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ABSTRACT

This paper presents a Multi-band Power System Stabilizer Model for power flow optimization in order to
improve power system stability. Power System Stabilizer (PSS) is equipment that can be used to enhance
the damping of power system during low frequency oscillations. For large scale power systems comprising
of many interconnected machines, the PSS parameter tuning is a complex exercise due to the presence of
several poorly damped modes of oscillation. The problem is further being complicated by continuous varied
in power system operating conditions. In the simultaneous tuning approach, exhaustive computational tools
are required to obtain optimum parameter settings for the PSS, while in the case of sequential tuning,
although the computational load is fewer, evaluating the tuning sequence is an additional requirement.
There is a further problem of eigenvalue drift. This paper presents the multi-band PSS model for designing
robust power system stabilizers for a multi machine system. Simulations were carried out using several
fault tests at transmission line on a Two-Area Multi-machine Power System. As a reference the PSS model,
Delta w PSS and Delta Pa PSS has been used for comparison with the PSS under considerations. The result
shows that power transfer response using the model is more robust than Delta w PSS and Delta Pa PSS,
especially for three phase faults and phase to ground faults.

Keywords: Power System Stabilizer, Multi-Band, Transient Stability, Oscillation, Multi-Machine Power
System.

1. INTRODUCTION

In operation, the electrical power system is often
impaired short circuit, either permanent or
temporary. The short circuit can cause a deviation
in the variables of the electric power system, such
as voltage, frequency, and others. This deviation
may affect the stability of the power system.
Stability in the electric power system is defined as
the ability of the power system to maintain
synchronization at the time of interruption and after
interruption occurs [1] —[3].

Power System Stabilizer (PSS) is a device that
serves to maintain the stability of the power system.
PSS action is to expand the limits of power system
stability by delivering synchronous machine rotor
oscillation damping via the excitation generator.

Damping is provided by an electric torque applied
to the rotor in line with variations of speed. On the
other hand, the use of artificial intelligence-based
method has a lot of help in the field of electrical
power systems [4] — [10]. The use of artificial
intelligence-based method is not only limited to the
field of image processing [11] — 15].

In a period of four decades, various methods
have been applied to design the PSS in order to
improve performance of the overall system. Most of
the PSS is used in the electric power system was
developed based on the classical linear control
theory [16]. Linear control theory refers to a linear
model of the power system configuration is fixed.
In other words, PSS with fixed parameters are often
called conventional PSS able to function at its
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optimum for a particular operating condition and
are not effective for the operating conditions change
drastically [17]. PSS is widely used conventional
power companies because simple in structure,
flexibility, and easy to implement. However
performance of PSS can decrease with changes in
the operating conditions of electrical power
systems. Because the electric power system is
highly nonlinear, conventional PSS with fixed
parameters could not cope with the changes to the
operating conditions of electrical power systems.
To overcome this there are two main approaches to
stabilize the power system over a range of operating
conditions, i.e. adaptive control approach and
robust [18]. Adaptive control is based on the idea
that it is continually renew the controlling
parameter corresponding current measurement.
However, adaptive control usually performance bad
experience during the learning process, unless
obtained really fit. Successful operation of adaptive
controllers requires a reliable measurement and
lasted continuously to get the desired results, if not
then the control parameter settings will fail [19].
Sturdy controller will provide an effective approach
despite the electrical system operating conditions
vary greatly. Performance perfect on sturdy
controllers will be able to overcome uncertainty
obtained when control parameters. However, in
order to achieve the necessary conditions and
relatively high cost [20].

In this study will be elaborated models IEEE
Standard 421.5 PSS to design in order to overcome
the problem of transient stability of the system
multi-machine. In this approach, it is conducted
linearized model of the machine on power system.
With this approach is expected to be obtained by a
relatively simple method and is suitable for power
system conditions that are very varied.

