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ABSTRACT: The purpose of this paper is to study and investigate the stability analysis of multi-machine nine bus bar
power system network using power system stabilizer. Power system is subjected to sudden changes in load levels.
Stability is an important concept which determines the stable operation of power system. The classical three-machine
nine-bus system is the simplest model used in studies of power system dynamics and requires of minimum amounts of
data. Hence such studies can be connected in a relatively short time under minimum cost. In general rotor angle
stability is taken as index, but the concept of transient stability, which is the function of operating condition and
disturbances deals with the ability of the system to remain intact after being subjected to abnormal deviations. A system
is said to be synchronously stable (i.e., retain synchronism) for a given fault if the system variables settle down to some
steady-state values with time, after the fault is removed.

In this paper, we have created a three phase fault at time 0.25 seconds at bus 5 and cleared at time 3.7 seconds. On
implementing PSS, the machine achieved a better response in terms of power swing when compared with initial
condition. A MATLAB simulation has been carried out to demonstrate the performance of the multi-machine nine-bus
system.

KEYWORDS:Power system stabilizer, multi machine, stability analysis, rotor angle stability, transient stability, three
phase fault.

I.LINTRODUCTION

Power systems generally consist of three stages: generation, transmission, and distribution. In the first stage,
generation, the electric power is generated mostly by using synchronous generators. Then the voltage level is raised by
transformers before the power is transmitted in order to reduce the line currents which consequently reduce the power
transmission losses. After the transmission, the voltage is stepped down using transformers in order to be distributed
accordingly. Power systems are designed to provide continuous power supply that maintains voltage stability.
However, due to undesired events, such as lightning, accidents or any other unpredictable events, short circuits between
the phase wires of the transmission lines or between a phase wire and the ground which may occur is called a fault. Due
to occurring of a fault, one or more generators may be severely disturbed causing an imbalance between generation and
demand. If the fault persists and is not cleared in a pre-specified time frame, it may cause severe damages to the
equipment’s which in turn may lead to a power loss and power outage. Therefore, protective equipment’s are installed
to detect faults and clear/isolate faulted parts of the power system as quickly as possible before the fault energy is
propagated to the rest of the system.

Simulink is an interactive environment for modelling and simulating a wide variety of dynamic systems. A system is
built easily using blocks and results can be displayed quickly. Simulink is used for studying the effects of non-linearity
of the system and thus is an ideal research tool. Use of Simulink is growing rapidly for research work in the area of
power system and also in the other areas. Time domain simulation method is implemented in this paper. In this paper
multi machine nine bus system is modelled in Matlab/simulink and transient stability analysis is done with the fault
located in a bus

Il. POWER SYSTEM STABILITY

Power system stability is the ability of an electric power system, for a given initial operating condition, to regain a state
of operating equilibrium after being subjected to a physical disturbance, with most system variables bounded so that
practically the entire system remains intact. Stability phenomenon is a single problem associated with various forms of
instabilities affected on power system due to the high dimensionality and complexity of power system constructions
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and behaviors. For properly understood of stability, the classification is essential for significant power system stability
analysis. Stability classified based on the nature of resulting system instability (voltage instability, frequency
instability...), the size of the disturbance (small disturbance, large disturbance) and timeframe of stability (short term,
long term). In the other hand, stability broadly classified as steady state stability and dynamic stability. Steady state
stability is the ability of the system to transit from one operating point to another under the condition of small load
changes. Power system dynamic stability appears in the literature as a class of rotor angle stability to describe whether
the system can maintain the stable operation after various disturbances or not. Figure 2.2 shows the classification of

power system stability.
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Figure 2.1 Classification of stability based on IEEE

2.1 Rotor Angle Stability

Rotor angle stability is concerned with the ability of interconnected synchronous machines of a power system to remain
in synchronism under normal operating conditions and after being subjected to a disturbance. The stability of
synchronous machines depends on the ability of restoring the equilibrium between their electromagnetic outputs
torques and the mechanical input torques and keeping at synchronize with other machines following a major
disturbance such as short circuit. Under steady state conditions, there is equilibrium between the input mechanical
torque and the output electromagnetic torque of each generator, and the speed remains constant. If the system is
perturbed, this equilibrium is upset and instability may occur in the form of increasing or decreasing angular swings of
some generators leading to their loss of synchronism with other generators. The change in electrical torque AT of a
synchronous machine following a perturbation can be resolved into two components as follows:

T.=TS Ad + Tp Aw 1]

Where TS Ad is the component of torque change in phase with the rotor angle perturbation A3 and it is referred to as
synchronizing torque component. Ts is the synchronizing torque coefficient. Tp Aw is the component of torque change
in phase with the speed deviation Ao and it is referred to damping torque component. Tp is the damping torque
coefficient.

