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ABS TRAC T 

A power system simulator is a simulation package 

for electrical generation, transmission and distri - 

bution systems. The software provides an environment 
for the development and testing of err-line analysis 
and control algorithms, and also has potential for 
application in operator training. Dynamic and alge - 
braic models of power system elements are described. 
Numerical techniques are used which helps in obtai - 
ning solutions with acceptable accuracy for medium 
sized networks using micro computer hardware. 

The 	stability or the system under emergency 
conditions are observed and recorded. A power system 
example taken comprising of 93 buses has been consi - 
dered for this purpose. The software has been written 
in the FORTRAN language. 
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CHAP Tr,R - 1 

IN TRODUC TI ON 

The study of power system dynamics forms one of the 

oldest and most important applications of simulation. 
power systems cannot be designed or operated without the 
help of some kind of simulation and the simulation problem 
itself is challenging. The power system components are too 
expensive to allow any experimentation on the 'system which 
could conceivably cause damage. Any experiment which 
causes a generator or a transmission line to be taken out 

of service even tempprr ily can be very expensive. Since 
it is not feasible to experiment on the system, the most 

practical alternative is to simulate, even though the system 
is nonlinear and involves differential equation of higher 
order. 

Initially hand calculations were performed to obtain 
the. numerical solutions of the power system dynamic equa - 
tions, later an elaborate form of Analog computer called a 
network analyzer was developed. But all these proved to be 
tedious and difficult to maintain and handle. Then with the 
advent of digital computer, simulation of power systems were 
conducted on it. This proved to be very helpful and was 
highly successful. 

A real time power system simulation can be used to 
provide a test bed for energy management software, and to 

provide a realistic operator training environment. If 

sufficient computational resources are available a simulation 
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may also be initiated as part of an online security 

assessment. facility. Interest in on line simulation has 
increased in recent years and has attempted to consider 

the complete power system rather than individual elements. 

Two fundamental approaches to the problem have been 

adopted. 

(a) Using a low flow technique to solve the network 
equations and to evaluate the nodal voltages which in 

turn are used in solving the -network dynamic equations. 

(b) Solving the network dynamic equations simultaneously 
and in conjunction with the network algebraic 

equations. 

The former method can be faster, but it is less 

accurate especially for the allocation of power demands to 

generators. It also introduces problems if network Islanding 

is to be considered because the load flow algorithm is not 

independent of the network reference node. The latter method 
is numerically more stable, robust and inherently capable of 
handling islanding and fault analysis. The simulation technique 
incorporated in the thesis is based on the second approach 

for a number of reasons. 

(i) the simulator is numerically more stable and accurate, 

(ii) there is a tight time coupling between the network 

algebraic and dynamic equations. 
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The thesis presents the detailed mathematical 

modelling of the system_ components together with a 

suitable numerical technique for the solution of the 

equations. 

1.1 	OVERVIEW OF POWER SYSTg2' 1 DYNA1•I CS 

A power system never operates at a point of , 

true steady state and thus is always characterized 

by dynamic behaviour. Whenever a disturbing event 

occurs on a power system, there is nearly instantaneous 

change in the state of the electric and magnetic fields 

of the 'system fo13 owed in seconds and minutes by the 

longer term electromechanical response of the rotating 

elements of the generator source and loads. But here 

short term responses are the subject of interests. 

1.2  CLASSES OF POWER SYSTEM SIPr U1ATI ON 

There are three primary types of power system 

simulations% long term simulation, medium - term and 

short term simulations. These types of simulations are 

distinguished by the time frames of interest. For example, 

the models used for short term simulation are assembled 

using the following assumptions. 

(i) Any variable which does not noticeably respond to 

simulation within 100 seconds is considered to be 

cc nstant. 
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(ii) The duration of the simulation is limited to 

about 100 secs or less. Short term simulators are 

used to study high speed transients, and long 
term simulators are used to study slower phenomena. 

The cost of operation of a simulation program imposes 

some practical limits on the complexity of the 

system which can be simulated. Fig. [1] exhibits 

the limitations of complexity and duration of the 

simulation which are imposed on these three types of 

simulations by limiting the computer cost to about 
500 per run. The complexity is measured in terms 

of the number of buses (nodes) in the network. 

There are of course, many other factors which 

influence complexity such as the number of generators, the 

level of detail. used in modelling of subsystem etc. 

Long term power system simulations are used to 

study the slowest 'phenomena of power systems. The devices 

which contribute significantly to the dynamic response of 

the system during this long time frame are the automatic 

control of the generation system, the boilers and the boiler 

controls. During the long-term simulations the oscillations 
of the rotor are not included in detail. Consequently the 

step by step integration of the differential equations of 

the rotors is not used to determine the level of electric 

power delivered at any time instant. The power level for 
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each generator is established by the governor set 

point and the state of the boiler. This allows the 

time step between network solutions to be as long as one 

sec o nd. 

Short term power system simulations are the 

most highly developed and the most frequently used class of 

of power system simulations. The boiler or other prime 

energy source for the generators is assumed to have 

enough stored energy available so that long time cons-

tants (such•as thermal time constants of steam boilers) 

do not have time to play a role in the dynamics. The 

dominant dynamic phenomena being simulated involve the 

mechanical dynamics of the combined generator and turbine 
rotor and the dynamics of the field or excitation control 

system of the generator. The rotor dynamics include the 

effect of the governor and the dynamics of the turbine. 

The, excitation controls are designed for high speed 

regulation of voltage magnitude, but they frequently have 

auxilliary inputs (such as rotor velocity) which are used 

to produce variations that will damper rotor oscillations. 

1.3  SCOPZ OF WORK 

In this thesis out of the three classes of Power 

System Simulation, short term power system simulation has 

been developed. The designed power system simulator consists 



of the models of the por'er system components like 

generating units, loads, lines, transformers and 

protective relays. The generating unit consists of 

the generator, exciter and turbine governor system.' 

Three types of generator models has been considered. 

Analog computer representation has been used to write 

suitable programs of the generator models, exciter 

models and governor turbine models. All these models 

along with their block diagrams has been described in 

the later chapters. Five classes of exciter models and 

three types of turbine governor system has been consi - 

dered. All these model types can be brought into use in 

the program whenever required. An effective numerical 

technique for the solution of the various algebraic and 

differential equations has been used. 

A distance, loss of excitation, under voltage 

protective relay schemes has been incorporated. A 

detailed relay representation has been given in the next 

chapter. The effect of the various faults, loss of exci-

tation and loss of generation on the system is studied 

by the help of this simulator. 
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1.4 	11 TERATURE RiVI SW 

In IbES committee report [1], the nomenclature 

and control system representation of the various exci -

tation systems now available have been described. It 

has defined input data requirements for computer pro-

grams and provides a consistent format in which manu-

facturers can respond to reeuests.  for excitation system 

data to be used for system studies. 

In IEEE committee report [2] the basic models 

for speed governing systems and turbines in power 

system stability studies have been described. Here the 

steam turbine and the hydro turbine models have been 

described in great detail keeping in view of their impor-

tance in power system simulation for stability studies. 

D. D. Gelo.pul os and G .I ddings' s paper [ 3] on the 

major simulation errors of on line simulations emphasizes 

the importance of interface errors in power system simu-

lations. These tend to dominate the other solution errors. 

They do not recommend the deletion.  of many sub-systems 

for online sin ation. They triedto find out the areas 

where the computational task may be reduced without 

sacrificing accuracy of power system simulation. In one 

of their other paper [4] they describedthe several types of 

simulations used in power system. The mathematical recuire-

ments for carrying out simplified short term power system 



simulation are described in detail. The paper also suggests 

several techniques for improving the efficiency of digital 

programs for this kind of simulation. Some of the techniques 

for the improvement of computational efficiency of simulation 

programs described in this paper are network reduction and 

parallel processing. 

M.Rafian s treatise [53 on real time power system 

simulation describes the theoretical basis and application 

of a simulation package for electric generation, transmission 

and distribution systems. The result obtained by him shows 

that the simulator can be used to provide a test bed for 

energy management software. The simulator is also useful for 

operator training. 

G.Z.Ben Yaacov in his paper [6] describes the data 

base approach to power system analysis studies. The practical 

use of a central data base management system, together with a 

library of application programs and an interactive computing 

environment contributed significantly to the power system 

planning process in which individual engineers can work . 

effeciently and interact among themselves using common data 
and analysis tools. 

R.D.Dunlop and D.N. wart in their paper [7) describes 
the uses of a digital computer program developed to simulate 

the long term dynamicsof bulk power systems. The paper 

describes the simulation of an evolving disturbance of a 

0 



hypothetical power system using both a conventional short - 

term simulation and new long term simulation program. 

A Keyhani°  $ paper [8] describes a power system 

simulator based on modular structure. The simulator modules 

are defined as mathematical operators which permit it to 

perform computation much like a calculator does. Applica-

tions of the simulator in identification of low frequency 

rotor oscillations and solution of fast decoupled load flow 

problems are presented. 

R,Podmore and J.P.Britton s paper [9] describes a 

dispatcher training simulator which provides a realistic 

environment for system dispatchers to practice operating 

tasks and experience emergency operating conditions. Normal 

operating activities such as load following,. voltage control 
and transmission dispatch can be practised easily. Apart from 

all this the simulator allows the operator to practice and 

observe procedures for abnormal conditions. 

D. L.Elder in his paper [10] describes a method capable 

of simulating, interactively and in real time the dynamic 

behaviour of power system under emergency conditions. The 

modelling approach adopted is characterized by an interfacing 

scheme in which each unit is connected to the transmission 

network via an explicit generator model, with its own rotor 

angle and speed. Execution time has been minimised by simpli-

fying the model in ways which are expected to be acceptable 

in the content of interactive training. 
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D.Celopulos and G.Iddingh  s paper [I 	discusses 

a novel point of view from which a qualitative comparative 

analysis of integration algorithms may be performed. In 

addition to comparing the effectiveness of integration 

algorithms, the manner in which the structure of the simLr-
lafed system is deformed by the various integration procedures 

is also discussed. This has two advantages, one advantage is 

that improved integration procedures may be synthesized 

and tailored for specific systems by the evaluation of counter-

feit systems. A second advantage is that errors due to the 

integration algorithm are exhibited in the form of modified 

parameters which facilitates a comparison of the algorithm 

errors with the uncertainity concerning model parameter values. 



CHAPTER - 2 

MATHrMATICAL MODILLING 
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For modelling purpose a control system block 

diagram is considered. This block diagram representation 

is converted into analog computer representation for 
developing mathematical model to be used in the simula- 

tion. 

There are several advantages of this model over 
the mathematical approach such as the state space one. 

They are as follows - 

(i) The analog computer formulation requires a minimal 
amount of manipulation on the original model. 

(ii) Solution is obtained as a function of variables 
with a physical meaning. 

(iii) The model variables are easily available for 
operations such as saturations, and data output. 

(iv) Changes are isolated in an analog computer model hence 

this can be very easily incorporated in the program. 

(v) Complex operations such as non linear function 
generation, time delays and variable differentiation 

can be easily included. 

(vi) The program development becomes very easy due to 

the simplicity of the approach. 