2. POWER SYSTEM STABILITY

Large electric power system is generally a multi-
machine system connected to an infinite bus.
Growing an electric power system, the more
vulnerable to interference, especially interference
short-circuit. One effect is the oscillation power
interruption will cause the system out of the area of
stability and can result in an even worse as a total
blackout [1]. Based on data from Westinghouse in
1964, the probability of occurrence of short circuit
for the various types of interference that is to
disruption by 5%  three-phase, two-phase
disturbance to the land by 10%, interruption phase
to phase by 15%, and the disruption of one phase to
ground 70% [2].
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Basically, the stability of the power system is
divided into steady state stability and transient
stability. Transient stability associated with the
major disruption that occurs suddenly, like a short
circuit, line  disconnection, removal  or
disconnection of the load. While the steady state
stability associated with the ability of the power
system to return to the conditions of its operating
point after a small disturbance such as changes in
power or load slowly. Steady state stability also
called dynamic stability. Small changes in load will
result in a change in the angular velocity of the
rotor and generator terminal voltage. Angular
velocity will swing around speed and voltage
synchronous generator terminal converging around
its nominal voltage.

In the multi-machine system, a system is said to
be dynamically stable if after disturbance (load
change) the difference in the angle of the rotor head
at a certain finite value. If there is a difference
between the generator rotor angles progressively
enlarged then the system is unstable. Due to
changes in the load on dynamic stability studies are
relatively small, the electric power system model
used in this study is a model of linear or non-linear
models were linearized. Small changes in load on
the power system is a matter that could not be
avoided and it is always the case. Therefore, it is
necessary to design a controller that can maintain
the power system remains stable, commonly called
Power System Stabilizer (PSS).

PSS basic function is to expand the limits of
stability by modulating the generator excitation to
produce oscillation damping rotor synchronous
motor. The oscillation usually occurs within a
frequency range of about 0.2 to 3.0 Hz, and can
interfere with the ability of the system to transmit
electrical power. In order to dampen these
oscillations, PSS must be able to produce electric
torque components according to the generator rotor
speed changes. One example of the implementation
of PSS in addressing the stability of the system is
shown in Figure 1.
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Figure 1. Implementation Of PSS In Generator ’ Tngfﬁe:s - 1;{
PSS models in this study refer to the IEEE 421.5 At 1__: J
standard, known as Multi-Band Power System . VH
Stabilizer (MB-PSS), as shown in Figure 2. In the Figure 2. Diagram Mb-Pss Stabilizer

MB-PSS applied three kinds of filters are low-pass
filter, intermediate-pass filter, and high-pass filter,
which serves to dampen the local oscillation, the
oscillation between networks, and global
oscillations [3]. By using this type of PSS, the
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Figure 3. PSS Model Based On IEEE 421.5
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The main parameters for setting the MB-PSS is:
gain band: KL = 3, KI = 5.5, KH = 53, the
frequency band centers: FL = 0.1076 Hz, FI =
1.1958 Hz, FH = 12 Hz. MB PSS was designed to
quell disturbances that occurred in the electric
power system. Disturbances caused oscillations in
the electromechanical generator in the power
system. Electromechanical oscillations can be
classified:

1). Local Oscillation. These oscillations are
caused by disorders that occur between one
generator unit is active and the inactive generator in
a power station. The oscillation frequency generally
ranges in the range between 0.8 to 4.0 Hz.

2). Oscillation between stations. This oscillation
is caused by interference between two adjacent
power stations. The oscillation frequency generally
ranges in the range between 1 Hz to 2 Hz.

3). Oscillations between areas. This oscillation is
caused by a disturbance between two groups of
generation stations in a power system. The
oscillation frequency generally ranges in the range
between 0.2 to 0.8 Hz.

4). Global Oscillation. This oscillation is
characterized by oscillations in the same phase in
the entire generator. Global oscillation frequency is
generally below 0.2 Hz. This oscillation also called
power swing, and effectively should be suppressed
to maintain the stability of the power system.

MB PSS oscillation damping action using the
three fields of different frequencies to dampen the
entire spectrum frequency oscillations that can
occur in the power system is achieved. There are
three areas of the frequency used, each of which is
used to handle low frequency oscillation mode low,
medium, and high. Field of low frequency (low
band) is generally associated with global fashion
power system. Field intermediate frequency
associated with the mode of inter-area power
system. Medium field of high frequency is
associated with a local mode (in a generating
station).

