compared
with conventional PSS, QFT gives more desirable results in
terms of stabilizing speed [7].
Using an optimizing technique, one of the main intelligent
controls is the Genetic Algorithm (GA) that includes Static
VAR Compensator (SVC) based stabilizer, that when applied
on an SMIB, enhances the stability of the system by tuning
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multiple controllers in different operating conditions. When no
SVC is present, the system drifts away from its stable operation
after the fault is cleared, however, stability is regained while in
presence of an SVC, and simulations showed that the settling
time is much more important than in the case of a conventional
PSS, implying a major role of the SVC on voltage control and
transient stability as well [8].
In this paper, a comparison between different PSS methods
will be applied in order to test for the most suitable PSS model
with the best settling time. An introduction about the SMIB
power system followed by the simulation under different types
of faults will be illustrated. Then, a PSS will be introduced to
the SMIB circuit in the purpose of exploring its effect on the
system’s oscillations. Subsequently, three modified types of the
PSS will be simulated. Finally, results between all approaches
are to be compared showing the best methodology in terms of
stabilization.
II. MATHEMATICAL MODEL
The connection between the small-signal stability
associated with a single generator and the rest of the power
system through transmission lines exemplify the SMIB
represented in Fig.1.
Vt

V∞

G
Fig. 1. Single Machine Infinite Bus (SMIB) Power System

The terminal voltage on the receiving end is a constant
value, as well as the frequency of operation, and do not vary
with the variation or the amount of real power or reactive
power flowing in the network, whether they are drawn from or
added to the system. The linearized State-Space Model (SSM)
that represents the SMIB circuit is computed to be as follows,
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The parameters of the block are listed in the Appendix.
III. POWER SYSTEM STABILIZER
Power system transient stability is improved by
incorporating a PSS to the synchronous machine. The main
task is to lower the low frequency oscillations that result from a
disturbance. PSSs are used as components that take the speed,
or the speed deviation as input, and generate a stabilizing signal
throughout an automatic voltage regulator into the synchronous
machine by providing the required additional damping torque.
PSSs can be tuned in order to provide the best suitable
damping effect that helps in subsiding the oscillating
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impurities. The complete SSM of HPM, with AVR and PSS is
as follows:
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Where the parameters are listed in the Appendix.
A. SVC-Based PSS
The SVC is an electrical model that doesn’t include rotating
parts or moving components, consisting of a fixed capacitor as
well as a thyristor controlled reactor applied among the
transmission lines. The role of this reactor is to assure a
continuous control of the reactive power, and consequently of
the voltage. This is known as active compensation, aiming to
make the system close to a unity power factor.
B. PID-Based PSS
In the assessment of stability, PID controllers can also be
implemented as PSS units. The tuning operation of this
controller gives the best optimal solutions for Kp, Kd and Ki
that make the oscillations subside faster, and higher the
percentage of stability of the power system. The proportional
term mainly deals with the overshoot rate, and the integral
term deals with the total of recent errors in the system whereas
the derivative term is related to the rate of changing of the
current error.
C. Fuzzy-Based PSS
One of the methods used in stabilizing a power system is
the implementation of fuzzy logic through a power system
stabilizer. The first task is to pick the state variables of the
system as inputs and output to the fuzzy-based controller. For
the dynamic response study, the speed deviation and the
acceleration are chosen as inputs for the logic controller.
The linguistic variables of the fuzzy membership functions
and the fuzzy rules are represented in TABLE 1 and TABLE
2, respectively. The fuzzy based PSS controller output is the
stabilizing voltage Vstab.
TABLE 1. LINGUISTIC VARIABLES

Membership Function
NB Negative Big
NM Negative Medium
NS Negative Small
ZE Zero
PS
Positive Small
PM Positive Medium
PB Positive Big
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TABLE 2. FUZZY RULES
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IV. SIMULATION AND RESULT
The SMIB with three types of PSS controllers namely the
SVC, PID, and fuzzy are simulated in Simulink and shown in
Fig. 2. The machine’s rotor speed in normal operating
conditions in pu is shown in Fig. 3. A balanced three-phase
fault is simulated by isolating the three lines and therefore
zero power delivered to the load. The rotor speeds up at the
time of the fault from 1 sec to 1.2 sec, then it tries to restore its

speed towards reaching the steady-state after the fault is
cleared. The machine’s speed deviation oscillates and because
of the inherent damping of the machine, the oscillations
subside after a long time, Fig. 4. Hereinafter, three different
types of PSS controllers are applied to the faulted SMIB
power system. The three controllers are SVC, PID, and Fuzzybased PSS. The SVC is applied to the ∞-bus and the produced
voltage is applied to the excitation system as a stabilizing
voltage. The PID takes in the rotor speed deviation as an input
and provides the stabilizing voltage for excitation system. The
fuzzy-based PSS blocks take in both the rotor speed and its
deviation as inputs and it outputs the stabilizing voltage for
excitation system. The SVC-based PSS improved the
oscillations of the machine’s rotor speed, however the PID
reduces the number and magnitudes of the oscillations and
thus provides a better response than the SVC-based PSS, Fig.
4. The fuzzy-based PSS shows that has the best response
among all controllers; it enhances the machine’s damping and
settling time tremendously, Fig. 4.

Fig. 2. Single Machine Infinite Bus Power System with three types of PSS controllers namely the SVC, PID, and Fuzzy.

1.03

Rotor Speed, pu

1.02

Faulted
SVC
PID
Fuzzy

Fault Cleared
at 1.2 sec

1.01
1
0.99
0.98

Fault Started
at 1.0 sec

0.97
0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

Time, sec

Fig. 3. The no-fault machine’s rotor speed in pu.
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Fig. 4. Machine’s rotor speed in pu after a balanced three-phase fault, a SVCBased, a PID-Based PSS, and a Fuzzy-Based PSS.
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V. CONCLUSION
A PSS is a critical component that should be applied to the
excitation system of a synchronous generator in order to
assure faster damping and settling time. In this paper, three
different types of PSS were considered, namely SVC, PID,
and fuzzy. The simulation showed, after a three-phase
balanced line-to-ground fault occurred at 1 sec, that the fuzzybased PSS provided the best response in terms of magnitudes
of oscillations and the settling time.
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