On the analog model of machine and controller units, 

the integrator outputs correspond to the state variables and 

the inputs are the time derivatives of the state variables. 
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The time derivative of the state variables are calculated 
from the known values of the state variables. The proce - 
dure for modelling is described below - 

(i) An analog model is drawn. 

(ii) The variables at integrator outputs are named. The 
variables should be named systematically so that the 
relationship between the variables are obvious. 

(iii) Expression for the initial values of the integrator 
outputs are obtained by taming the integrator inputs 
zero. during the steady state. 

(iv) The subroutine for the machine and co ntrgll er models 
consists of two sections. One calculates the initial 
conditions of the state variables and controller set 
points prior to the simulation and the other calcula-
tes the time derivatives of the state variables at 
each integration step. The statements for calculating 
the time derivatives of the state variables are 
generated to execute the following steps. 

I. Definition of variables at integrator 
outputs. 

II. Calculation of variables at intermediate 
points in analog diagram. 

III. Calculation of net integrator inputs. 
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2.1  EG tsM 1 TS OF SY S T1 M DYNAMIC B VI OUR 

The power system which relate to system dynamic 

performance are illustrated in the functional block dia-

gram of Fig. ( A ). The generation control area may 
be either a single system or a pool consisting of several 

power systems operating under mutually beneficial contrac-
tual arrangements. The control area consists of geographi-
cal area with boundaries usually along corporate lines 

within which generation is continuously controlled to 
meet loads plus or minus any scheduled net interchange 
across the boundaries. The major elements of the power 
system are the generation sources, the loads, and the 
transmission network which interconnects them. 

The generation sources consists of few large syn - 
chronous generators, are driven by hydro, gasp or steam 
prime movers and are closely coupled electrically through 
the transmission network. 

The total system load is made up of elements of 

varying size and widely dispersed throughout the network. 
The individual loads are not under the direct cbntrol of 
the service utility, but follow seasonal, weekly and daily 
cycles as influenced by weather and other factors. The 
manner in which loads respond to changes in system voltage 
and frequency is important in gaining an understanding of 

0 
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power system dynamic behaviour. The influence of the 

loads on system dynamic performance is very dependent 
on the nature and location of the disturbance. In many 
cases the behaviour of the apparant composite load as 
supplied by the high voltage network is the most im - 
portant consideration in viewing power system dynamics. 

In providing the connection between the generating 
sources and the loads the transmission system determines 
the character of system dynamic performance. Since all 
generating sources are electrically couiaed together 
through the common transmission network, dynamic interaction 
between individual generators and between the generators 
and the loads is very dependent on the nature of the trans-

mission network and its control. 

Since most power system loads are composed of equip-
ment which is designed to utilize the energy at a given 
voltage and frequency, the power system is designed to 
supply the energy subject to constraints on the variation 
of voltage and frequency. Feedback control is important in 
meeting this objective. The effectiveness 	of the various 
control system in bringing about the desired performance is 
subject to such factors as limits on the maximum change or 
rate of change which the controlled units can tolerate and 
the inherent dynamic characteristics of the controlled 
units. 
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The feedback control function can be divided into 

primary and secondary control. Primary controls are feed-

back control loops which initiate action at the local 
generating unit based on local measurements. The most 

important of these in system dynanic consideration are the 
voltage control, the speed control and the boiler control. 

System voltage control at the generator sources, at 
the loads is achieved through power factor correction, and 

at the intermediate points in the supply system by means 
such as fixed and switched capacitors, synchronous conden - 
sers, shunt reactors and transformers with variable voltage 
ratio (tap changing) under load. The coupling of synchronous 
machines through the transmission network creates many 
lightly damped resonant modes whose frequency ranges from 
about 0.2 Hz to 3 Hz. The ability of a generator to ride 
through network disturbance, such as short circuits and 
line switching is dependent .  to a degree on voltage regulator 
and exciter response characteristics. 

The speed control system adjusts flow into the 

turbine in response to changes is sh,►ft speed. Since opera-
tion on a large interconnected network maintains all gene - 

rating units at the same average electrical speed, the 

individual speed control systems do not actually control 
speed, but rather the power with which turbine generator 
contributes to the network. This control is of importance 
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for large system disturbances but is too slow to have a 

significant effect for short lasting network disturbances 

such as short circuits, Considerable interest exists how-

ever for speed controls to initiate fast closures and 

reopening of intercept values on large steam turbines 
following short circuits near the unit to aid in main - 

taming synchronism. 

In response to changes in demand for steam energy, 

boiler controls and auxiliaries maintain the flow of 

fuel, air and water into the boiler. These elements should 
not be limiting factors in overall plant response during 
normal or emergency conditions. 

Secondary control on the other hand act to initiate 
control at a local level based on remote measurements. The 
automatic generation control and economic dispatch function 
is important for successful operation of interconnected 
systems. Automatic generation control acts to regulate 

the power output of the electric generators within the 

control areas in response to changes in system frequency etc. 

2.2 ABNORMAL OP rATI ONS 

There are two classes of disturbances identified for 

convenience. One will result in loss of transmission system 

elements and/or significant loads or load areas and those 
very unlikely events which leadsto islanding of a portion 

of the system where significant load generation unbalances 
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may exist within the island. The first will be referred 

to here as network disturbances and the latter as load/ 

generation unbalance or islanding. 

Network disturbances - Network disturbances are commonly 

caused by short circuits on the transmission system. The 

magnitude and duration of the resultant dynamic response 

of the system is dependent on the type and location of the 
fault, on the time required for normal protective apparatus 
to respond and isolate the faulty element, and on the manner 

in which the system and its controls respond to the initial 

disturbance and its subsequent removal. 

Short circuits or faults which occur on the trans - 
mission system close to the generator bus have the most 
severe effect on the performance of the generator. Three 

phase faults, although much less likely to occur, have a 

far greater impact than the more common occurrence of a 
single line to ground fault. The fault is generally removed 

within 0.1 secs. However, during this time system voltage 

on the faulted phases is very low in the general vicinity 

of the fault, and voltage measured at the terminals of 

nearby generators is also affected significantly. After the 

fault is cleared, system voltage returns to near normal 

levels. If automatic reclosing is employed, then reclosing 
into a permanent fault further perturbs the system. 
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The electromechanical response of generators in 
the vicinity of the fault is characterized by a rotor angle 

transient. The angle is oscillatory about the normal unit 

speed corresponding to the normal system frequency (50Hz). 

Usually this deviation does not exceed a value of + 2 y. 

unless the disturbance is severe. In this case the affected 

generators could become unstable (lose synchronism with the 
rest of the generators) . 

The impact of network disturbances may be summarized 
as follows - 

1. The duration of the resulting transients are of the 

order of 10 secs or less and are characterized by 
oscillations in the rotor angle and speed about the 
normal operating point. 

2. The mechanical torque developed by the prime mover 

does not change appreciably because the speed deiia - 

tionsare oscillatory in nature and occur too rapidly 

for the speed control system to follow. 

3. The abrupt transient torques may be magnified by the 
torsional response of the turbine - generator shaft 

and must be taken into account in the design of rotor 
shaft and turbines. 

4. The voltage regulator be applied in a way so as 

not to cause negative damping of the rotor oscillations. 
In fact, it is possible to utilize dynamic variables 

in addition to voltage error to cause positive damping 

of the rotor angle oscillations and thereby improve 
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stability of the generating unit and system. 

5. 	The rather large temporary voltage dip which occurs 
during such disturbances must be taken into account 
in the design of the auxiliary supply so that criti-
cal mQtors and support systems are not tripped 
during the transient and thus lead to unit shutdown. 

Since network disturbances cause only a temporary 
unbalance between total prime mover input and total electrical 

load on all generators in the system, the system automatic 
generation control is not affected. If however, the distur-
bance leads to the loss of a generator or of a large load 
or a load area the automatic generation control and the gene-
tors on control are affected. Here, only network disturbances 
has been incorporated in the system condition so the second 
kind of abnormality i.e. major load/generation unbalance 

(islanding)is not discussed. 

2.3  SYNCHRONOUS G 1E ATOR MODELS 

Three types of synchronous generator models has been 
considered here. These models have been described in great 
detail in this section. They are as follows 

(i) 	The two-axis model -neglecting  /\ and 	for a 
cylindrical  rotor machine 

In the two axis model the transient effects are 
accounted for, while the substransient effects are 
neglected. The transient effects are dominated by the 
rotor circuits, which are the field circuit in the 
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1- axis and an equivalent circuit in the 
formed 	 q- axis 

by the solid rotor. An additional assump.. 

tion made in this model is that in the stator vol  

tie equations the terms 	 1 
d and  q are negligible 

compared to the speed voltage terms and that 
1 pu• 

The machine will thus have two stator circuits 

and two rotor circuits. However, the number of 

differential equations described these circuit$ 
reduced by two Since 	 re 

d and A q are neglected in 
the stator voltage equations (the stator voltage 
equations are now algebraic egns) 

The stator transient flux linkages are defi
ned 

d i Ad La d and 	,~ 	_ b 
4 • q Igiq 	(2. ) 

and the corresponds stator voltage
s are define d by  

ed 4- 	=- c~ 	and 	a 
Q 	R 4 	 eq WAd~_wp~ ✓~~ ~z2 _  d  ~ 

l t can be derived that 
vd s- rid _ wRiq iq+ ed 	

C2 3) 
and v s -ri  

I 	q ♦ wZdid +eq 
or e = vd + rid + xdiq + (XQ Xa)i  

4 
eq =v

Q 
+ri 

q
.. X' i 
 q d 

(2 . 6) Since the term (X' _ X ' 
Q d) iq is usually sma11, we can write approximately 

ed 'A vd + rid + xd iq (2 7) 
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The voltage e and ed are the q and d components of 
a voltage el behind transient reactance. The above two 
equation indicate that during the transient the machine 
can be represented by the circuit diag shown in the 
Figure E 	It is interesting to note that since 
ed and eq are d and q axis stator voltages. They 

represent J3 times the equiva3 ent stator rms voltages. 
It can be verified that eq = f7-Eq. The voltage e' is 
not a constant it will change with change in flux 

lt.nkage in the d and q-axis rotor circuits. The 
differential equation for the voltages ed. and e are 
written below, The d-axis flux linkage equations for 
this model are 

Id td + LAD iF pu 

and /\ F = LAD id +I.F iF Pu (,2 . q) 

From the above equation, if iF is eliminated than 
the following equation can be derived 

'd JTSq ' La id pu 

Similarly, for the q- axis 
A q ° Lq iq +  LAQ iQ p u 

)Q = LAQ iq + LQiQ pu 
eliminating iQ we compute 

~q (LAQ / LQ) A q=(Lq'LAQ /LQ) iq Pu 

by defining 



I q ------►~ x q X JG 
1 	 d 

I + Tgos 

ri 

Id 1.1 d-Xd 
	 Eq 

E FD 

BLOCK DIAGRAM REPRESENTATION OF THE TWO AXIS MODEL 
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Lq Lq - LAQ / ¼ PU 

We also define 
pu 	L~ 

q q 

43 Ed=ed=1AQiQ Pu 

We can show that 

'd.  =Eq+xald 	
L2 1) 

and Ed+ x g 'q a Ed + x~I q 

From the Q circuit voltage eqn. rQ iQ + d ,A Q /dt - 0 

and by using ('z. 	) with (2.15) we get 

Tqo Ed Q -Ed - (xq - xq) I q 	(.2.. I q) 

where for uniformity, we adopt the notation 

Tqo = #Tqo lQ /rQ 	 (2. 2o) 

Similarly, from the field voltage equation 

we get 

k.2 +_ 
 
do 

To complete the description of the system, the 

electrical torque is obtained from Te = Ad 	_, q  id 
which is used in two more earlier eqa. to gel 

Te =SdId+AgIq(LqLd)zdIq 	(222) 

The remaining system equations are given by 
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a Tm - Dt [Shcd + Sq Iq- (1.q Ld)Idlq) 

C2 23) 

By combining the Figs. (5 &1 ( ) the complete block 

diagram for the model is obtained. Again saturation 

can be accounted by taking 

S a Sq - (xd xd) 'd + F© 	 (2) 

where So is a voltage increment that corresponds to 
increase in field current due to saturation. This 

change can be incorporated in the block diagram. 

