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Abstract— It is widely accepted that transient stability is an
important aspect for- designing and upgrading electric power
system. The main objective of this paper was to study the
performance of the system under pre-fault condition and as
well as in three phase balance fault condition. In this paper,
transient stability analysis of IEEE 10 bus system was
performed using Mi-POWER. The power flow studies were
performed to check pre-fault conditions in the system using
Newton-Raphson method. With the help of three-phase
balanced fault, the variations in power angle of the system
were studied. For three-phase balanced fault, fast fault
clearing time was analyzed to bring back the system to the
stability.
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I. INTRODUCTION

Now-a-days, it has become essential to maintain the system
in synchronism, because the system is enlarging day-by-day
and these results in installation of larger machines. Due to
this, disturbances are increasing continuously in power
system. The transient interruption is caused by the changes in
the load, switching operations, faults and loss excitations.
Thus, it is very important to get back to synchronism or
equilibrium after disturbances in the electrical utilities.
Hence, perfect analysis of transient stability is required to
reduce problems such as blackouts, loss of synchronism, etc.

Il. POWER SYSTEM STABILITY

Power system stability is ability of an power system for a
given initial operating condition, get back to a state of
operating equilibrium after being subjected to a physical
disturbance, with most system variables bounded so that
practically the entire system remains unhurt. Power system
stability are generally divided into two major categories:-

—  Steady-state stability

Transient stability

—  Dynamic stability

A. Steady State Stability

The ability of the power system to regain or return to
synchronism after small and slow disturbances is called
Steady-state stability. Stability of a power system is its ability
to regain to normal or stable operating conditions after having
been subjected to some form of disturbance. On the other
hand, instability means a condition denoting loss of
synchronism or falling out of step.

B. Transient Stability

Transient stability is the ability of the power system to keep
in synchronism when subjected to a severe transient
disturbance such as the occurrence of a fault, the sudden
blackout of a line or the sudden application or removal of
loads. The resulting system comeback involves large outing
of generator rotor angles and is influenced by the nonlinear

power-angle relationship. For a ample disturbance, changes
in angular differences may be so large as to cause the machine
to fall out of step. Transient stability is a fast phenomenon,
which is usually appearing within one second for a generator
close to the cause of disturbance. The objective of the
transient stability study is to determine, whether the load
angle returns to a steady value following the clearance of the
disturbance.

C. Dynamic Stability

Dynamic stability is the ability of the power system to
maintain stability under continuous small disturbances also
known as small-signal stability. These small disturbances
occur due irregular fluctuations in loads and generation
levels. This stability is able to regain synchronism with
inclusion of automatic control devices such as automatic
voltage regulator (AVR) and frequency controls. This is in
addition of the steady state stability which takes a longer time
to clear the disturbances.

In this paper, the main attention is given to transient
stability of system. The transient stability analysis is carried
out for a less time period that will be equal to the time of one
swing. This analysis is convey out to determine whether the
system losses stability during the first swing or not. Transient
stability depends on both initial operating state of system and
state when disturbance occurs Instability is in the form of
irregular drift due to insufficient synchronizing torque, and is
referred to as first swing stability.

In this paper, Transient stability analysis is achieved
with the help of three-phase balanced fault. The faults could
happen when a phase constitute a connection with another
phase, lightning, insulation deterioration, wind damage, trees
falling across lines, etc.

The single line diagram of IEEE 10 bus model is
shown in figure2.1:

(o) Gen1

Fig. 2.1: IEEE-10 Bus Model

I1l. METHODOLOGY

A. Power Flow Studies

In power engineering, the power-flow study, or load-flow
study, is a statistical analysis of the flow of electric power in
an interconnected system. A power-flow study commonly
uses simplified notations such as a one-line diagram and per-
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unit system, and focuses on various aspects of AC power
parameters, such as voltages, voltage angles, real power and
reactive power. It inspects the power systems in normal
steady-state operation.

Power-flow or load-flow studies are crucial for
planning future expansion of power systems as well as in
determining the best operation of existing systems. The
principal information acquired from the power-flow study is
the magnitude and phase angle of the voltage at each bus, and
the real and reactive power flowing in each line.

B. Transient Stability Analysis

Transient stability studies deals with the outcome of large,

sudden disturbances such as effect of large sudden outage of

line, occurrence of fault, or the sudden application or removal

of loads. To assure that a system can with stand the transient

condition following a disturbance; transient stability analysis

should be performed.

The steps to perform transient stability in Mi-Power-

1) Step 1: Create a single line diagram for IEEE-10 bus
system in Mi-Power for a given data. Solve for Load flow
analysis by using NR method.
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Fig. 3.1: Load Flow Studies
2) Step 2: After executing load flow, solve for transient
stability. In this vary simulation time say 5sec in steps of
0.01sec.