Furthermore, IEEE standards-based PSS models
applied in Matlab Simulink software as shown in
Figure 3.

3. METHODOLOGY

This research is a model development and testing
PSS models are the model of the power system
circuit multi-machine. PSS and simulation models

developed in the device-software Matlab-Simulink.
Research steps are summarized in the flow chart as
seemingly in Figure 4.

Start
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Literature review

A 4

Create the multi-machine model

Design Power System Stabilizer

\ 4
Examine the PSS
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Examine short circuit fault on system without PSS
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Other PSS Yes
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Analize the PSS performance

Conclusion

A4
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Figure 4. Research Steps Of This Research

4. RESULTS AND DISCUSSION
4.1. Power System Modeling Multi-machine

Multi-machine electric power system model used
is the electric power system consisting of two areas
the number generator is 4 units and the number of
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the bus is 10 pieces, as shown in Figure 5. Multi-
machine system consists of two areas that are
connected by a 220 km transmission lines. The
nominal voltage is the system used is 230 kV. Each
area has two synchronous generators with the same
capacity is 900MVA at a voltage of 20 kV. Each
generator in both areas (M1, M2, M3, and M4) is
connected to the power transformers (T1, T2, T3,
and T4). Fourth generators have identical
parameters, except inertia (H) is for generators in
area 1 of 6.5 seconds and to a generator in area 2 by
6.175 seconds.

Each generator is capable of producing active
power of 700 MW. Generator load is assumed to be
a big burden with constant impedance. Load in area
1 of 967 MW (L1) and in area 2 of 1767 MW (L2).
In this condition shows that the area 1 has excess
power, while the second area opposite of power
shortage, therefore, as shown in Figure 6 there is a
413 MW power is transferred from one area to area
2. In order to improve the voltage profile in each
area then installed two power capacitors (C1 and
C2) each with a capacity of 187 MVAr to improve
the power factor.

AREA 2
9 10

OHH e
b Lk

2 1

Figure 5. Multi-Machine System Of IEEE Standard For 4
Generator 10 Bus By Interference On The Transmission
Line

Electric power system circuit diagram multi-
machine in Figure 5 is based on the data above is
implemented in software Matlab-Simulink for
simulation of power system experiencing
interference on the transmission line.

4.2. PSS Performance on Small-Signal

In order to test the signal-small performance in
the form of 12-cycle pulse on the reference voltage
M1, then the simulation response closed-loop
systems is created. To simulate the closed-loop

system response signal (small-signal), CB transition
time and tool interference on the main diagram
should be disabled by multiplying by 100. Then the
timer block M1 controller reference voltage
switched by changing the multiplier factor of 100 to
1. Choose PSS types to perform simulations with
PSS models determine the choice of 1, 2, or 3.
Furthermore, simulation and recorded some of the
variables that will be used as a comparative study
between types of PSS. Important variables eg
engine rotation speed and terminal voltage stored in
the matrix W and the matrix Vt, which can be seen
in the block "Machine" and block "system" in the
main diagram. The same process is done for all
three types of PSS to be tested. To see the
comparison performance each PSS, then double-
click the icon "Show Results: Step Vref M1". In the
images shown, there are four plots that first plot
shows the power transfer from area 1 to area 2, the
second plot shows the M1 engine rotation speed, a
third plot shows the acceleration power M1
machines, and the fourth plot (bottom) shows the
terminal voltage M1 machine.

Based on Figure 6 is shown that the entire PSS
can work well in order to stabilize the system which
is basically unstable system. From the picture is
also seen that in general the design of PSS results
of this research have performance relatively better
than Delta w PSS and Delta Pa PSS. PSS design
results in this study were significantly able to
reduce the oscillation system.

pulse magnitude on voltage reference

5 T : ‘
&

® : |
——— PSS Multi-band
— PS5 Deltaw
— P35 Delta Pa

0, .5 1 2 3 4
n

A M

Figure 6. Performances Of Each PSS.