(it) The one axis model - negledting amortisse~ir effects 

This model is similar to the model described for/he 

two axis model. But there is one exception and that is 

the absence of Q circuit. This eliminates the diffe -
rential equation for ~3d and e ( which is a function 
of current iQ). The voltage behind transient reactance 
e' has only the component eq changing by field effects 
according to equations,(2.z1) and (2.2.L), The com -

ponent e is completely determined from the currents 
and vd . Thus the system equations are 

.► 

Ido 5q °5FD S Pu 
r 	~ 

and 	B - Sq - (xd - xd) Id RU... 	(2.2 5) 

The voltage ~d is obtained with d = 0 and we get 

Ed = Vd + xq Iq + rld pu 	L 2. 1-~~ 
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The torque is derived from T., = J1 d iq Aq id. (.Z 2?) 

In the absence of the Q - circuit ,\ q = Lq iq. 

• T = gq Iq - (Lq -Ld) 1d Iq , pu 

Thus the remaining system equations are 

c~ a 	 - Dm - [E I - ( - L) 1d ] pu. C 2.2 ~ T 

	

m 	q q L d d q 

and 	g w-1 pu 	 c2 3 c) 

The block diagram representation is shown in the 
Fig. Cl 1. 

(iii) Infinite bus model 

From the equation 1do Sq 51D - S we note that 

the voltage E9 which corresponds to the d-axis field flux 
9 

linkage changes at a rate that depends upon cdo. This 

time constant is of the order of several second$. The 

voltage EFD depends on the excitation system charac - 

teristics. If the F,D does not change very fast and if 

the disturbance causing the transient is short, in 
some cases the assumption that the voltage ($Q or e) 

remains constant during the transient can be justified. 

Under this assumption the voltage behind transient 

	

p 	 I 	I reactance E or e has a q-axis component Eq or eq which 

is always constant. The system equation to be solved 

is given below - 

Te = Eq Iq - (Iq - Id) 'd Iq  
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Regulex regulator 
Amplidyne regulator 
Al temex 
Altemex - thyristor 

Nag -A - stat regulator 
Brushless (1967 on) 

ZRA regulator. 

The Fig. Ce ] . shows the significant transfer 
functions which should be included for satisfactory 
representation in computer studies. Many other system 
types may be represented if it is assumed that the exci - 
tation system ceiling voltage is independent of the 	I 

Generator terminal conditions. VT  is the terminal von. - 

tage applied to the regulator input. The first transfer 

function is a simple time constant TR  representating regulator 

input filtering. For most systems, TR  is very small and may 
be considered to be zero. The first summing point compares 

the regulator reference to the output of the input filter 

to determine the voltage error input to the regulator ampli-
fier. Most computer programs do not require an input of 
V REF  but rather internally calculate the proper value by 

assuming VT  at t a 0 at the proper value. The second 

summing point combines voltage error with the excitation 

damping error signal. The main regulator transfer function 

consists of gain KA  and a time constant TA. Following 
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With the network constraints (to determine the currents) 

and the condition that 3q  is constant. The next step 

in simplifying the mathematical model of. the machine 

is to assume that Sq and S are approximately equal in 

magnitude and that these angles with respect to reference 

voltage are approximately equal (or differ by a small 
i 

angle that is constant. Under these assumptions 'B is 
considered constant. This is the constant voltage behind 

transient reactance representation used in the classical 
V 

model of the synchronous machine. 

2.4  EXCITATION SYSTEM MODELS 

The program allows following excitation system 

representations. 

In the development of the excitation system block 

diagrams, it has been necessary to establish a per unit 

voltage base. One per unit generator voltage is defined as 

rated voltage. One p.u. exciter output voltage is that voltage 

required to produce rated generator voltage on the generator 

air gap line. 

i. Type 1-  Continuously acting-Regulator and E cciter 

The type 1 excitation system is representative of the 

majority of modernsystems now in service and presently being 

supplied. This includes most continuously acting systems with 

rotating exciters such as 
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this the maximum and minimum limits of the regulator 

are imposed so that large input error signal cannot 

produce a regulator output which exceeds practical lirizits. 

The next summing point subtracts a signal which represents 
the saturation function S = f (EF.D) of the exciter. 

That is the exciter output voltage (or generator field 

voltage 4D) is multiplied by a non-linear saturation 

function and subtracted from the regulator output signal. 

The resultant is applied to the exciter transfer function 

+ ST.). When a self-excited shunt field is used, 
K E represents the setting of the shunt field rheostat- and 
provides a positive feed back of exciter output. To esta - 

blish initial conditions, K. is often chosen that it is 
equal to the saturation function at the initial value of 

SFD. At this value, the shunt field exactly compensates for 

exciter saturation and no regulator output is required to 
establish the initial value of EFD. For those systems with 

a seperately excited exciter, regulator output is required 
to establish initial value of ED. The following expression 
must be satisfied during s.s. condition. 

VR - (KE +SE) ??D = 	 ~/- -3 L) 

3FDmin ~ gFD 4Dmax 
 

The sign of KK is negative for a self - excited shunt field. 

At ceiling, or &F,D a "FDmax 

VR 	- (KS + SS ) gFD 	0 	C2 3 ) 
max  max  max 

0 
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K E is always specified as input data or program logic, 
to permit automatic calculation. If any two of the folio- 

wing three constants VRmax' SEmax, and 	D max are known 

then the third constant is also calculated. The minimum 

value of F.~.D is zero and cannot be negative. 

Saturation function 

The exciter saturation function S is defined as a 

multiplier of exciter output ED to represent the increase 

in exciter excitation requirements because of saturation. 

The Fig. 	C`` -A . 	illustrates the calculation of a 

particular value of SE. At a given exciter voltage, the 
quantities A and B are defined as the exciter excitation to 

produce the output voltage on the constant resistance load 

saturation curve and air gap line, respectively. 

k-B 
$E 2 A 

(2.3c) 

ii .IEEE Typet1S Excitation System - Controlled rectifier 
Sy terns with Terminal potent al supply only 

The excitation source is the terminal voltage with 
controlled rectifiet'sonly. If the ceiling voltage is propor-

tional to the gen . terminal voltage than this kind of sys - 
tern responds quickly. Here -VRmax = KP VT . In general, the 

constants of this type of system are such that KE= it T 0, 

andS, =0. 
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~• -~- •IEEE type 2-Rotating rectifier system exc sys  

In this kind of system the major damping loop input 

is from the regulator output, An example is the Westinghouse 
brushless system. The transfer function has or additional 
time constant to compensate for the - exciter which is not 
included within the loop. Other characteristics are similar 

to type 1. 

iv. IEEE Type 3 statig-: with terminal potential and current 
supp̀ lies 

Here gen terminal current is used with potential as the 

excitation source. An example of such a system is the General 

Electric SCPT. The type 3 system has been developed to repre-
sent this particular static system. The regulator transfer 
functions are similar to type 1, up to and including the 
regulator output limiter (VRmax - VRmin). The following 
summing point combines the regulator output with the signal 
representing the self excitation from the generator terminals, 

KP is the coeff of shunt excitation supply proportional to 

terminal voltage. Similarly KI is the coeff of the supply 
obtained from the terminal current transformers. The 
multiplier (MU1T) accounts for the variation of self -excita-

tion with change in the angular relation of field current 

IFD and self excitation voltage V V. The : VB max sets the 
excitation system output to zero when A > 1 i.e. when field 
current exceeds the excitation output current. 

0 
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v. IESS Type 4- Non continuously acting 

The systems described above are representatives 

of modern high-gain, fast actin; excitation sources.The 

type 4 system is used to represent other systems, in 

particular those that were used immediately before the 

development of the continuously acting excitation systems. 

Examples are 

General nleotric GFA4 regulator 

Westing house 	BJ 30 regulator 

Exciter representation is similar with the exception that 

there is no major damping loop. Depending upon the magnitude 

of voltage error aVT, different regulator modes are specified. 

If voltage error is larger than the fast raise/lower contact 

setting Kv (typically five percent), VRmax  or 	is applied 

to the exciter depending upon the sign of the voltage error. 

For a voltage error less than KT, the exciter input equals 

the rheostat setting VRH. The rheostat setting is adjusted 

up or down depending upon the sign of the voltage error. The 

time constant representing the slow adjustment of exciter 

field voltage is T. 

2.5 TURBINE AND GOVERN ER MODELS 

The program allows for the following turbine governor 

models. 

(i) 	Steam turbines 

All compound steam turbine utilize governor controlled 

valves at the inlet to the high pressure (or very high 

pressure) turbine to control steam flow. The steam 
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SPEED GOVERNOR 

PI 	P 
10000 ~"~ m 

FHP I  I FIP I  I PLP 

i 	
IH9 

	
Hi + S THp 	1+ STIp I 	1 + STLP 
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STEAM TURBINE AND GOVERNOR MODEL 

FIG. 12. 
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chest and inlet piping to the first 'turbine cylinder 

and reheaters and cross over piping down stream all 

introduce delays between valve movement and change in 
steam flow. The principal objective in modelling the 

steam system for stability studies is to accotnt for 

these delays. Flows into and out of any steam vessel 

are related by a simple time constant. Pressure changes 
at the entrance to the -governor controlled valves may 
also be important in some stability studies. Boiler 

controls are designed to regulate valye pressure, 
but the controlled boiler response is not fast enough 
to compensate for pressure variations due to the 

movement of the governor-controlled valves. 

Between the governor controlled val'v es and the high 

pressure turbine is a steam bowl or chest. This 
introduces a time delay between changes in a valy.e 

steam flow and steam flow in the high pressure turbine. 

let TCH  be this time constant. The block diagram shows 

a method of accounting for boiler tube drop. The pressure 
PSG  is an internal boiler .pressure aasumed--.coIIstant over the 
study interval and PT  is the variable pressure at the 

entrance to the governor controlled valves. The 
parameter KPD  is a pipe-drop coefficient. The flow 

into the steam chest is 

mCV a Pcv (P - KPD  m CV2 ) 

where appropriate per unit variables . are assumed. 
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The effect of boiler tube drop can be approximated by 

reducing the effective gain of the governer controlled 

valves to the fraction F. If boiler tube drop is ignored, 

F is unity Extraction steam taken at various turbine 

stages to heat feed water usually do not have signifi-
canoe for stability studies. TCH, T and TCc)  are delays 
due to steam chest and inlet piping, reheaters and cross 
over piping respectively. The fraction Fvm„ FHp, FIp  and 
FL?  represent portions of the total turbine power developed 
in the various cylinders. 

