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Power System Stability, Grid A case study of 132 KV grid station is under taken for improving the reliability,
Station, Load Flow, Short stability, and also for efficient operation of the power system. Electrical Transient

Circuit, Transient Stability. Analyzer Program (ETAP) software is used to model the study which covers the

three major aspects of power system such as Load Flow Analysis (LFA), Short
Article History Circuit Analysis (SCA), and Transient Stability Analysis (TSA). LFA identified
Received on 17 March, 2026 under voltage and transformer overloading occurrences in the system. As a solution
Accepted on 10 April, 2026 to these problems, a Static VAR Compensator (SVC) system was then
Published on 14 April, 2026 incorporated in order to enhance woltage stability, decrease transformer loading

and active and reactive power losses. SCA is used to assess the fault tolerance of
Copyright @Author the system by simulating different fault scenarios such as Lineto-Grounded (LG),
Corresponding Author: Lineto-Line (LL), Double Lineto-Ground (LLG) and Three-phase (3®) faults.
M. A. Raza The results provided valuable information that enabled adequate understanding of

fault currents and protective device coordination for safe and reliable system
operation. The dynamic response of the system to disturbances, such as faults and
recovery scenarios, will be assessed through TSA. The key parameters of the
analysis were observed over a time interval of 60 seconds, which proved system
stability under fault recovery, and provided important data for stability
improvement in the future. This study not only overcame the current operational
obstacles but also led to the optimization of the performance of substations.
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INTRODUCTION

Nowadays, the modern societies' have growing energy
demand and also require reliable and stable electric
power that can be managed well [1]. As far as electricity
distribution is concerned, substations play a key role,
they are junctions where voltage levels can be adjusted,
the power is monitored and controlled [2]. Good
management of substations in turn maintains healthy
power flows, keeps voltage stable, and lowers the risk of
system breakdowns. It adds up to a more robust
electricity grid [3]. The increasing complexity of power
networks, combined with the promotion and integration
of non-conventional power sources like wind and solar
power have placed new demands on substations [4]. They
are asked today to keep up performance standards in the
face of load changes, to manage faults and other
transient disturbances more effectively. This can be seen
from their importance as network control points during
grid outages [5].

Power flow study or load flow analysis is a calculation of
steady-state operating conditions of a 132 kV grid station,
such as determining the magnitude of voltages, phase
angles, active and reactive power flows and losses across
buses and lines. In a case of a 132 kV grid station which
is a critical interconnection point of transmission lines
and distribution networks, this analysis will provide
balanced power distribution during both normal and
contingency cases. Short circuit analysis measures fault
currents (3 phase, single-line-to-ground, line-to-line) at a
132 kV grid station to determine the withstand of circuit
breakers, transformers, busbars, and insulators. The
transient stability of a 132 kV grid station after
significant events such as three phase faults, line trips, or
generator trips is considered in terms of rotor angle
swings and power-angle curves during the initial 2-10
seconds.

A case study of 132 KV substation is under taken that
represents an important infrastructure. This substation
undergone a stringent testing process and a
comprehensive receiving inspection, and it operates
reliably at high voltages [6]. It supplies electricity over a
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including industrial, commercial, and

The substation must therefore be

wide area
residential areas.
operated effectively if it is to ensure that customers have
a reliable electric power supply particularly in regions

which have experienced rapid economic growth, for large

increases in electricity demand [7]. However, the
substation is confronted with several operational
problems such as voltage instability, transformer

overloading, losses throughout the power system and
potential faults. These problems require careful analysis
to discover their causes and suggestions for solving them
in way that will raise substation operational efficiency [8].
To cope with the substation failure challenges, ETAP
software has been introduced into this research. ETAP is
an electrical network analysis and simulation program
providing a full range of analysis functions, including
LFA, SCA and TSA calculations. By modeling the 132
KV substation in ETAP, this paper is intended to analyze
the various operational modes of the substation and
propose methods to improve its performance and to
identify the critical concerns and provide solutions to
optimize the performance of the 132 KV substation. The
specific goals are:

1. To simulate the power system substation of 132
KV using ETAP software and to perform the LFA, SCA
and TSA.

4, To the undervoltage problem,
minimize the losses of power system and also to improve
the power factor of the system.