4.3. PSS Performance on Three Phase

Symmetrical Fault

To test performance a PSS in addressing issues
of dynamic stability of electric power systems
especially multi-machine system, then tested the
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system with a large signal which is usually caused
by changes in the operating conditions of the
system. Based on Figure 7 shows that the
performance system using Delta Pa PSS very bad.
It is seen that the system failed to synchronize.
Synchronization failure is due to the Delta Pa PSS
using an open loop system is unable to improve
response poor results. While using the PSS system
design results in this study and also Delta w PSS
succeeded in maintaining the stability of the power
system multi-machine.

Three phase circuit on transmission line

—— PSS Multi-band
——— P35 Delta w
— PSS Delta Pa

Figure 7. Performance Of PSS In Three-Phase
Symmetrical Fault On The Transmission Line

As seen in the picture that both Delta w PSS and
Delta Pa PSS is very effective in dampening
oscillations power transfer. But in terms of the
frequency of the closed loop swing, designed by
PSS lower than other types, namely time to reach a
normal terminal voltage relatively shorter. While
Delta w PSS requires a very long time to reach the
terminal voltage conditions. Moreover also in terms
of acceleration power, PSS can reduce design
results more quickly than other types PSS. This is
due to the design used in PSS filter LF, MF, and
HF.

4.4. Performance of PSS on Phase to Ground
Fault

Furthermore, the simulation phase to ground
disturbance on the transmission line to a state
without a state with PSS and PSS. The goal is to
find out more about PSS performance against
engine characteristics M1, M2, M3, and M4 on the
system multi-machine simulated. The results of the
three-phase symmetrical interference test to see
performance machine shown in Figure 8.

In Figure 8 shows that the PSS result of design
using fast sampling method gives very good results,
which is marked by the achievement of stability

multi-machine system. It appears that the bus
voltage bus B1 and B2 practical experience stability
in the second-to-4 after previously having state
phase transition due to soil disturbance on the
transmission line. Almost the same situation also
occurred in the graph of the power transfer area 1 to
area 2 as shown in Figure 8. It appears that despite
a overshoot at the second-to undershoot the 0.5 and
1.2 seconds due to the short circuit phase to ground
then the stability of the power system is
experiencing the second-to-4. This state is a state
that is expected to improve system performance.

SESLL hism OGS .

VBN & VB2 [pu) Urutan Pasitf

Daya Aktif dari B1 ke B2 (M)

Figure 8. Voltage Profile Voltage And Active Power
Flow Interruption During The Phase To Ground Fault

Figure 9. Engine Rotation Angular Velocity (W),
Changes In Engine Power (Pa), And The Terminal
Voltage (Vt) Condition During Phase To Ground Fault

PSS excellence designed by using the sampling
method quickly to address the problem of transient
stability of the system is also shown in Figure 9. It
appears that for variable speed engine rotation
angle (w), changes in engine power (Pa), and the
terminal voltage (Vt) also experienced stability
which is very significant in the second-to-third,
despite a oscillation until the second-to-1.5 phase to
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ground due to interference on the transmission line.

5. CONCLUSION

Based on the PSS application testing on the
machine M1 of the power system multi-machine to
short circuit symmetrical three-phase PSS found
that that good design results in this study, PSS w
Delta, or Delta Pa PSS gives relatively good results
in reducing oscillation system variables of which
transfer electrical power, changes in angular
velocity generator, and the generator terminal
voltage. Third PSS can work well in order to
stabilize the system which is basically unstable
system. However, PSS design results in this study
have the performance relatively better than Delta w
PSS and Delta Pa PSS in terms of ability to reduce
oscillation and speed of reaching a state of
instability.

Based on testing PSS to see the characteristics of
all four engines in the power system model multi-
machine, the results showed that PSS design using
feedback method of sampling rapidly deliver good
results compared Delta w PSS and Delta Pa PSS
primarily on the state of the system is experiencing
a phase short circuit to ground and phase to phase
disturbances on the transmission line. In both types
of this disorder, PSS results of the design is able to
make the state of the system became stable after
four seconds later to various variables of which the
voltage on the bus-bus system multi-machine,
transfer power from one area to area 2, the speed of
the generator rotor angle, change the power
generator, and the terminal voltage of the generator.
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