Hydraulic Turbine 

The transient characteristics of hydro turbines are 
determined by the dynamics of water flow in the penstock. 
The most precise models of water pressure and flow in 

the penstock are those which treat the travelling wave 
phenomena though the travelling wave models are not nece - 
ssary for stability studies. The time constant .%,_.ia called 
the water starting time or water time constant. 

(ii)  Mechanical hydraulic governing unit 

The mech-hydro speed - governing system for a 
hydro-turbine consists of a speed governer, a pilot value 
and servometer, a distributor value and gate servometer 
and governer controlled gates which are functionally 
related. The speed governing requirements for hydroturbines 
are strongly influenced by the effects of water inertia 

and the dashpot feedback is required to achieve stable 
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performance. The droop feedback reduces the likelihood rate 

limiting in stability analysis. Position limit exist corres-

ponding to the extremes of gate opening. 

(iii)  Rlectric Hydro Unit 

Modern speed governing systems for Hydro turbines may 
involve electrical apparatus to perform the low-power func-

tions associated with speed sensing and drr®pcompensation. 
This apparatus provides greater flexibility and improved 

performance in both dead band and dead time. For inter -
connected system operation, the dynamic performance of the 

electric governer is necessarily adjusted to be essentially 

the same as that for mechanical governer so that a seperate 

model is not needed. 

2.6  RSIAY RR'RSUN TATI ON 

The three relay types-  considered in the program has 

been discussed in great detail below: 

(1)  Distance Relays 

The impedance type distance relay has been considered 
here. Here the torque produced by a current element is balanced 
against the torque of a voltage element. The current element 

produces positive torque while the voltage element produces 

negative torque. The operating characteristic in terms of 

I 	 voltage and current is shown in Fig, 05) 



35 

Hence from this diagram we see that the relay operates 

only when the value of Z(line impedance) is less than 

the constant value of Z. By adjustment the slope of the 

operating characteristic is changed, so that the relay 
will respond to all values of impedance less than any 

• desired upper limit. The operating characteristic of 
the impedance relay on the R-X ax-1 s neglecting the control 
spring effect is shown in fig.['6:1 

The circle is defined by its radius (Z) and center 
(in the above case 0,0). The value to which the relay is 
set is taken as an input data. The user also specifies as 
part of input the total line tripping time (relay pas 
breaker time) and, the dead time between the tripping point 
and the time when line reelosing is done. Single- shot recly- r 
sure is allowed. It is a practice to adjust the first zone 

of distance relay to reach 80 percent to 90 percent of the 
length of a two- ended line or to $0 percent to 90 percent 
of the distance to the nearest terminal of a multi terminal 
line. There is no time delay adjustment for this type of 
unit. The principal purpose of the second zone unit of a 
distance relay is to provide protection for the rest of the 
line beyond the reach of the first zone unit. It should be 
adjusted so that it will be able to operate even for arcing 
faults at the end of the line. To do this the unit must reach 
beyond the end of the line. Even if arcing is not to be 



F] 

/~OPERATtN~, 
T 	 / 	CHARAGZ'Ett1ST►C 

POSITIVE TO0.ROE 

REc,toN 

N EC,A7IVE 1OR40E 
EtO i 

V 

Ft4.t .OPSRATING CHARACT3 ISTIC OF AN IMPEDANCE RELAY 

,T► 

F) .I6.OPERATING CHARACTERISTIC OF AN IMPEDANCE 
RELAY ON AN R- X DIAGRAM 

a 

-7' 
— . — — 7 nfl r 	r r1 •-t ? t T en ,. Tr lll1 fl fl .. • . .. r~ .w, . /f..~, _ iw .. , r~ . w we, ~. w .w~ w 



0 

considered, the ulderreaching tendency has to be taken into 

account. It is customary to have the second zone unit reach' 

to at least 20 percent of an adjoining line section. The 

maximum value of the second zone reach also has a limit. 

The third zone unit provides back-up protection for faults 

in adjoining line sections. The third zone time delay is 

0.4 to 1.0 sec. Its reach should extend beyond the end of the 

longest adjoining line section. 

Under voltage relay 

A voltage relay is one in which the actuating source 
is voltage of the circuit obtained either directly or from 
a voltage transformer. It is derived from the single quantity 
electromagnetic attraction type or induction type. In this 

' 	kind of relay it closes the contacts when the actuating quan- 
tity (voltage) decreases below the reset magnitude for which 

the relay is operated. This relay does not have a wide range 
of adjustment because they are expected to operate within a 
lirm.ted range from the normal magnitude of the voltage. 
Loss of excitation -relay 

Some systems carrot tolerate the continued operation 
of a generator without excitation. In fact if the generator is 
not disconnected immediately when it loses excitation wide - 
spread instability may very quickly develop and a major system 
shut down may occur. When a generator loses excitation it 

draws reactive power amount to as much as 2 to 4 times the 
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0 	 generators rated load. Before it lost excitation, the 

generator may have been delivering reactive power to the 

system. Thus, this large reactive load suddenly thrown 

on the system, together with the loss of generators reac-

tive power output, may cause widespread 'voltage reduction, 

which in turn will cause 	instability. Hence when loss- 

of excitation in relays occur then the generator should 

be tripped and removed from the system to prevent any 

extensive damage. For this loss of excitation relays are 

used. It is a directional distance type operating from the 

ac current and voltage at the main generator terminals. 

The Figure ( f l ) shows the loss of excitation charac -

teristics and the operating characteristics of one type 
of loss of excitation relay on an R-X diagram . 

No matter what the initial conditions, when excitation 

is lost, the equivalent generator impedance traces a path 

from the first quadrant into a region of the fourth quadrant 

that is entered only when excitation is severely reduced or 

lost. By encompassing this region within the relay charac-

teristic, the relay will operate when the generator starts 

to slip and will trip the field breaker and disconnect the 

generator from the system before the generator or the 

system can be harmed. The generator may then be returned 

to service immediately when the cause of excitation failure 

is corrected. 

The tripping and recl osi ng times are specified as 

input data for all relays. 
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SOLUTION -AI GORS THM 



The equation which represents the dynamic behaviour 

of power system can be conveniently divided into two 

groups. 

(i) Equations describing the dynamic behaviour of the 

machines and their controllers. These consists of a 

set of differential equations which may take the form. 

y 	(Y,z)  (3.Z) 

(ii) Equations describing the steady state behaviour of 

the network and generator armature circuits. These 

consists of algebraic equations which may take the 

form, 

h(y, z) = 0 
 

(3.2) 

Variables y are defined as the system state variables. 
Variables z are referred to as auxiliary variables and are 
associated with the network. Generator speed and angular 
position are examples of state variables, whereas generator 

terminal voltages and currents are examples of auxiliary 

variables. 

The structure of the network equations (3.2) may be 

altered in time due to network changes such as fault ini-
tialization, fault clearing, line switching etc. At such 

0 



instants discontinuities occur in the auxiliary variables 

but not in the state variables. 

Two fundamental approaches to the problem have been 

adopted; 

(a) Using a low-flow technique to solve the network equa - 
tions and to evaluate the nodal voltages which in 
turn are used in solving the network dynamic equations. 

(b) Solving the network dynamic equations simultaneously 

and in conjunction with the network algebraic equations. 

The former method is faster "but it is less accurate 
especially if network islanding is to be considered because 
the load flow algorithm is not independent of the network 
reference node. The later method is numerically more stable, 
robust and inherently capable of handling islanding. In 
the first method the differential equations are numerically 

integrated explicitly with the algebraic equations solved 
as a sub problem. A typical algorithm of this type is the 

Runge -Kutta Integration technique. In the second method an 
implicit technique is adopted in which the differential and 
algebraic equations are considered together rather than 
successively. To facilitate this, the differential equations 

0 	 must be transformed into algebraic equations and appended 
to the existing set of algebraic equations. 
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3.Z NETWORK AND ARMATURE EQUATIONS 

The solution of the network and armature equations 

' 	forms a major step in the overall solution procedure. The 
state variables used in the solution comprise of the 
internal voltages Eq and Sa and rotor position 0 for each 
generator. The auxiliary variables which are calculated are 
the complex voltages and currents at generator terminals. 

The transmission system can be represented by the matrix 

of driving point and transfer admittance seen from the 
terminals of the generators. This matrix includes the system 
loads which are represented as constant impedances. The 
network can be described by the equation. 

[ 	J °LYTTI [V 	 (3.3) 

where I and V are based upon the synchronous reference 

frame. 

For each synchronous generator there are two sealer 

equations describing the armature circuits, 

Vd 

	

	1
r 	 ~ 

s 1 	I- R 	-xiq Id 

Vq L 41 	Xd RQ Iq 

(3.4) 
In equation (3.4) the voltages and currents are based 

upon the individual d, q reference frames of each generator. In 

order to obtain a combined so3 ution of equations (3.3) and 

(3.4) all the equations must first be transformed to a 
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common reference frame. 

Let, 

'real + jlimag 	(3.5) 

t hen 

Id + j 1q  = I e 	 (3.6) 

where 0 is the angle between the generator d axis and the 

synchronous reference frame. Similar expressions also exist 

for V and E . If transient saliency is neglected X d  = X q  (d 	q ) 
then the simultaneous solution of equations (3.3) and (3.4) 
is quite simple. In this case the two scaler equations in 

(3.4) can be combined into a single complex equation. 

(Vd+ iVq) = (4 + j4) - (Ra  + J j) (Id+ iIq) (3.7 ) 
Equation (3.7) transforms to the synchronous reference to 

become. 

V - (Ra +jXd)I 
	

(3.8) 

Equations (3.3) and (3,8) can be solved by adding the 
generator transient impedances Ra+ JXd at the network 
terminals. The terminal voltages V and currents I are 
calculated from knowing the voltages 	=(E' + jE' )eje  d 	q 
behind the transient impedances. 

3. 	EFFECT OF SALIENCY 

On the other hand, if transient saliency is not 

neglected the simultaneous solution of equations (3.3) 

0 
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and (3.4) is considerably more difficult. In this case 

when (3.4) is transformed to the synchronous reference 

frq,mewe obtain 

	

Vre~ Ereal 	cos 9 -sin 0 Ra -X cos 0 sin 6 'real 

	

ig Eimag 	sin 6 cos 9 Xd Ra -sin 6 cos 8 Iima 

(3.9) 

Two difficulties arise in the solution of equation 

(3.9)• 

(i) It cannot be combined into a single complex equation 

with the form of (3.7). 

(ii) The coefficients of Ireal and I imag are functions of 

& and are therefore time varying. 

It is possible to combine equations (3.3) and (3.9) 

to obtain a set of 2N (N= no. of generators) real equations 

which can be solved directly. However, because the coeffi-

cients are varying, the matrix must be refactored or 

reinverted for every integration time step and this is very 

time consuming. 