Research Methodology

A 132 kV to 11 KV substation is an important
substation of the electrical supply system which plays a
great role in providing safe, reliable, and efficient supply
of electricity from the electricity transmission network of
high voltage to the electricity distribution network of
medium voltage. Every element in the substation has its
specific purpose as well as its contribution to efficiency
and stability of the system. The research flow diagram of
the proposed work is shown in Figure 1 and the single

line diagram of 132 KV substation is presented in Figure
2.
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Figure 1: Flow chart of the proposed methodology
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A. Load Flow Analysis (LFA)

The basic objective of the LFA is to determine the bus
voltages, power flows, and checks systems limits and
losses. Further, the elements of power systems for LFA
like simple bus, slack or swing bus, voltage-controlled
buss, real and reactive buss, transmission lines and
generators. The power system is modeled through a set
of standards, which captures the bilateral flow of power
between nodes, or buses. These equations have been
obtained from Kirchhoff laws of electrical circuit [9].
Power at any bus in the network is the total power that
either enters or exits the bus in the network. The
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relationship between the power, voltage, and admittance
matrix is expressed in Eqn. (1) [10]:

(

=1
+ ) (1)
Where, P; is the active power injected into bus i, V;
and V; are the voltages at buses i and j, respectively. G;
and B; are the real and imaginary parts of the bus
admittance matrix (Y-bus matrix), which represent the
system's conductance and susceptance between buses i

and j. 6, = 6, — 6, is the phase angle difference
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between bus i and bus j. The Eqn. (2) shows the reactive
power injection [11].

=1
- ) (2)

Where, Q: is the Reactive power injected into bus i. The
above equations are applied for each bus hence giving a
system of non-linear equations and are solved for voltage
magnitudes Vi and angles 0i at each bus.

The Y-bus or the admittance matrix is one of the most
important matrices used in LFA calculations, it exhibits
the admittances of the network between the buses. An N-
bus system has an N x N Y-bus matrix of which each yij is
the admittance between bus i and bus j and it is
expressed in Eqn. (3) [12]:
+

. (3)
Where, Gj is the conductance, and Bj is the
susceptance between bus i and bus j.

B. Short Circuit Analysis (SCA)

Electricity equipment’s like generators, transformers, and
transmission lines are rated to specific voltage and
current values. The increase in the fault currents can
exceed the ratings of equipment, which can damage the
equipment. This process of estimating the potential fault
currents is known as SCA and it serves to caution that
protective devices (typically circuit breakers, relays, etc.)
are sized and coordinated accordingly. There are
different types of faults [13]:

1. Three Phase Fault: The worst fault type in terms
of the magnitude of the current. It happens when the
three phases are shortcircuited, and it is usually the fault
with the highest current in the system.

2. Line-to-Line Fault: When two phases are short-
circuited together; bypassing the load and allowing direct
current flow between two lines.

3. Line-to-Ground Fault: When a single phase
touches the ground, meaning that current flows from the
phase directly to ground.

4. Double Line-to-Ground Fault: When two phases
are shorted at the same time to ground.

Out of these faults, the three-phase fault is symmetrical,
but the rest are asymmetrical faults. Symmetrical faults
include all three phases alike that means same current
passing through all three phases while in asymmetric
faults there is less current in one or two phases [14].

The thevenin equivalent circuit reduces the complex
network to a voltage source and impedance (thevenin
impedance) for short circuit analysis. This makes it easier
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to calculate the fault currents. The formula for
calculating the fault current is shown in Eqn. (4) [15]:

.(4)

is the voltage at

Where:

the fault location before the fault occurs (often the
nominal system voltage). is the total impedance
between the source and the fault location.

