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Abstract— The main objective of this paper is to  perform transient stability analysis using the electrical power systems 

design and analysis software namely ETAP. The purpose of performing transient stability on the power system is to study the 

stability of a system under various disturbances. The stability of the power system is the ability of generators to remain in 

synchronisation even when subjected to disturbances. In this research work a standard IEEE 30-bus system, subjected to 

various disturbances is considered. The swing curves for the various generators of IEEE 30-bus system is plotted to comment 

on the stability of the system. The factors affecting the stability are analysed and methods f o r    obtaining   a b e t t e r  

s t a b i l i t y  o f  t h e  system under the fault conditions are also studied. 

Index Terms Transient Stability, Rotor angle, Power Angle, ETAP  

——————————      —————————— 

1 INTRODUCTION                                                                     

     Transient stability deals with study of the system after 

a large disturbance. Due to a large disturbance the synchro-

nous alternator the machine power angle changes because of 

sudden acceleration of the rotor shaft. The ultimate aim of 

transient stability is to determine if the load angle returns to 

a steady value after clearance of disturbance. The recovery 

of a power   system subjected to a severe large 

disturbance is of interest to system  planners  and opera-

tors.  System should be designed properly of good quality 

to supply continuous power to loads and operated such that 

specified number of credible contingencies does not lead to 

failure of the system. 
 

     Stability is the capability of a system to be able to de-
velop restoring forces equal to or greater than the disturbing  
forces  to  maintain  equilibrium.  If  the system is able to  
overcome  the disturbing forces and be able to hold the  
forces tending to hold the machines  in  synchronism  with   
one  another  the system is said to be in equilibrium or  
stable. The two   major   stability  problems   are   steady   
state stability  and  transient  stability.  The  ability  of  a 
power  system  to  regain  its  synchronism  after  a disturb-
ance such as gradual power changes is called steady  state 
stability. An extension of steady state stability is the dy-
namic stability. Dynamic stability deals with small disturb-
ances for a long time. 

 

     Transient stability studies deals with the effect 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 ensure that a system can withstand 

the transient condition following a disturbance, transient 

stability analysis should be performed. This analysis can be 

used to determine  other  things   such   as  nature  of  the 

relaying  system,  critical  clearing  time  of  circuit breakers,   

voltage   level   and   transfer   capability between   systems.   

It   also   involves   determining whether synchronism is

 maintained after the machine 

has been adjusted to severe disturbance. 

 
Following the dynamic events the operating limits of 
equipments shall remain within the normal operating lim-
its or return fast to normal limits. 
 
Classification of Power system stability 

 

 
 

The dynamic events can be large disturbances after which  

the  system  must  be  able  to  continue  and service loads 

without loss of load and quality. The response of the sys-

tem to large disturbances and its ability to return to normal   

operating conditions is generally termed transient stability 

or  large signal performance of the system.  
     Voltage profile is sensitive to the operation point and 
system structure when the system has multiple voltage 
levels.  Majority of loads are large motors. Even if  the sys-
tem is connected to  bulk system it may operate isolated at 
extremely fault contingency. Now the system faces the re-
quirement of frequency stability and control.  
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The machine  rotor  angles  are  subjected  to  large excur-
sions  due  to  occurrence  of  disturbance  and there is loss 
of synchronism among machines. Loss of  synchronism  can  
be  seen  in  few  seconds  of occurrence of
 disturbance. Transient stability 
phenomenon is one of the fastest to develop.  
 
Swing equation is the electromechanical equation describ-
ing relative motion of the rotor load angle (δ) with respect 
to the stator field as a function of time is known as Swing 
equation.  
 
In  most disturbances,lineariza-
tion  is  not per-
missible and the nonlinear swing equation must be
 solved  because oscilla-
tions are of such magnitude  .  
Equal-area  criterion  is  used  for  a quick  prediction  of  
stability.  The  stability  is determined  based on the graph-
ical interpretation of the  energy stored in the rotating 
mass as an aid . This is only  applicable to a one-
machine system connected to infinite bus system. 
 

 

Software used 

 
The  simulation  software  used  here  is  E-Tap  or Electrical 
Transient Stability Analysis Program by Operation Technol-
ogy. There are different analyses that can be  performed on a 
bus system using this software.   Load flow analysis,
  short Circuit Analysis, Arc Flash  analy-
sis, Harmonic Analysis, Transient   stability   analysis   etc.   
The   one   line diagram for IEEE-30 bus system is  drawn 
in the editor of E-Tap Power Station version 4. E-Tap  is very  
user  friendly  graphical  electrical   analysis software
 that can be  run in Windows,   XP, Mi-
crosoft and Vista Operating systems. The results of the anal-
ysis on prototype models is used for real time simulation, 
optimization, advanced monitoring and intelligent load 
shedding at high speeds. E-Tap allows the  user to reduce 
very large and complex power systems into  simple one 
line diagram and performs  operations  on  it  like  load  
the  system, subject  the  system  to  contingency  and  study  
the characteristics of faults. These virtual faults in  the simu-
lation model can be compared to the real time system  
faults. The e tap program is designed  on three key   con-
cepts. They   are Virtual reality operation, Total 
integration of data and simplicity in data entry. 
 