One effective method for overcoming these difficulties, 
requires iterations at each integration time step but uses 

a matrix which is constant as long as a certain network con-

figuration exists. This method is based upon representing 
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the generator by a fictitions slack voltage behind a 

fictitions admittance as shown in Fig. ( 	). The 

generator fictitions admittance is defined by ,, 
1 

Y
fict 	R - j 	(Xd + Xq ) 

(3.10)  
Ra + X d X 

and the generator fictitious slack voltage is calculated 

as  

	

~ 	$ 

	

fict = ~ + 	 ( _ 

Ra j 7 (Xd+Xq) 
(3.11) 

Equation (3.11) is derived by considering that the current 
Pictfict produced by E' 	behind Y 	should be identical to that 

obtained by so]ving equation (3.4) for given Fd and S. 

When the fictitious generator admittances are added 

to the network, the combined equations for the network and 

generator armature circuits of the form. 

	

0 	YTT 	YTG 	 1 

	

1 	
fict 

['YGT 	YGG 	 (3.12) 

F.1 imi nati ng V with Krons reduction we obtain. 

[ J 	[ YGG YGT YTT YT G] [ .3fict) 	(3.13) 

The simultaneous solu tion of equation (3.11) and 

(3.13) is obtained by iterating the voltage V. The exact 

details of the iterative procedure are described below.The 
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convergence of the procedure is very reliable and usually 
requires two or three iterations. 

(i) Set initial estimate of V to the terminal voltages 

obtained in the previous time step. , 

(ii) Transform generator internal voltages to the synch - 

ronous reference frame. For each generator calculate. 

_ ( gd + j Eq ) eJO  and 6 
(iii) Calculate the fictitious internal voltage 'Ifict  for 

each generator using equation (3.11.). 

(iv) Calculate the generator currents using equation (3.13). 

(v) Calculate new estimates of the terminal voltages from. 

7 _ fict - I, vfict 	(3. ) 

(vi) Check for convergence. For each generator calculate. 

I-  - = J Iq  	e de  
and 

Vd+ iVq  V e JQ  if Vq  = Sq Xd Id  -Ralq  

and Vd  = i + X' Iq  -RaId  (3, 5) 

If the solution has not converged return to step (iii). 

3, 	C AIC UI ATI ON OF Gi NERATGR INI TI AI. CONDITIONS 

The algorithm for calculating the generator initial 

conditions is described below. 
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(i) Set initial estimate of the saturation factor k = 1. 

(ii) Calculate saturate reactances Xd  and Xq. 

(iii) Calculate the angle of rotor with respect to the 

synchronous reference. 

(iv) Calculate the d and q axis ccmponents of generator 

current and transform them onto the generator reference. 

(v) Calculate the generator transient voltages and the field 

voltages from 

Sq  = Mag ( Sqd) - (Xq  Xd) 'd 	C3  ' b) 

where 	_ 	_ 
Sqd  = V + (Ra  + JXq) I 

Ed  = (Xq  _ Xq) Iq  

Ef  = (Eq + (Xd Xd) Id) /k 	(3, i-,) 

(vi) Calculate the air gap voltages from the following 

equations 

Eaq  = 	(X - Xj,) 'd 
E  _ E + 	i X  ) I 3at Jaq + ad (.3.  + ) 
ad 	d (X  q 	q 

(vii) Calculate a new estimate of the saturation factor k as 

a function of the air gap voltage. 

(vii) If. the saturation factor has converged continue to the 

next step, otherwise return to step (ii). 

(ix) Calculate the initial mechanical power as the sum of the 

generator output and armature loss. 

The algorithm to calculate the time derivatives of the 
state variables is described below; 
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(i) Define integrator inputs (generator state variables), 

w, ~, ~d, and q in terms of the integrator outputs. 

(ii) Calculate d and q axis components of the generator 
current.  

(iii) Calculate generator e7 ectrical output and losses. 

F'e =V real Iraal - + Vimag Iimag 
2 

pi = (I real + Iim g) Ra 	 3. 9) 

(iv) Calculate saturate reactances! Xd, Xq and time 
constants Tdo and Tqo 

X d = k Xd + (1-k) X~ 

X 4 = k Xq + (1-k) X1 	 C3.20) 

Tdo= Tao [l-(l-k) (Xd - xd)/ (x- x,)] 

Tqo= Tqo [ (1-k) (Xq - Xq)/ (Xq X}.)J  

(v) Calculate the air gap voltage and the saturation 
factor k. 

(vi) Calculate the time derivatives of the generator 

state variables and store them as integrator inputs. 

Sq
I
= (k iJ f Fq- (Xd X d )Id)/ ado 	C3, 22) 

+ (X q - x) Iq)/ Tdo 	(:3, z 3) 

_ (Pm 'P e PI- tk )/2 H, c = 2,t0  
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3.4 - NETWORK REDUCTION 

The reduction of the Y matrix is done by matrix 

operation if we recall that all the nodes have zero injection 

current except for the internal generator ,nodes. This property 

is used to obtain the netNork reduction as shown below. 

Let 	I = Y V 

where 	I n  
I = 1,0  

Now the matrices Y and V are partitioned accordingly to get 

I 	Ynn 	Ynt. 	Vn 
... I _ .. 0....09.0.....• . 	.... 

0 	Yr   

Here the subs:ript n is used to denote generator nodes 
and the subscript r is used for the remaining nodes. Expanding 

the above matrix equation we get 

In= 
'nn 

 vn +YnrVr, 

0  =YrnVn+Yrr Vr 	(3.2e) 

from this Vr  is eliminated to find 

In = (Yran Ynr Yrr Yrn)  Vn 	L3.27) 

The matrix (Ynn  - Ynr, Yrr Yrr) is the desired reduced 

Y matrix. It has dimension (nxn) where n is the number of 

generators. The above method can be used only when the load 

impedances are treated as constant otherwise the identity of 

the load buses must be retained.. 
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34  SIMULATION STEPS 

The simulation steps of the program are enumerated 
below. They will be described in more detail along with the 
subroutines in the next chapter. 

(i) Read Input values of various parameter. 

(ii) Perform link structure to store network topology. 
(iii) Perform load flow using Gauss Seidel method, 

(iv) Sliminate the load buses. 

(v) Calculate the initial conditions of the state 
variables. 

(vi) Read System disturbance condition. 

(vii) Solve the network and armature equations. 

(viii)Calculate the state variable derivatives. 
(ix) Activate the relay protection scheme if required. 
(x) Calculate the state variables for next increment in 

time. Check the time elapsed. If time elapsed is less 
than the simulation time go back to (vii) otherwise 
check the new network condition by going back to (vi) 
and stop. 
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There is a main program which calls number of 
subroutines and this on the whole completes the simul-
tion of the power system problem considered. The various 
subroutines are being described one by one below. 

(i) Initialization 

The variables and the arrays are initialized in 

the main program. This is done before the input data is 

reads  Some of the variables like NFAUIT, NSTEP, NPRINT 

and NPIOT are all set to a 0 value. A control file name 
is read. This file consists of the data files of bus, 

line, transformer, machine ,relay and system condition, 

The different unit zuiers of these data files are also 
read through the control file. Some of the arrays are 
given below. 

SAYE (I, J) - value of integrator input for previous 
integration time step. 

PLUG (I, J) - value of integrator input (state variable 

derivatives) 

where I • no. of generating unit and 
J • no. of integrators. 

The variables to be printed are stored in PRTVAR (I, J) 
where I . no. of generator and J = no. of printout variable. ° 

AYR PRM (I, J) and TUR PRM (I, J) are the integrator 
input for excitation system models and turbine governor models 
respectively. Where I = no of generating units and J s no of 
integrators. 
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SAVE (I, J), PLUG (I, J) , PRT VAR (1, J), AYR PR)! (I, J) 

and TUB PRM (I, J) are all set to 0 value. 

(ii) Reading input data 

After the initialization of the variables and Arrays 

input subroutines are called by the main program. The input 

subroutines are used to read the values of the bus data para-

meters, line data parameters, transformer data parameters 

reactor/capacitor data parameters, machine data parameters, 

excitation system and turbine governor model parameters. 

The three input subroutines of this program are described 

below. 

(a) IF R - This is the first input subroutine called 
by the main program. It reads bua data, line data, trans - 

former data and reactor/capacitor data variables. All these 

input data for the above variables are stored in a datafile 

specified by the control file, The unit of this data file 

is identified by INDIF. The system base MVA is taken to be 

100 MVA. 

The bus data parameters read are Bus type, bus base 

kv, bus voltage magnitude, bus voltage angle, bus MW  genera-

tion, bus MVAR generation, bus MW load, bus MVAR load, bus 

voltage desired, bus MVAR generation lower limit, bus MVAR 

generation upper limit and bus name. The bus data card is 

represented by an integer value of 20, 
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The line data parameters read are line resistance, 

line reactance, line admittance charging, line type, line 

to transformer data pointer, line ratings, line voltages 

and line status. The line data card is represented by an 

integer value of 40. If line to transformer data pointer 

is 1, then the transformer data parameters are to be read 

otherwise if it is 0 then the transformer data is ignored. 

The transformer data parameters read are transfor - 

mer resistance, transformer reactance, transformer type, 

transformer to phase shifter data pointer, transformer to 

line data pointer, transformer ratio, transformer minimum 

ratio, transformer tap steps, transformer controlled bus 

upper limit of voltage, transformer controlled bus lower 

limit of voltage. The transformer data card is represented 

by an integer value of 60. If transformer type is set to an 

integer value 4, then a variable INPS is set to 1. In this 
case only ,the phase shifter data parameters are read 

otherwise they are ignored. 

The phase shifter parameters to be read are phase 

shifter angle, phase shifter angle steps, phase shifter (MW) 

0 	maximum, phase shifter (MW) minimum,phase shifter angle 

maximum, phase shifter angle minimum. The data card cumber 

is 80.. Thereafter the reactor/capacitor data parameters are 

read. 
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The three types of buses considered here are (i) Gen 

bus or voltage controlled bus (ii) load bus and (iii) swing- , 

bus or slack bus. The four types of lines considered here are 

(i) Normal line (ii) Tie line (iii) Transformers (iv) Phase 

shifters. The integer variables BBTYPS and ITYPE take 

different values for modelling or considering one of the 

above types. 

MCSIND 	This is the second input subroutine. It reads 

the machine data parameters, excitation system model and 

turbine governor model parameters. All these parameters are 

read from a data file specified by the control file. The unit 

of this data file is identified by a variable INS. Total 

number of generators (NGEN).,total simulation time (TLMS) 

and integration time steps (TSTFPS) are read by this sub - 

routine from the data file. 

The generator parameters to be read .are-  gebgrator model, 

number of generator bus, generator type, Inertia constant, 

Resistance, Reactance, d and q axis reactance and transient 

reactance, damping constant, open circuit time constant in 

the d and q axis, machine rating, IVR and ITUR. IVR takes 

integer values from 0 to 6 and IIUR takes values between 
0 to 4. Each value of IVR and ITUR has its own significance 
They decide the various excitation and turbine governor models. 

In the case of generator there are common set of 

variables for every generator model, This is not the case with 

the excitation systems and turbine governor systems. 
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PROIND - This is the third and last input subroutine 

caC.led by the main program. The relay parameters are read 

from the third data file specified by the control file. 

The unit of this data file is identified' by the variable 
INUPR. Three types of relay has been considered here. 