To understand the system's response to different types of
faults, it’s essential to compute the short circuit current
using symmetrical components. Symmetrical
components decompose unbalanced sets of phasors (in
case of faults) into three balanced sets [16]:

1. Positive sequence components (I; ): Represent
the normal operating conditions.

2. Negative sequence components ([,
the imbalance caused by faults.

3. Zero sequence components ([p ): Represent
current flow through the neutral in case of grounding
faults.

The total fault current is the sum of these components.
For a three-phase balanced fault, the system is analyzed
using the positive sequence network only. The fault
current is given in Eqn. (5) [17]:

is the fault current,

): Represent

.(5)
1

Where: V is the prefault line-to-neutral voltage at the
fault point. Z; is the positive sequence impedance seen
from the fault point.

For a lineto-ine fault involving phases A and B, the
current through the fault is given in Eqn. (6) [18]:

R

Where: Z; is the positive sequence impedance. Z,
the negative sequence impedance.

For a single lineto-ground fault, the fault current is
determined using all three sequence networks (positive,
negative, and zero) as shown in Eqn. (7) [19]:

_— (7
1+t 2+t o ")

Where: Zi ,Z, , and Zo are the positive, negative,
and zero sequence impedances, respectively.

For a double line-to-ground fault (involving two phases
and ground), the fault current is shown in Eqn. (8) [20]:

-(8)

is

0
2
Where: Z1, Z,, and Zy are the positive, negative, and zero

sequence impedances, respectively.
The use of symmetrical components is key to analyzing
unbalanced faults in power systems. The idea is to

1+ o F
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decompose the unbalanced system into balanced sets
that can be solved using simpler techniques. Symmetrical
components allow for the decoupling of the power
system equations into three independent systems: the
positive, negative, and zero sequence networks [21]:
C. Transient Stability Analysis (TSA)
When a large disturbance occurs in the system, such as a
fault, the generators in the system may lose synchronism,
leading to system instability. The analysis aims to
whether the generators
synchronized with each other after the fault is cleared
and if the system can settle into a new stable operating
condition [22]. Transient stability is determined by
analyzing the system’s behavior over a short period
(seconds to a few minutes) after the disturbance occurs.
During this period, the system undergoes rapid changes
in generator rotor angles and power flows [23].
The primary focus of transient stability analysis is rotor
angle stability, which concerns the relative motion of
interconnected generators in the power system. If the
rotor angles between generators increase beyond a
certain threshold, the system may lose synchronism,
leading to instability [24].
The transient stability of synchronous generators is
governed by the swing equation, which describes the
rotor’s angular motion during and after a disturbance.
The equation is derived from Newton’s second law of
motion, where the unbalanced torque acting on a
generator's rotor is responsible for changes in its angular
velocity. The swing equation for a single synchronous
generator is given in Eqn. (9) [25]:

2

determine can remain

7 = (9)

Where: M is the generator's inertia constant (in MWs),
representing the kinetic energy stored in the rotating
mass. O is the rotor angle of the generator, representing

the angular displacement with respect to a reference.
2

2

is the angular acceleration. is the mechanical

power input to the generator (from the prime mover,
such as a turbine). is the electrical power output of
the generator (supplied to the grid).

The difference between the mechanical input power (
and the electrical output power ( ) results in an

)
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accelerating or decelerating torque that causes changes in
the rotor angle ®. If the system remains stable, the rotor
angle will settle into a new equilibrium point after the
disturbance.

For a multi-machine system, transient stability is more
complex, as multiple generators interact dynamically.
The swing equation for each generator is coupled with
others through the power system network. The stability
of the entire system is dependent on the relative motion
of all generators in the system. The swing equation for
each generator i in a multi-machine system is given in

Eqn. (10) [26]:
2

2 ) )

.(10)

Where: is the inertia constant of generator i. i is
the rotor angle of generator iii relative to a reference.
. and  are the mechanical input and electrical
output powers for generator i, respectively. The electrical
power  depends on the power flows through the
network, which are determined by the voltages,
impedances, and rotor angles of all other generators.
Results and Discussion
The simulation results of 132 KV electrical power grid
station based on the load flow, short circuit and

transient stability analysis is discussed in this section.