IEEE 30 bus system 

 

The test system that has been considered here is the IEEE-30  

bus system. Using the data referred from Alsac  O.  &  Stott  

B,  "Optimal  Load  Flow  with Steady State Security", and 

the IEEE 30 bus system is designed in E-Tap software. The 

bus system is a prototype, and real time systems are  de-

signed and developed with reference to such prototype 

models. Theprototypes are subjected to contingency 

analysis  and  results  are  obtained.  The  load  flow analysis  

and  transient  stability  for  the  standard IEEE-30 bus sys-

tem are performed. The standard IEEE  30   bus  system  

consists  of  30  buses,  6 generators, 24 loads and 4 trans-

formers. Generator 

1 is in swing Mode. The other Generators are in 

 

Voltage Control Mode.Generators are rated 135kV,Speed 1800 

rpm and 4 pole .The 30 buses in the  standard IEEE-30 bus 

System are 135kV and 140 kV.All loads in service in the test 

Sytem are 3- phase   and  135kV.The  lines  have  impedance  

in Ohms per  Kilometer.The transformers are 3-phase and 

rated for 135 kV-140kV. 

 

The IEEE 30 bus system used for the load flow and transient  

state analysis is shown as follows along with the ratings of 

its components. 
 
Load Flow Analysis 

Load  flow  analysis,  also  called  as  power  flow 

analysis   is   an   important   tool   using  numerical analysis  

of  a power system. The basic knowledge required to per-

form load flow analysis of a system is  to  understand  the  

one  line  diagram  and  the representation  of  the   compo-

nents  of  the  power system in it’s per unit values. The one 

line diagram gives  the  simplified  notation  of  any  three  

phase power system. It represents

 the transformers, generators,   transmission   

lines,   isolators,   switch gears etc in simplified notation and 

the three phase lines are just represented by a single line. 

The one line diagram does not give the representation of the 

exact length of the lines and is used for the purpose of  pow-

er  flow   studies.  It  organises  the  power system in a spe-

cific order like from top to bottom or left to right, to make 

the system easy for analysis. The per unit system represents 

all the  components of a system with the reference to a base 

value.  This makes  the  calculations  of  the  analysis  pro-

cess simple and easy. 

In a closed power system, the power generated at the   

generating   stations   flows   through   all   the components of

 the  power systems, like the 

transformers,  lines, buses and the circuit breakers. The 

study of the flow of active and reactive power through  the  

components  of  the  power  system  is called as load flow 

study or power  flow study. It helps in determining the 

steady state  operation  of the power system. The system 

characteristics  like the power factor, amount of power con-

sumed by the loads,  power  through  the  transmission  

lines  etc gives  the  details  about  the  design  of  the  power 
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system   with   the   appropriate   transformers   and trans-

mission  lines. Any   power system before in-

stalling, undergoes the load flow analysis with the help of its 

equivalent one line diagram  along with the per unit values 

of the components, so that they can be designed with the 

selection of the correct range  of components. In this way, 

it helps in the planning  the  stages  of  new  networks  along  

with other networks. The  effective analysis of the load flow 

of a system helps to minimize the losses of the power system 

too. The line flows  help in curbing the  operation  of  that  

line,  when  it  nears  the maximum  capacity  of  the  line,  

that  is,  when  it affects the stability or the thermal limits. 

This keeps the line safe from problems of overloading. 

A  bus  is  a  node  to  which  transmission  lines, generators, 

loads and transformers are connected. A bus  in  a  power  

system  is  associated  with  four quantities namely, voltage 

magnitude, phase angle, active  and  reactive  power  of  the  

bus.  Buses  are classified based on the voltage magnitude and 

phase angle   as   load   bus,   generator   bus   or   voltage con-

trolled bus and slack or swing bus. 

Load bus 

The bus is not connected to any generators. The real and  reac-

tive  powers  are  specified  and  the  phase angle and magni-

tude of voltage are specified from the solution of the load 

equations. 

Generator bus 

The voltage magnitude and the real power of the system  

are specified and it is desired to find the reactive power 

and phase angle of the bus voltage. Swing bus 

The  magnitude  of  the  voltage  of  this  bus  is considered  

to  be  a  constant  value  and  does  not change  through  the  

evaluation  process.  The  load flow solutions are used to find 

the real and reactive power of the bus, while the voltage 

magnitude and phase angle of voltage are known. 

There are three methods to perform load flow analysis. 

They are specified as follows. 

1.   Guass Siedal method 

2.   Newton Raphson method 

3.   Fast decoupled method 

 

The load flow analysis is studied by Newton 

Raphson method in this paper. 
 