They are impedance relay, loss of excitation relay and 

under voltage relay. Depending on the characteristics of 
the relays various parameters are read. The relay parameters 
are to be read if and only if an integer IPROT given in 
the control file is equal to zero, otherwise the relay 

protection scheme is not taken into consideration. 

(iii)  Calculations 

All those subroutines which do various calculations 

are being described here one by one as follows - 

IFINS - This subroutine is called to convert the recently 

read bus MW and MVAR generation, bus MW and MVAR load to 
base MVA. The line admittances, base admittances of trans-

formers and cap/reactor susceptances are calculated from 
the input , 	values. 

LINK 	- The next subroutine to be called is link. It 

prepares a link structure of the lines of the power system 
' 	example considered. This is done with the help of the input 

variables LFROM (line from) and ITO (line to). The network 

topology obtained is stored in the various arrays defined 
in the program. 
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Now the question that arises is whether the load 

flow solution is to be carried out or not. If yes, then 

whether the initial load flow solution is to be read or not. 

ICON2 - This is the next subroutine called. Here the self 

impedance of buses are calculated and line admittances are 

modified to take into account of tap settings of transfor-

mers. This subroutine models the transformers and phase 

shifters, determines the diagonal elements of the •Y-matrix 

and stores the admittance contributions to the diagonal 

elements of the Y-matrix due to transformers and phase 
shifters, which charge with the transformer ratio and angle. 
These are stored in the array TCHTAP. 

Now for each and every bus the net active and reactive 
power is calculated and then the load flow is solution is 

performed using the Gauss- Seidel method. 

SO1VS2  K - This subroutine does the load flow solution using 

the Gauss seidel method. It solves the load flow solution of 

a specified block of network. The network topology must be 

available in the arrays BIIST,NE T and IFAR. The solution 

is found iterating through all buses until the biggest bus 
voltage difference between two successive iterations is less 

than a specified tolerance. The solution is said to be 

diverging if the maximum bus voltage difference between two 
successive iterations increases for subsequent iterations. 
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The solution is returned if it diverging with FLAG 2. 

A voltage kickoff flag KICKFG has been defined. If it 

is 0, then all the bus voltages are within the voltage 

kick off limits. If it is 1, then one of 'the bus voltage 

has crossed the upper voltage kickoff limit. If it is 2, 

then one of the bus voltage has crossed the lower voltage 

kick off limit, FLAG is the variable which defines 0 
the status of the solution. If it is 0 then the solution 

converges, 1 if the full maximum iterations has been 

carried out and 2 if the solution is diverging. If the 
solution has not converged then one more try for load flow 

solution can be made. 

TAPCHG 	- This is the next subroutine to be called by 

the main program. The taps of the transformers and phase 

shifters are adjusted by this sdbroutine. An integer 

variable IFLAG indicates what to control. If it is 0, 

then the MW and MVAR control is made and if 1 then voltage 

control is made. There is also a variable ITAPSW which 

indicates whether a change was made or not. 

iCON 22  - LCON 22 is the next subroutine called. Here the 
line admittances and the self admittances of the buses are 

modified depending on the changes in the tap positions and 

the angles of the transformers/phase shifters made by the 

V 	 previous subroutine. After making these alterations the 
load flow solution is again repeated. 
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OUTLF prints the load flow results in the output file 

specified by the control file. The unit of this output file 

is identified by the.variable IOU. This subroutine calls a 

subroutine LINELW. This in turn calls LINFLW. These two 

subroutines are used to calculate the total active generation,, 

total reactive generation, total active and reactive mi. s - 

matches. These values are also printed into the specified 

output file. 

Thereafter the generator terminal voltage and current 

are calculated and the loads are converted to shunt admi - 

ttance. 

(iv) Reduction of Y matrix - 

Now whether the Y matrix reduction should be carried 

out or not is decided. If the answer is yes the following 

subroutine is called by the main program. 

MATRED 

This subroutine adds each internal generator bus to 

the network adnd ttance matrix and then reduces the new 

matrix by eliminating the corresponding generator terminal 

bus. For each generator the following steps are. applied to 

a matrix which is initialized as the equivalent admittance 

matrix for the terminal buses. 

C1) The row and column of the generator in concern is 

moved to the outside of the matrix. 

(ii) The generator internal bus is added to the matrix in 

the position of the recently vacated row and column. 

0 
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(iii) The terminal bus row and column is eliminated 

from the matrix using krons reduction formula. 

This is done in the subroutine YS1IM. Finally all 

the nodes except for the internal generator nodes 

are eliminated. Thus the Y matrix for the reduced 

network is obtained. This reduction of the network 
admittance matrix helps in reducing the execution 

time of the program considerably. The size of the, 

reduced matrix is checked by comparing it with the 

maximum size specified. If it exceeds the specified 

value then an error signal gets printed. This 

reduced Y matrix is printed into a' file specified 
by (unit NRDS). 

(v)  Modelling Subroutines 

These subroutines are called to calculate irAtial 

conditions of the system. They solve the dynamic equations 

of the generators and their controllers. The development 

of these subroutines are based upon the analog computer 
approach. The two main function of the subroutines are. 

(i) They calculate the initial conditions of the machines 
and the controller state variables and the initial 
controller set points. 

(ii) They calculate the time derivatives of the machine 

and controller state variables at each integration 

time step. 



These subroutines are classed according to whether 

they model a generator, excitation system or turbine 
governor model. 

GSMDIN - This subroutine develops models for gertrator, 
exciter, and turbine - governor. This calls three sub - 
routines. One for generator modelling, the second for exciter 

modelling and the third for governor - turbine modelling. 

G?6N MOD - This is the subroutine called by the previous 
subroutine. This in turn calls a subroutine GI1 1. This 
subroutine is derived from the analog model of the various 
types of generators. The generator modelling subroutine gets 

somewhat complicated by taking into account saturation. The 
integrators are first defined. This is nothing but the 
generator terminal voltage and current in terms of the 
synchronous reference frame. From this the integrator inputs 
are calculated. That is the initial conditions of the gene 
rator state variables like w, S, Eq  and $d  as well as the 

initial field voltage and the initial mechanical input 
power are calculated. The algorithm for calculating the 
generator initial conditions has been described in the 
previous section (3.0). During the step by step simulation 

the function of the generator subroutine is to calculate 

the time derivatives of the generator state variables. The 

algorithm for this is described in great detail in the 

' 	section (3.0). 
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The excitation system subroutines are AIR1, AVR2', 

AVR3, AVR4 and AV R.  These subroutines are derived from 

the analog model of the different excitation systems. The 

turbine governor subroutines are TURl, TUR2 and TUR3 

These subroutines are aJ so derived from the analog models 

of the various turbine governor systems. In the excitation 

system subroutines first the integrator outputs are defined 

and then the intermediate variables are calculated. In this 

process the integrator inputs are calculated. A check is 
carried out on the initial conditions calculated for every 

excitation system model. It is done to see whether the 

initial conditions are within specified limits or not. If 
not then an error signal gets printed into the output file. 

The same thing is done in the case of turbine governor. 

subroutines,, 

(vi)  Read System Condition 

The system conditions are read from an input file 
specified by the control file. SYSCON be the.  integer variable 
which indicates the system conditions. If SYSCON is 0, then 
a three phase bus fault is simulated, I then a three phase 
line fault is simulated, 2 if line has been kept open, 3 
for simulation of load change, 4 then loss of excitation is 

simulated, 5 for three phase bus fault cleared and 6 for 

the loss of generation. 
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The various values of the SYSCON input data is 

read from the input data file with (unit = INSYC). In 

the case of three phase fault the bus at which the fault 
has occurdd is read. Similarly for the tbree phase line 
fault the line number, distance from the sending bus is 

read. For the simulation of loss of excitation generator 

" 	number on which field fault has occured and the type of 

field fault whether open circuited or short circuited is 

read. When there is a change in the load then the bus number 

at which the load is changed and the new values of active 

power and reactive power of the load is read. Thereafter 

the load is converted to shunt admittance. After reading 

the system condition and obtaining the new reduced admi-

ttance matrix for the given system condition the network 
and armature algebraic equations are solved. Thereafter 
the following subroutines are called by the main program. 

I 	 MATRIX - This subroutine calculates the equivalent Y 

matrix for internal generator buses. It augments the Y 
matrix with internal generator buses and eliminates the 

terminal buses. 

NWSOL - The next subroutine after MATRIX; NWSOL is 

called in the main program. This subroutine solves the 
network and armature equations. The solution procedure 

has been described in the section (3.C). 
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Then the modelling subroutines are called to cal-
culate the state variable derivatives at each integra-

tion time step. If the variable IPROT is not equal to 
zero then the relay protection schemes are called to 

identifythe faulted portion of the system by the subrou-
tine R~F.IAY, till the fault is cleared. This protects the 
system from any damage. 

The variables to be printed are stored in the 
array PRTVAR(I, J), where I = no. of generating units 
and J = no. of printout variables. The variables to be 

printed can be stated by inserting statements which spe - 
cifies the elements of PRIVAR(I, J) in the machine and 
controller subroutines. 

The INT subroutine is then called in the main 
program to calculate the state variables for next incre -

ment in time. Once the total simulation time has elapsed 
the new network condition is checked and the program 
execution comes to an end. 

OUTPUT - This subroutine gives printouts of the variables 
calculated during the simulation. 



CHAPTER -5 

DESCRIPTION OF THE SYSTEM 
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The NORTHERN REGIONAL power system example taken for 

study comprises of 93 total buses. Out of which there are 

63 load buses and 29 generator buses. The system base MVA 

is 100. The input data sheets has been provided in this 

section for bus, line, machine, excitation system models, 

transformer:;, capacitors and reactors and turbine governor 

models. Different types of system conditions havabeen 

considered in this system. The system performance for 

these conditions can be observed one by one. This has been 

discussed in the next section. 

In this example three types of generator models have 

been included. They are (i) two axis model (ii) one-axis 

model and (iii) Infinite bus. till these have been described 

in great detail in the 2nd chapter. Five types of exciter 

models have been considered. They are (i) IEEE Type 1 

excitation system (ii) IEEE Type is excitation system 
(iii) IEEE type 2 excitation system (iv) IEEE type 3 exci-
tation system (iv) IEEE type 4 excitation system. Along 

with these five types of _exciters,three types of turbine 

governor systems are modelled. They are (i) steam turbine 
(ii) hydraulic turbine with mech governing unit (iii) 

hydraulic turbine with electrical governing unit. 
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LOAD FLOW STUDY OF NORTH-NEST POWER SYSTEM 

SYSTEM DATA 

SYSTEM DATA 

SYSTEM BAST MVA 13%. 