3) Step 3: Select disturbance as 3 phase to ground fault.
Enter the different disturbance clearing time (say
0.083sec, 0.1sec and 1.083sec) and execute the transient
stability.
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Fig. 3.3: Three Phase To Ground Fault
4) Step 4. Make the comparison of results, which is
obtained for 3 different cases.

C. Standard Parameters
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Fig. 3.2: Transient Stability Studies

Lin | Fro | To Line I(r;ﬂe)dance Half Line
e m | Bu Resistan : .Reactan chargingsuscept
no. | bus | s ance (p.u.)
ce ce
1 7 8 | 0.0085 0.072 0.0745
2 7 5 0.032 0.161 0.153
3 5 4 0.010 0.085 0.088
4 6 4 0.017 0.092 0.079
5 9 6 0.039 0.170 0.179
6 8 9 | 0.0119 | 0.1008 0.1045
7 8 10 0 0.001 0
Table 1: Line Parameters of 9 Bus System
BUs Volt_age Minimum Maximum
No magnitude MVAr MVAr
' (p.u.) Capacity Capacity
1 1.04 -72 72
2 1.025 -72 72
3 1.025 -72 72
Table 2: Machine Data of 10 Bus System
Traqsformer Set Tap Position
Designation
4-1 5
7-2 5
9-3 5
Table 3: Transformer Data of 10 Bus Systems
Bus No Load Active power | Load Reactive power
) MW MVAR
10 100 35
5 125 50
6 90 30

Table 4: Load Data of 10 Bus Systems

IV. RESULTS & DISCUSSION
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Bus v Angle P Qgen Pload Qload
No. [pw] Degree gen MVAR | MW MVAR
MW

Bus1 | 1.0400 0.00 T1.643 27.066 0.00 0.00
Bus2 | 1.0250 | 9.28 163.00 |s5.705 0.00 0.00
Bus3 | 1.0250 | 4.67 25.00 -10.80% | 0.00 0.00
Bus4 | 1.0238 2322 0.00 0.00 0.00 0.00
Bus3 | 0.9956 | -3.99 0.00 0.00 123.00 50.00
Bus6 | 1.0126 | -3.69 0.00 0.00 90.00 30.00
Bus7 | 1.0257 | 372 0.00 0.00 0.00 0.00
Bus® | 1.0158 | 0.73 0.00 0.00 0.00 0.00
Bus® | 1.0323 197 0.00 0.00 0.00 0.00
Bus 1.0155 | 0.67 0.00 0.00 100.00 35.00
10

Table 5: Load Data of 10 Bus System

The load flow analysis and transient stability for the standard
IEEE-10 bus system are performed. The standard IEEE 10
bus system consists of 10 buses, 3 generators, 3 loads and 3
transformers. Table V shows load flow analysis carried out
using Newton- Raphson method. Table VI shows the
comparison of different fault clearing times.

1) Case 1: Fault clearing time set at 0.083sec
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Graph 4.1: Angle in Degree v/s Time in Sec
2) Case 2: Fault clearing time set at 0.1 sec
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Graph 4.2: Angle in Degree v/s Time in Sec
3) Case 3: Fault clearing time set at 0.2 sec
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The load flow analysis and transient stability for the
standard IEEE-10 bus system are performed. The standard
IEEE 10 bus system consists of 10 buses, 3 generators, 3
loads and 3 transformers. Table 4.2.1 shows load flow
analysis carried out using Newton- Raphson method. Table
VI shows when three-phase balanced fault is applied on bus
7.

At very firstly, we cleared fault after 0.083 sec and
maximum angle is 43.81 degrees and system is stable. And
after some time when we cleared the fault after 0.1sec we seen
that angle is increases but it is in the limit hence system is
stable. But when we increase the critical clearing time to
0.2sec, the angle start increasing beyond the limitation and
the system is said to be out of synchronism.If we take further
time to clear the fault, system will go out of synchronism, so
critical clearing time should be very low to keep the system
in synchronism. Graph 4.1 to 4.3 shows variations in angle of
system when fault clearing time is increased.

Case Fau!t Max Swing
No C_Iearlng _ Angle Remark
' in sec in degrees
1 0.083 43.81 Stable
2 0.1 96.77 Stable
3 0.2 199.20 Unstable

Table 6: Comparison of Different Fault Clearing Times

V. CONCLUSION

It is concluded that Power system should have very low
critical clearing time to operate, if we separate the faulty
section within very short time, thus system can obtain the
stability otherwise it will go out of synchronism. In this load
flow studies are performed to analyse the transient stability of
system. The behaviour of three phase balanced fault was
investigated and studied. Thus the protection system provided
for the system should have fast feedback.
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