Stability of each machine in the system depends on the existence of both components. Lack of sufficient synchronizing
torque produces instability through aperiodic or non-oscillatory drift in the rotor angle, whereas lack of damping torque
results in oscillatory instability causes rotor oscillating with increasing amplitude. Rotor angle stability depends on the
initial operating state and the severity of the disturbance on synchronous machines. Commonly, rotor angle stability are
classified into small disturbance-rotor angle stability and large disturbance-rotor angle stability for gaining more
understanding and insights into the nature and characteristics of stability problem.
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2.2 Voltage Stability

Voltage stability refers to the ability of a power system to maintain steady voltages at all buses in the system after being
subjected to a disturbance from a given initial operating condition. The voltage deviations need to maintain within
predetermined ranges. A voltage stability problem occurs in heavily stressed systems, which associated with long
transmission lines. Voltage stability depends on the active and reactive power balance between load and generation in
the entire power system and the ability to maintain/restore this balance during normal and abnormal operation. The
main contributor in voltage instability is the increase of reactive power requirements beyond the sustainable capacity of
the available reactive power resources when some of the generators hit their field or armature current time-overload
capability limits. The other contributor is the extreme voltage drop that occurs when active and reactive power flow
through inductive reactance of the transmission network; this limits the capability of the transmission network for
power transfer and voltage support. A typical scenario of voltage instability is unbalance reactive power in the system
resulting in extended reactive power transmission over long distances.

As long as the load increases, the power transmitted to supply load also increases while bus voltages on transmission
line will drop in inductive network. Close to the maximum transmission capability, a small increase of the load implies
a great decrease in the voltage level of the network that may lead to cascaded outages (under-voltages protective
devices) while instability occurs in the form of a progressive fall of some bus voltages (voltages collapse).

Generally, the voltage collapse mainly affected by the large distances between generation and load, under load tap
changing transformers performance during low voltage conditions, unfavourable load characteristics, and poor
coordination between various control and protective systems. In addition, the system may experience uncontrolled
over-voltage instability problem at some buses due to the capacitive behaviour of the network and under excitation
limiters that preventing generators and synchronous compensators from absorbing excess reactive power in the system.
This can arise if the capacitive load of a synchronous machine is too large. Examples of excessive capacitive loads that
can initiate self-excitation are open-ended high voltage lines, shunt capacitors,and filter banks from HVDC stations.
The phenomena of voltage stability can be classified into small disturbance and large disturbance voltage stability.
Small-disturbance voltage stability refers to the system’s ability to maintain steady voltages when subjected to small
perturbations such as incremental changes in system load. A criterion for small disturbance voltage stability in that, at a
given operating condition for every bus at the system, the bus voltage magnitude increases as the reactive power
injection at the same bus increased. A system is voltage-unstable if, for at least one bus in the system, the bus voltage
magnitude decreases as the reactive power injection at the same bus increased. Large-disturbance voltage stability
refers to the power system ability to maintain steady voltages following large system disturbance such as loss of
generation, loss of critical lines, system faults, or protection system failures. Investigation of this form of stability
requires the examination of the dynamic performance of the system over a time sufficient to capture the interactions of
such devices as under load tap changing transformers and generator field current limiters. The voltage stability can be
classified in terms of time into short-term

Stability and long-term voltage stability. Short-term voltage stability involves the dynamics of fast acting load
component such as induction motors and electronically connected devices with study period of interest in the order of
several seconds. Long-term voltage stability involves the slower acting equipment such as tap-changing transformers
and generator current limiters with study period extend several minutes. There are many methods can be used to
mitigate voltage instability problem including operation of uneconomic generators to change power flows or provide
voltage support during emergencies, using reactive power control and compensation devices, under voltage load
shedding to avoid voltage collapse or control of network voltage and generator reactive output.

2.3 Frequency Stability

Frequency stability refers to the ability of a power system to maintain steady frequency following a severe system upset
resulting in a significant imbalance between generation and load. A typical cause for frequency instability is the loss of
generation, which results in sudden unbalance between the generation and load. The control schemes of frequency
deviation used to recover the system frequency without the need for customer load shedding by instantaneously
activating the spinning reserve of the remaining units to supply the load demand in order to raise the frequency. In case
of an incident with a large frequency deviation, the primary control (in the first 30 minutes) is activated where the
partly loaded or carry spinning reserve units selected to initiate an automatic rapid increase of their outputs within a
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few seconds. The controllers of all activated generators alter the power delivered by the generators until a balance
between power output and consumption is re-established. Spinning reserve to be utilized by the primary control should
be uniformly distributed around the system. Then the reserve will come from a variety of locations and the risk of
overloading some transmission corridors will be minimized. The frequency stabilization obtained and maintained at a
quasi-steady state value, but differs from the frequency set point. The Secondary control, in the portion of the system
contains power unbalance, will take over the remaining frequency and power deviation after 15 to 30 seconds to return
to the initial frequency and restore the power balance in each control area.