NUMBER OF BUSES 43 

NUNBER OF LOAD BUSES 63 

NU BER OF GENERATOR BUSES 29 

NO OF TRANSFOR 	NERS 4% 

NUM?ER OF PHASESHIFTERS B 

NUMBER OF ?USES WAVING 

CAPACITOR/RECTOR 42 

NUMBER OF SLACY, BUSES 1 

SLACK, BUS NO AND NAME 5 	yE HAR 64 

4 



17 B ADARPOR 6 	STEA 	'so- 	194. 120. 2.679 	.Bat 	.878 1.526 	.224 1.256 	.39 6.510 	.58B 2.888 .888 
2102 8 

18 2 App 6 	NUCI 	TWO- 	229. 12@. 5.658 	.014 	.125 	.743 	.192 	.658 	.518 4.618 	.388 2,886 .880 

188E a 
1q MRDN6R 4 	INZ1 	ONE- 	351. 19. 	.296 	.000 	.000 	.011 	.130 	.130 	.608 	.008 	All 	1@B 1 

29229 b41166 	13- 	129. 129. 1.229 	.693 	.123 	.921 	.363 	.568 	.565 7.658  

21 
2 	 ? 	.303 .560 .568 1.659 .082 2.800 .BBB 

:1 4N122B 	NY~R 	TWO- 	1@~, ia0 	=,~:2 -.2£~3 	.18J 	21 

1 

32  R1  WP ?W3-  132. 128. =,5i5  .221  .252  .735  .228 .491  .497 7,588  .681 2.888 .BBB 

X22 1 2  - 

23 rk621  HYDR  TM;-  165. 129. E.226  .a22  .278  .686  .135  .336  .336 8.848  .888 2.880 .BBB 

9923 
24 DH 8641  HYO R  TWO-  165. 192. 8.228  .982  .216  .666  .135  .336  .336 9:848  .888 2.889 .886 

226 Z 3 
25  pB1  NYCr Two  62. Al. 33.222  .964  .199 1.365  .338  .818  .819 5.880  .888 2.088 .888 

Ne ; 3 

26 t$ p161  STEA  ;113  11?, :26. 4.5599 	.0e0  .333 1.578  .218 1.491  .958 6.842 1.508 2.886 All 

6295 e 
21  STEA Tw3  114. fer,  ,sea  203  .333 1,578  .218 1.491  .950 6.841 1.599 2.99B .BOB 

28? 2 a 
:6 ~DGPRu2  STE.  7W -  M. 192. 3.572  .986  .878 1.520  .224 1.258  .300 6.500  ,580 2 098 .~3E0 

982 4  
2 %D PRTNI  STE;  TWO-  211. 19e. 5.160  ,201  .224  .891  .123  .854  .460 1.080 2,dOO 2,10 

2921 
$6  APRTH2  STEA 140- 2218. 129. 516?  091  294  .891  .123  ,854  .466 1.088 2.508 2,929 ,980 

992  

1 

1 



418.72 
183.68 
91.88 
148.25 
123.48 
255.88 

65.45 
65.45 
153.88 
293.25 
93.58 
63.75 

187.88 
164.98 
114.75 
232.98 
85.88 
187.88 

.68 

.Be 

.08 

.18 
.61 
.88 
.88 
.88 
.88 
.88 
.88 
.88 
.88 
.0 
.00 
.88 
.88 
.88 
.08 
.88 
.88 
.8B 

.88 5,67 3.11 

.88 1.62 1.33 

.88 2,43 1.33 

.88 2.43 1.33 

.88 5.67 3.81 
of 5.67 3.81 

.88 ,81 .42 

.88 .81 .42 

.18 1.62 .84 
If 3.24 1.75 
If 8.91 4.76 
If 8.91 4.76 

.88 17.82 9.52 

.88 17.82 9.52 

.88 11.34 6.89 

.88 22.68 12.16 

.88  12.55 6.72 

.88 16.28 8.68 

.86 .88 .20 
.80 .88 .8;~ 
.08 79.38 33.25 
.88 28.35 15.19 
.68 .88 if 
•80 .0 .88 
.88 .es 00 
.0 .88 .88 
.88 .88 .88 
.88 .88 .88 
.88 110.18 91,88 
.88 .80 .88 
.88 .88 .ea 
.88 .02 .08 
.88 .88 .88 
.88 282.58 188.58 
.88 113.48 60._69 
.68 81.88 43.41 
.88 .88 .88 
.88 81.80 43.48 
.08 .81 .00 
.88 218.68 112.77 

 

I PV  11 

	

2 PV 	I1 

	

3 PV 	it 

	

4 PV 	it 
5 SLACK 	11 

	

6 PV 	11 

 

7 PV  II 

	

B PV 	11 

	

9 PV 	II 

	

18 PV 	I1 

	

I1 PV 	11 

	

12 PV 	11 

	

13 PV 	II 

	

14 PY 	it 

 

15 PV  II 

	

16 PV 	II 

	

17 PV 	II 

	

I8 PV 	21 

	

19 LOAD 	228 

	

20 LOAD 	221 

	

21 LOAD 	66 

	

22 LOAD 	228 

	

23 LOAD 	488 

	

24 LOAD 	228 

	

25 LOAD 	132 

	

26 LOAD 	132 
27 LOAD 226 

	

28 LOAD 	228 

	

29 LOAD 	132 
38 LOAD 228 

	

31 LOAD 	228 

	

32 LOAD 	228 

 

33 LOAD  66 

	

t4 LOAD 	228 

 

35 LOAD  33 

36 LOAD 228 

	

37 LOAD 	226 
38 LOAD 228 

	

39 LOAD 	228 

	

"A LOAD 	220 

, 

0 

:' BUS DATA -- 

-- BUS DATA. -- 

	

BUS 	--GENERATION--- 	----L 0 A D---- 	BUS VOLT REA GEN/BUSVOLT LIM UNIV- 	BUS 
SEQ TYPE VOLT ACTIVE 	REACT 	ACTIVE 	REACT 	DESIRED UPPER 	LONER. 	ERSAL 

	

KV 	MY 	MVAR 	MN 	MVAR 	P.U, 	MVAR/P.U. 	BIAS NO 	NAME 

--------------------------------------------------------------------------------------------------------- 

1.88 212.11 -212.88 1 $H KRA1R)6 
1.88 185.58 -185.58 2 RAML)62 
1.88 52,51 -52.58 3 KRAil166 
1.88 54.88 -54.18 4 D E HAR 62 
1.82 !62.58 -162.58 5 p E HAR 64 
1.88 158.88 -158.88 6 pa N6 6 
1.88 45.88 .88 7 CA , NGUWAL 6 
1.88 45.88 .8e 8 LO TLA 6 
1.80 87.88 .88 9 c'-UL 6 
1.08 167.88 -167.88 it .A LAL 6 
1.80 65.18 .88 11 c,4 DIP 61 
1.88 65.25 .88 12 4' DTP 62 
1.88 18 if 13 K.T.P.6 
1.88 168.88 .88 14 9,J P1(1)6 
1.82 75.88 -75,68 15 PA RIDBAD 6 
1.08 169.58 .88 11, 2 P. 6 
1.88 62.82 .8a 11 sPC DARFUR 6 
1.88 128.52 .88 16 kA PP 6 
1.82 !.0 .79 19 r,H KRA R2 
l . as 1.18 .78 2a 814r.R►~ ~2 
1.800 1.88 .76 21 g.1 KRA Lo 
1.88 1.88 .78 22 HAR 2 
1.88 1.08 .78 23 fl E. HAR 4 
1.88 !.88 .18 24 Po N6 S 
1.88 1.88 .78 25 Q A NGUNAL I 
1.28 1.88 .78 26 ko TLA S 
1.10 1.88 .78 27 SU IL S 
1.08 1.88 .78 28 S A LAL S 
!.88 1.80 .78 29 % N ATINDA I 
1.88 1.88 .78 38 ORATINDA 2 
1.8 1.28 .78 31 Q.T.P. 	2 
1.2a 1.81 .78 32 PNPT(T)2 
1.08 1.81 .78 33 F* RIDBAD S 1.88 1.88 .76 34 PALA86ARH 1.00 1.0 .78 35 2. P. 3 
1.88 1.88 .78 36 2, P. 2. 
1.88 1,88 .78 37 '3A DARPUR S 
1.88 1.88 .78 38 RA PP S 1.08 	. 1.88 .78 39 Mx Ss 
1.88 1.80 .78 48 '1kMALPUR 2 



4! 
42 

LOAD 220 it it 48.58 21.7$ 1,18 188 .1d 41 40 VINDGARH LOAD 228 .88 ,28 81.16 43,4k 1.01 1.00 ,18 4 43 LOAD 220 .80 ,00 64,81 34.12 1,88 1.00 .78 43 
Ch ANDIGARH 

44 LOAD 228 .8S .88 72.89 38.64 1.88 1.9 .78 
A60U1APUR 

45 LOAD 228 .88 ,88 48.58 21,12 1.82 !.Bp %8 
44 

45 
►1UL:OTE 

46 LOAD 221 .11 .00 36.45 19,53 1.08 1.00 .78 
PT PL! 

47 
48 

LOAD 
LOAD 

229 
228 

of 81 81.81 43.41 1.0$ 1.80 .78 
46 
41 

RA JPURA 
PATIALA 

49 LOAD 221 
.18 

to 
.68 

.08 
48,50 
48,58 

21.78 1.88 1.80 .78 48 9ATAAH 
58 i.OAD 228 .68 .08 52.65 

21.78 
28.21 

1.10 
1.80 

1.88 .78 49 

LTONKIN A a:,; OAD 220 ,80 ',pp 24.38 13.82 1.80 
1,88 
1.ar"- 

.78 

.78 
58 

52 LOAD 228 .88 .88 12.98 39.66 1,08 1,88 ' .78 
51 

52 
£ RNALA 

,9AN6RUk 53 L0AD 228 .18 18 283.58 l51.Sa 1.88 1.88 .78 .;3 54 LOAD 228 .88 .06 72.90 39.Oo 1.88 1.80 .78 
SWLANDHAR 

55 LOAD 228 .80 .88 64,80 ,4.72 1.80 1.3 ,18 
'i4 ~t:RPAI 

56 LOAD 220 .88 .68 64.88 34.72 1.88 1.80 .78 
S 

56 
8 aTALA 

57 LOAD 228 ,88 ,88 81.S 43.48 1.08 1.88 .78 57 
s'RHA 

58 LOAD 228 .88 .08 43.74 23.45 1.88 1.80 .78 
IkMMU 

58 ttDHAMPUR 
J, IUMV L.6 . w .vv .vv ,t ,. •• --  
68 LOAD 132 .00 .0 40.50 21.78 1.03 1.88 .73 61 'AMALPUR 1 
61 LOAD 132 .88 .00 41.51 21.72 1.88 1.88 .7a 61 S A MRALA 
62 LOAD 132 .00 .88 93.15 49.9! 1.02, t.3' .70 62 PAR  1 
63 LOAD 408 .88 ,88 .88 If 1.88 1,88 ,/8 63 PH PT 4 
64 LOAD 228 .11 .38 145.04 18.12 ;.08 1.80 .78 64 P►I PT 2 
65 LOAD 229 .88 .81 52.65 29.21 1.88 1.M8 ,78 a5 ctv RBpi1M 
66 LOAD 228 .10 .08 162.08 96.88 1.80 1.00 .78 56 t  DR1 
67 LOAD 228 it .08 28.35 :5.19 1.00 1.88 .78 •y7 I4AUI  2 
68 LOAD 228 .88 .00 29.16 47.14 1.11 1.84 78 68 x ZSSAR 
69 LOAD 488 .88 .88 .88 .00 1,00 1.48 b 59 $M W I 