A. Simulation Results of Load Flow Analysis

Simulated model of the substation using ETAP software
is given in Figure 2. After that LFA was performed
without SVC to analyze the voltage conditions at the
different buses and equipment present in the system as
shown in Figure 3. This provided the insight of the
system, where it gave us the ability to develop a list of the
potential cases of under voltage and the manner in
which different components of our system would behave
as load conditions were changed. The analysis of these
results would enable us to identify those parts of the
substation that need boards/voltage strengthening in
order to increase stability and reliability in the system.
Furthermore, the LFA with SVC connected is shown in
Figure 4. The detailed results of load flow analysis of the
transformer and bus bars with and without SVC
compensation is discussed in Table 1 and Table 2.
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Figure 3: Shows the LFA results without SVC connected.

From the results, it is expected that the voltage profiles at
buses 2, 3, 6 and 7 will improve significantly as a result
of the connection of the SVC in parallel with buses.
Moreover, it implies a better power factor for both
transformers which reduces the total losses of the system
thus makes it more efficient. Real-time dynamic reactive
power adjustment plays a key role in stabilizing the
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system, making it possible for the system to maintain
voltage levels up to the optimal operating levels in
different loading conditions. Once implemented, a new
load flow will be performed to these
improvements and to evaluate the performance of the
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system.
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Figure 4: Shows the LFA results with SVC connected.

Table 1: Shows the LFA results of the transformers and bus bars, with and without SVC compensation
Equipment Without SVC With SVC

Ratings % Loadings Ratings % Loadings
Transformer 1 31.5 MVA 96.37 31.5 MVA 84.7

(132/33) kV (132/33) kV
Transformer 2 31.5 MVA 97.78 31.5 MVA 86.6
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(132/33) kV (132/33) kV

Equipment Rated Value (kV) Recorded  Voltage Rated Value (kV) Recorded ~ Voltage

(%) (%)
Busl 132 100 132 100
Bus2 11 92.29 11 97.33
Bus3 11 92.37 11 97.82
Bus4 132 100 132 100
Bus5 132 100 132 100
Bus6 11 92.29 11 97.33
Bus? 11 92.36 11 97.82
Table 2: Shows the results of load flow and losses with and without SVC

LFA without SVC LFA with SVC

1D T/F 1 T/F2 T/F 1 T/F2
KW flow 25756 26510 26264 27078
KVAr 15962 15730 4500 3280
Amp 1723 1752 1437 1463
% PF 85 86 98.5 99.2
% Loading 96.37 97.78 84.7 86.6
KW losses 0.193 0.193 0.135 0.135
KVAr losses 8.7 8.7 6.06 6.06
B. Simulation Results of Short Circuit Analysis stability of the system and the equipment differently as

The results of an extensive short circuit analysis (SCA) of
the 132kV substation modeled in ETAP, conducted to
test the robustness of the system against faults and the
effectiveness of the protection measures built into the
system to isolate them. The four different types of fault
conditions simulated, in the analysis, included Line-to-
Ground (LG), Line-to-Line (LL), Line-to-Line-to-Ground
(LL-G) and Three-Phase (3®) faults. The results of 3-®
fault, LG fault, LL fault and LL-G fault in Figure 5,
Figure 6, Figure 7 and Figure 8. Every class of fault
involves a different operational issue which affects the

well. As expected, 3-® faults, the most severe, had the
highest fault currents which posed serious threats to
important components like transformers and breakers.
On the other hand, LG faults, although not as
catastrophic, pinpointed localized vulnerabilities and
called: for close monitoring and mitigation. The results
showed that for LL and LL-G faults, intermediate fault
current levels, confirm the asymmetry of the impact
caused by unbalanced fault scenarios on the system. The
comparative analysis of SCA in all faults is shown in

Table 3.