Tertiary control is additional to, and slower than, primary and secondary frequency control, which is supervisory with
respect to the secondary control that corrects the loading of individual units within an area. Load shedding used as last
option to minimize the risk of further uncontrollable system separation, loss of generation, or system shutdown.
Automatic load shedding initiated using under-frequency relays expected to be able to shed the required amount of load
during low frequency events. These relays detect the onset of decay in thesystem frequency and shed appropriate
amount of system load until the generations and loads are in balance.

I11. MODELLING OF POWER SYSTEM STABILISER

The main function of a PSS is to add damping to the generator rotor oscillations by controlling its excitation. This is
achieved by modulating the generator excitation so as to develop a component of electrical torque in phase with rotor
speed deviations. The PSS adds appropriate phase compensation to account for phase lag between the exciter input and
the electrical torque. This is performed by adding a supplementary PSS signal to the AVR summation input along with
terminal and reference voltages. The PSS block diagram is shown in Figure 3-3. Shaft speed, real power, and terminal
frequency are among the commonly used input signals to the PSS.

To power
Bl 7N syztem
Er'c;;' —» AVR —I-I ~ ——»
- \.,____,
Generator
PSS

Figure 3-1: Functional block diagram of synchronous generator excitation control system
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Figure 3-2: AVR block diagram

In this work, the rotor speed deviation is used as the input signal to the PSS. The phase compensation blocks, usually 2
to 3 first order blocks, provide the appropriate phase lead characteristics to compensate for the phase lag between the
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exciter input and the generator rotor speed. The PSS gain, KPSS, is used for amplification and its value is set

formaximum amount of damping. The blocks of signal washout, a high-pass filter, and low-pass filter are used to allow
signals associated with rotor oscillations to pass unchanged. In addition, the washout block is used to prevent steady
changes in speed from modifying the generator terminal voltage. The output of the stabiliser must be limited to prevent
damping signals from saturating the excitation system and thereby defeating the voltage regulation function. The
positive output limit of the stabiliser is set at a relatively large value in the range of 0.1 to 0.2 pu. This allows a high
level of contribution from the PSS during large swings. The negative output limit of the stabiliser, usually in the range
of -0.05 to -0.1 pu, is to allow sufficient control range while providing satisfactory transient response and also to
prevent unit trip in case of PSS output being held at the negative limit because of a failure of the stabiliser.

VPSS—mn.\'
[+5T;) sTy [+5T; [45T; [+5T;
A — m m 1 m Vss
14T | | 18T, | | 1Ty | | Ty | | Ty
Low-pass Filter  Washout Filter Nyblocks PSS Vssnin

Phase Compensation Gain
Figure 3-3: Power system stabiliser block diagram.

IV. SIMULATION & RESULT

The Matlab software is used to analysis of transient stability of the multi-machine, IEEE nine-bus bar power system
network using ieee std 421.5 power system stabilizer. The base MVA and system frequency are considered to be 100
MVA and 60 Hz, respectively. The single-line diagram of the three-machine power system is shown in Fig. 5.1. Here,
generator G1 is connected to slack bus 1, whereas generators 2 (G2) and 3 (G3) are connected to bus bars 2 and 3,
respectively. Loads A, B and C are connected in bus bars 5, 6 and 8 respectively. The transient stability analysis has
been carried out by monitoring the performance of the generators (G1, G2 and G2) and different buses. Two cases have
been considered in the transient stability analysis of this power system network. The first case is without three phase
fault in power network system and second case is the performance of power system network when three phase fault
occurs.
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Fig. 5.1: Single-line diagram of three machine power system.
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Fig. 5.2: Complete Simulink model of three machine nine bus bar power system network.

Table I1- Load Rating
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Fig. 5.3: Waveform of without three phase fault — (i) Rotor angle deviation between M1
machine M1, M2 and M3 (iii) Stator Voltage of M1, M2
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Fig. 5.5: Waveform of with three phase fault — (i) Rotor angle deviation between M1 & M
machine M1, M2 and M3 (iii) Stator Voltage of M1, M2

Fig. 5.6: Waveform of power system with 3 ®Fault (i) VVoltage of B1,B2 and B3 (ii) Line Power (iii) Power at B4
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The 3- phase fault is created at bus 5 at time 0.25 sec and is cleared after time 3.7 sec. the electromechanical
oscillations of electrical power is reduced and field voltage is also kept limited, due to this reason excitation is
maintained. The various plots of electrical power, field current, and terminal current individually initial, without PSS
and with PSS respectively of generator 3 are as shown in figures.

VI.CONCLUSION

This paper presents the improved behaviour of transient stability of a 9-bus multi machine system when implemented
with power system stabilizer using Matlab software. The comparison of transient stability performances of the multi
machine system. Initially, results of without three phase fault and fault in power system network with power system
stabilizer is compared and found that the transient stability of the system is regained after 3.7 sec by system during the
three phase fault condition.
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