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Abstract- System stability study is the important parameter of
economic, reliable and secure power system planning and
operation. Power system studies are important during the
planning and conceptual design stages of the project as well
as during the operating life of the plant periodically. This
paper presents the power system stability analysis for |IEEE- 9
bus test system. The fault is created on different busses and
transient stability is analyzed for different load and generation
conditions. The critical clearing time (CCT) is calculated by
using time domain classical extended equal area criterion
method.

I.INTRODUCTION

Electric power system stability analysis has been
recognized as an important and chalenging problem for
secure system operation. When large disturbances occur in
interconnected power system, the security of these power
systems has to be examined302026. Power system security
depends on detailed stability studies of system to check and
ensure security. The instability in the power systems manifests
itslf in different ways (frequency, angle, voltage). The focus
of this paper is on transient stability. Therefore, any mention
of stability in the manuscript refers to transient stability of the
synchronous generators. Transient instability is named as
“out-of-step” (OOS) or “pole slipping” in different studies,
too. Transient stability means the ability of the system to
maintain synchronism with other generators following a large
disturbance [4,5], which depends on system prefault
condition, fault severity, and the fault clearance manner [6].
Transient stability traditionally assesses with rotor angle and
speed of the synchronous generators[7].

I1.POWER SYSTEM STABILITY

Power system stability is the ability of an electric
power system, for agiven initia 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.
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Power system is defined as a network of one or more
generating units, loads and power transmission lines
including the associated equi pments connected to it.

The stability of a power system is its ability to develop
restoring forces equal to or greater than the disturbing
forces to maintain the state of equilibrium.

Power system stability problem gets more pronounced in
case of interconnection of large power networks.

Classification is based on the following considerations:
physical nature of the resulting instability

size of the disturbance considered
processes, and the time span involved
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I11.ROTOR ANGLE STABILITY
Rotor angle stability refers to the ability of

synchronous machines of an interconnected power system to
remain in synchronism after being subjected to a disturbance.
Rotor angle instability occurs due to angular swings of some
generators leading to their loss of synchronism with other
generators. Depends on the ability to maintain/restore
equilibrium between electromagnetic torque and mechanical
torgque of each synchronous machine.
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At equilibrium, Input mechanical torque equas
output electromagnetic torque of each generator. In case of
any disturbance the above equality doesn’t hold leading to
acceleration/ decel eration of rotors of machines.

IV. TRANSIENT STABILITY

It includes L osses-generator excitation, transmission,
switching operations and faults.

Linearization of system equation is not permitted.

Studied on the basis of swing.

Action of Voltage regulators and turbine governor are not
included.

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.

Freguency instability leads to tripping of generating units
and/or loads.

Freguency stability may be a short-term phenomenon or a
long-term phenomenon.

V.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 initia
operating condition.

A system is voltage instable if for at least one bus in the
system, the voltage magnitude decreases as reactive
power injection isincreased.

Voltage instability resultsin progressive fall or rise of voltages
of some buses.

Large scale effect of voltage instability leads to Voltage
collapse. It is a process by which the sequence of events
accompanying voltage instability leads to a blackout or
abnormally low voltages in a significant part of the power
system.

The driving force for voltage instability is usualy the
|oads.

Voltage stability problems are also experienced at
terminas of HVDC links connected to weak ac systems.
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VI.SYSTEM SIMULATION AND LOAD FLOW
ANALYSIS

In order to determine the stability status of the power
system for each contingency of any disturbance occurs in
power system, many stability studies are defined . Power
system stability analysis may involve the calculation of
Critical Clearing time (CCT) for agiven fault which is defined
as the maximum alowable value of the clearing time for
which the system remains to be stable. The power system shall
remain stable if the fault is cleared within this time. However,
if the fault is cleared after the CCT, the power system is most
likely to become unstable. Thus, CCT estimation is an
important task in the transient stability analysis for a given
contingency. In this paper for the Transient Stability Analysis,
an |EEE 9 Bus system is considered.

Criticd clearing time (CCT) in a way measures the
power systems Transient stability. It denotes the secure and
safe time margin for clearing the contingency, usually three-
phase ground-fault. The larger the value of CCT, the power
system has ample time to clear the contingency. CCT depends
on generator inertias, line impedances, grid topology, and
power systems operating conditions, fault type and location.
For a single machine infinite bus power system, CCT
calculation is straightforward.

Fig
Fig. Single Line Diagram of 9 Bustest system

The single line diagram (SLD) of the simulated test
system on ETAP is shown in Fig. For this test system
generator and load parameters are given in appendix. The tota
generation is 313MW and total load is 312.5MW. The test
system contains 6 lines connecting the bus bars in the system
with the generator connected to network through step-up
transformer at 230kV transmission voltage.

It is good practice to have periodic and updated load flow
study for every installation. The purpose of load flow study is
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i. To calculate bus voltage |levels to compare to equipment
ratings and distribution system operating requirements

ii. To calculate branch current flows for comparing it to
equipment capacity ratings and protective device trip

levels.
Table.1 Load Flow Report
Bus No. Bus |Voltage |Voltage Gen. | Gen. Load |Load
KV [Mag. (%) | Angle |(MW) |(MVAR) (MW) |MVAR
1 16.5 | 100.0 1.0 73.831| 9.738 0 0
2 18.0 | 100.0 0.3 155.00 | 92.091 0 0
3 13.8 | 100.0 -0.2 §5.00 | 41951 0 0
4 230 | 9¥.140 4.2 ] ] ] 1]
5 230 | 98.837 42 0 ( 123.847)49.550
6 230 | 98.824 42 0 0 89.245 |129.736
7 230 | 99.132 41 0 ] 0 0
8 230 | 98.864 41 0 [ 09214 |34.780
9 230 | 99.005 41 0 [ 0 0

Table.2CCT for different generation — loading conditions

Cases Fault Bus CCT{(sec)
I Bus 1 0361209
2 Bus 2 0.31683
3 Bus 3 0317580
For the above mentioned generation - loading

conditions, load shedding was performed till the system
frequency stability is regained.

Depending upon the type of plant there can be many
load flow cases to study. The objective is to identify the best
and worst operating conditions. Several load flow solution
agorithms used in industry such as Gauss-Seidel, Newton-
Raphson and current injection. There is requirement of at least
one swing bus in the network for all the Load flow solution
agorithms. The utility point of service is aways modeled as
swing bus.

The result of load flow anaysis when dl generators
and loads are operating at rated power is given in Table.l.
Calculation of critical clearing time (CCT) by using EEAC for
different generation and loading condition at the different fault
locations are shown in Table. 2.

This CCT is then used to operate the circuit breakers
near the faulted bus and hence the corresponding generators
are removed from the system. This creates the generation —
load imbal ance and hence the system frequency is affected.
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When the frequency of the system crosses the
permissible limit after the fault has occurred, the frequency
protection scheme is activated. The frequency stability of the
system is enhanced using Load Shedding.

VIl. CONCLUSION

The Critical Clearing time (CCT) i.e. the maximum
allowable value of the clearing time for which the system
remains to be stable is caculated for a given fault. System
freqguency and voltage is analyzed for different loading
conditions and faults on busses. The excess amount of load
has to be shredded to maintain system stability. There are
many different approaches that have been proposed for
transient stability prediction over the spectrum of published
material following a variety of concepts and methodologies.
Each of these methodol ogies possesses certain advantages and
disadvantages. Considering the importance of stability
phenomena, it seems that a combination of separate methods
could be amore effective solution
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