 

Newton Raphson Method 

 

Load flow analysis has to be carried out first for any  sys-

tem to determine the power consumed by each of the 

loads, pre-fault and post fault currents. So, load flow analy-

sis is done by Newton Raphson algorithm in this pretext. 
 
The number of iterations set for the system in the Newton 

Raphson algorithm is 10, but the system is found  to   con-

verge   in  3  iterations.  The  system frequency  is   assumed  

to  be  60  Hz.  Bus  1  is considered to be the swing bus. 

The bus input data, line/cable data, reactor data,

 and branch connections are input to the 

system with reference to the Alsac O. & Stott B, "Optimal 

Load Flow with Steady  State  Security".  The  load  flow  

report  is generated which gives the details of the load 

flows in each of lines connecting the buses, their power 

factor,  operating  voltage  of  the  generator  buses, loading  

of  the   transformers  and  losses  in  the transmission lines. 

 

 

 
The transient  stability  analysis  of  the  system  is per-
formed in the IEEE 30 bus system. Any of the system com-
ponents can be chosen for the 
occurrence  of  fault.  For  instance,  the  fault  is consid-
ered  to be occurring in line 21. The device type selected for 
transient stability study case is line 

21 and the plot type is chosen to be Power angle of Genera-

tors. The plot showing the transient stability of the system, 

when a disturbance occurs in the line is obtained. This graph 

is as follows. 

 
To add  an  event  to  study  the  transient  stability Transient  
Stability Study Case is opened and the options  are cho-
sen.  In  the Events  tab  events  are added. 
 
The plot  type  can  also  be  chosen  as  frequency, which 

indicates the changes in the frequency of the system  from  

the  occurrence  of  the  fault  till  its clearance. 

 

The fault is occurred in the bus 1 at time 0.010 seconds  

and is cleared at time 0.060 seconds with 

9999 iterations set for transient state analysis. The dynamic 

stability of the system with fault at line 21 
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Load Details 

BUS 

NO 

LOAD BUS 

NO 

LOAD 

1 0.0 0.0 16 3.5 1.8 

2 21.7 12.7 17 9.5 5.8 

3 2.4 1.2 18 3.2 0.9 

4 7.6 1.6 19 9.5 3.4 

5 94.0 19.0 20 2.2 0.7 

6 0.0 0.0 21 27.5 11.2 

7 22.8 10.9 22 0.0 0.0 

8 30.0 30.0 23 3.2 1.6 

9 0.0 0.0 24 8.7 6.7 

10 5.8 0.0 25 0.0 0.0 

11 0.0 0.0 26 3.5 2.3 

12 11.2 7.5 27 0.0 0.0 

13 0.0 0.0 28 0.0 0.0 

14 6.2 1.6 29 2.4 0.9 

15 8.2 2.5 30 10.6 1.9 

 
Generator Details 

 

Bus 

no 

Pg 

min 

Pg 

max 

Qg 

min 

Sg 

max 

a b C 

        

1 50 200 -20 250 0 2.0 .00375 

2 20 80 -20 100 0 1.75 .0175 

5 15 50 -15 80 0 1 .0625 

8 10 35 -15 60 0 3.25 .00834 

11 10 30 -10 50 0 3.0 .025 

13 12 40 -15 60 0 3.0 .025 

 

 

 

 
 
Geneator Power angles 

Generators Power Angles 

Generator 1 0 deg 

Generator 2 -147.8 deg 

Generator 3 -149.4 deg 

Generator 4 -149.4 deg 

Generator 5 -149.2 deg 

Generator 6 -149.4 deg 

 

 

 

Simulation Of an IEEE-30 bus System in E-Tap Software 

 
 
 
 
 
 
 

 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



INTERNATIONAL JOURNAL FOR SCIENTIFIC AND ENGINEERING RESEARCH VOLUME 3,ISSUE 12,DECEMBER 2012 

 

 

 

  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Branch details 
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Generator Rotor angles for fault at line 9 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Generator Rotor angles for fault at line 21 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

 

 

4 CONCLUSION 

The transient stability studies are used to determine speed  

deviations, system electrical frequency, real and  reactive  

power  flows  of  the  machines,  the machine power angles 

as well as the voltage levels of  the  buses  and 

 power  flows   of  lines  and transformers in  

the  system.  System  stability  is assessed  with  these  sys-

tem  conditions.  Dynamic performance of a power system 

is critical in the design and operation of the system. The 

results can be printed or plotted and are displayed on the 

one- line  diagram.  The  total  simulation  time  for  each 

study  case   should  be  long  enough  to  obtain  a definite  

stability   conclusion.  The  power  system stability which 

  is an electromechanical phenomenon   is

 defined   as   the   ability   of   a synchronous  

machines  in  a  system  to  remain  in synchronism with one 

after a disturbance such as fault or fault removal in the system. 
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