392707375 O g
(O U O O 0

Figure 5: Shows the Three-Phase (3®) faults in Substation
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Figure 6: Shows the Line-to-Ground (LG) fault in Substation

Table 3: SCA results for all fault types

Bus Fault Types

Bus ID KV 3.0 LG LL LLG
Bus 1 132 4.543 0.621 3.97 0.333
Bus 2 11 22.489 19.35 19.476 16.903
Bus 3 11 22.638 19.422 19.605 16.93
Bus 4 132 4.545 0.621 3.93 0.333
Bus 5 132 4.466 5.467 4.73 5.467
Bus 6 11 13.923 19.35 19.476 16.903
Bus 7 11 13.927 19.422 19.605 16.93

Figure 7: Shows the Line-to-Line (LL) fault in Substation
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Figure 8: Shows the Line-to-Line-to-Ground (LL-G) fault in Substation

C. Simulation Results of Transient Stability
Analysis

This transient stability analysis of 132kV substation
system using ETAP was performed and analysis was
made about whether the system remains synchronized or
not under dynamic conditions (disturbances). The
behavior of substation before the fault occurs is shown in
Figure 9. Then study simulated faults at certain buses
and created a fault event in 3.9 seconds of system
execution. The fault continued to exist for a specific time,
followed by this, fault clearance was simulated at 4.6
seconds, as done by different protective devices. The
system response was evaluated over 15 seconds of total
simulation time, enabling a detailed evaluation of the
dynamics of recovery after the fault. The behavior of
substation during the fault and after the fault is shown in
Figure 10 and Figure 11.

Furthermore, transient stability analysis is one of the
important studies since it gives explanations about how a
power system reacts due to sudden disturbances (e.g.
short circuits, loss of generation, rapid load change, etc.)
in the power system. The metrics including rotor angle
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difference, frequency in the system, and bus voltage
results over the network from the fault duration and
recovery phase were extracted in this simulation. A large
disturbance was created due to this fault which can be
easily seen in rotor angles and voltage levels. However,
the system started its recovery procedure when the fault
wascleared at 4.6 seconds. The results showed how
different system components and time components
restore system balance, such as generators, loads, and
transmission lines.

Over the 15 seconds, transient oscillations could be
identified, and it could be seen whether the oscillations
were being damped out. Rotor angle of generators be
synchronized in stable scenarios, showing that system
would not be vulnerable of falling into cascade failure
due to the disturbance. In cases of transient instability,
the results of this study delineated demands for changes
in the system, for example, improving fault-clearing
mechanisms, upgrading protective devices, or adding
items for stabilization, for instance, power system
stabilizers (PSS). The results for transient stability
analysis are shown in Figure 12, Figure 13 and Figure 14.
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Figure 11: Shows the behavior of substation after fault occur

H H

#3051 - ltage .
Bus1 - Voltage

Figure 12: Shows the behavior of bus voltage before, during and, after fault occurrence

Bus1 - Voltage Angle
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Figure 13: Shows the behavior of bus voltage and voltage angle before, during and, after fault occurrence
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Figure 14: Shows the behavior of transformer 1 MVA before, during and, after fault occurrence

Conclusion

This study is conducted on the 132 KV substation for
the performance optimization. ETAP software is used to
perform the LFA, SCA, and TSA and rectified key
operational hurdles. The study shows how analyses of the
power system can lead to improvements in voltage
stability, transformer loading, power factor, fault
tolerance and transient stability. The LFA was used to
study voltage profile per bus, overloaded transformer,
power factor, and total losses in steady state. SCA was
performed to evaluate the fault tolerance of the system
simulating different fault scenarios to evaluate the
performance of the existing protective relays and the
circuit breakers. TSA evaluated the system’s response to
large disturbances, particularly in terms of its capacity to
remain in synchrony and reestablish stable voltage
conditions.
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