78 LOAD 228 .86 .08 166.85 88.96 1.08 1.00 .78 '0 N n P,i~ANF; 

71 PV 488 299,35 .08 .88 .88 1.80 .88 .80 71 nR I'NSR 4 

72 LOAD 22$ -  IN ,88 .80 it 1.08 1.81 .18 72 rMLDNSP 2 

73 LOAD 228 .08 .88 162.88 06.88 1.88 1.88 ,78 73 k ERELA 

74 LOAD 221 .0% ,88 93.15 49.91 1.00 1.88 ,18 74 , RH.ROAD 
75 LOAD 228 .88 .88 16.95 41.23 1.00 1.88 .78 75 PATPARGANJ 
76 LOAD 222 .18 ,00 89,111 47.74 1.88 1.88 .78 76 NkJAF6ARR 
77 LOAD 228 to B! 174.15 93.24 1.80 1.88 .18 77 HEHRAULI 
78 L0A4 228 .80 .08 16.95 41.23 1.08 1.88 .78 78 K.1ETR1 
19 LOAD 228 .08 .88 137.78 73,78 1.08 1.80 .78 79 'SAIPUP 
88 LOAD 228 .18 it 48.60 26.84 1.88 1.20 .78 88 R-EENUGUS 
81 LOAD 228 .88 .80 148.94 75.46 1,80 1.88 .78 81 I TA 
82 LOAD 221 .88 .08 56.78 38,38 1,88 1,88 .78 62 / WAR 
83 PV 11 91.88 .80 ,88 ,88 1,88 52.58 -52.58 83 'B4166 
84 PV It 91.88 at .80 .88 1.08 52.58 -52.52 04 ftI 22S 
85 PV 11 93.58 .81 .88 .88 1,08 53.68 -53.88 85 BNRI 

86 PV 11 141.25 at ,08 .3% 1.88 54.80 -54.00 86 7>4621 

87 PV 11 140.25 .88 .08 ,88 1.08 54.25 -54.25 87 Dj R641 

88 PV 11 51.88 .88 .08 ,08 1.88 29,80 -29.88 Be N6! 

89 PV II 82.17 .88 8.91 4.76 1.68 72,58 -72.58 89 Dr4PT61 
96 PV It 63.75 .08 8.91 4.76 1,88 56.50 -56.50 98 .44D621 

91 PV It 85.88 .8B 12.55 6.86 i.0 62.88 -62.06 91 D O RPRH2 

92 PV 11 178.68 .88 25.11 13,44 1.88 124.88 -124,08 92 ( 0 APRTHI 

93 PV 11 178.88 .08 25.11 13.44 1.P8 124.88 -1f4.08 93 Q DRPR1H2 



-- LINE DATA -- 
-. LINE D.% -- 

E515 REACT SUSPI 	TYPE 4- P15 F?D 	BUS TO BUS 
j P1.1 Ph A 

a 3 .222 .021 .195 	1 a a 1RA12 4SS 
4L .212 .048 .289 	1 0 .0 ttSS VVA MOTE 

3 4 64 .013 .252 .316 	1 8 .2 V H ULOTE W PT 2 
4 4 73 .204 .018 .255 	1 2 .2 PHPT 2 WERELA 
5 4 .222 .209 .955 	1 0 .0 N CRELA D, PH. ROAD 

.222 .012 .261 	1 2 .2 VaORA R2 r-ttSS 
42 .20' .236 .231 	1 1 .2 U  KRA R2 ALPUR 2 
j .826 .166 	1 0 .005 

 
.2 MA(PUR 2 ¶1AMOHAR 

5 .229 .234 .206 	1 2 .2 MLPUR 2 SA 
. s: s .015 .060 •3o6 	1 2 .2 s lk N6PUR HSSAR 
H :5 67 .236 .224 .146 	1 3 .2 HSSAR BMIWANI 2 

6 .301 .006 .ISB 	I 2 .2 1WAN1 	2 PADRI 
H 6 5 .228 .033 .202 	1 2 .8 b AoR1 VR6OH 
11 65 : .024 .617 .125 	1 2 .0 Q.o?SAO$ 16ALAIGARH 
H 22 39 .024 .226 .112 	1 0 .6 00HAR 2 'SS 

3 43 .26 .134 .215 	1 -1 .8 .SS of 6 0ULAPUP 
43 45 .228 .640 .064 	1 2 .8 ABDULAPUR P. P11 

5 £ 64 .012 its .093 	1 0 ,? PPLI PNPT 2 
42 .226 .232 .208 	I 2 .0 MI: SS .NLPUR 2 

:2 % t ,2114 .071 .113 	1 0 .0 MiSS 4OYINDGARH 
31 .325 .826 .02 	1 2 .2 MrSS R.T.P. 	2 : 42 .013 .067 .107 	1 2 .0 LtSS CHANDIGARH 

.026 XQ .046 	1 2 t#ANDIGARK .LP. 2 
46 ,aas .025 .00 	1 0 .0 eHAHDIGARH RAJFURA 

3: 41 .225 .224 .155 	1 0 12 P.T.P. 	2 q.OYINDGAPH 
.223 .017 .106 	1 0 .0 coVIND6ARH ?11ALA 

49 aoa .239 .0b2 	1 3 QoVIND6ARH 4ALERKOTLA 
47 46 .224 .222 .235 	1 0 .0 PATIAIA kJPURA 29 47 48 .028 .841 .667 	1 8 .2 fATIALA PTA 



0 

2 40 51 .883 .813 .821 	1 8 .8 1 A MAIPIIR 2 4R LTONKLN  
.088 ,141 .161 	1 8 .0 LA LTONKLN HA LERKOTLA 

12 8 	u .115 .124 .154 	1 1 .1 GNATINDA 2 BgRNALA  
jj2. .881 .835 .154 	1 1 .1 BA RNALA SA NSRUR 

14 1 ° .189 .841 .861 	1 8 .0 43A RNALA M.A LERKOTLA 
'` . 52. .885 .826 .842 	1 1 .8 MAI.ERKOTLA 3AN6RUR 

27 24 .889 .044 .281 	1 8 .0 ;tIL S PbN6 S 
24 59 .887 .835 .156 	1 1 .8 Po MG S 04SUYA 

.889 .147 .874  1 1 .1 PA SUVA rALANDHAR 
2 .686 .128 .389 	1 1 .1 P096 S 14 LANDHAR 

42 28 57 .812 .862 .181 	1 1 It SALAI S '14NNU 
41 28 58 .813 .118 .112 	1 8 .0 SALAL S v9 HANPUR 
4 57 56 .115 .175 .121 	1 8 .1 IAMMU S!►RNA 
43 58 56 .828 .184 .166 	1 1 .1 uDHAMPUR 44 RNA 
44 56 59 .885 .124 .154  1 8  - .1 $A RNA OP SOYA 
45 5 5 .818 .658 .888 	1 8 .1 SA RNA %ATALA 
46 5A- .5- .813 .866 .853 	1 1 .1 VERPAL . ALANDNAR 
' 54 55 .887 .838 .861  1 1 .B V RPAL 64TALA 

32 78 .888 .141 .267 	1 8 .1 P4PT(Tl2 WARMANA 
32 64 .888 .814 .156  1 8 .8 P'IPT(T)2 PNPT 2 
78 68 .812 .161 `.t 

 
.896  1 a .8 NARNANA fl SSAR 

=1 t4 66 .818 .191 .147 	1 1 .8 PriPT 2 OADRI 
52 65 78 .823 .115 ,177_ 	1 8 .8 DADRI %'IETRI 
53 68 78 .819 .196 .152 	1 1 .1 HZ 3SAR kHETRI 
54 78 79 .812 .861 .384  1 8 ,8 k.i ETR1 S4IPUR 
55 78 81 .113 .167 ,117  1 1 .0 1(  ETR1 Q EENU6JS 
56 88 79 .811 .154 .187 	1 1 .1 . 	ENUGUS jAIPUR 
57 82 79 .821 .116 .171 	1 8 .0 ALNAR 'JAIPUR 
58 37 82 .824 .121 .192 	1 1 .1 tADARPUR S AUMAR 
59 37 34 .812 .111 .164 	1 8 .1 6 ADARPUR S 4 L.A86ARH 
68 37 77 .881 ,087 .143 	1 1 ,1 ADARPUR S KE)mA1L1 	7 

61 7.7 76 .882 .111 .866 	1 1 .3 KEHRAULI NAJAFGARH 
76 73 .883 .814 .186 	1 B .8 144JAf6ARH NERELA 

63 73 75 .883 .814 .191 	1 1 .8 6RELA PATPAR6ANJ 
64 75 36 .888 .112 .885  1 B .1 PRTPAR6ANJ T.P. 2. 
65 36 37 .881 .186 .139  1 0 .1 T.P. 2. I?ADARPUR S 
~6 72 75 .882 .187 .156  1 8 .8 MRDNGR 2 PATPARSAIN 
67 72 37 .811 .851 .887 	1 1 .8 MONSR 2 'ADARPUR S 
68 67 78 .828 .142 .218 	1 1 .1 ew1YANI2 K.hETRI 
69 23 63 .885 .158 1.538 	1 1 .1 P HAR 4 IAN PT 4 

ri 



A 23 69 .116 .172 1.821 I 8 .8 PEHAR 4 H 1MANI 4 63 71 .112 .017 ,43 1 a .6 Pnl PT 4 MQDh6R 4 
2` 26 ear •bll a2 S a .6 e,ANsUMAL I M.OTLA S 
26 .. 815 832 :7 ; ! .6 'K°1LA S PAR I 
6: cf .826 85; ?'f 1 0 .2 PAR I SI A MRALA 
6; 62 02; 21? .fl; 1 8 .8 SA MRALA T A MALPuR 1 
28 ?I 002 e;? 172 ; 8 .8 .App S Xb TA 

' 31 : .615 .077 •4 6 1 d .2 0 TA ZA IPUR 
1? ; 082 22 '!a! 3 1 8 P,NKAA R2 HKRA(R)6 
a c aae aft aeb 3 2 .6 1 KRA 12 i<3H KRA(L)62 

-~ P  .lab .293 .881 3 3 .8 gH KRA 16 64 KRA L? 
91 2; 888 .185 .fee 3 4 .1 {b,j KRA 16 $ i RAtl1S6 

.881 .96? .121 3 3 .1 QH HAP 2 & HAR 62 
23 5 .88a .8'S .20 3 6 .8 6H  AR 4 BHNAR 64 

a 2' 5 .lab .1Sa .111 3 7 6 p~ N6 S VoN6 6 
J 25 ? ,886 .367 .618 3 8 .! c A N6UWAL I AN6UMAL 6 
9 :4 a .811 .316 .116 3 a .8 U11 	S TLA 6 
67 2' 4 .681 .153 .111 3 18 	- .1 Still S STUL 8 

1! .800 .82 .lee 2 1; .1 5ALAL S .41A16 
!e! .02 08 3 12 .1 QKATINDA 1 DTP GI 

1: 608 .115 ,Pee 3 1 .8 l'14TINDA 2 C N DTP 62 
2 all .06? .886 3 14 .1 6H ATINDA 2 15N ATINDA 1 

31 .181 .856 .8e2 3 IS .8 Q.T.P.  2 R.1,P.6 
32 14 .618 ,115 .111 3 16 .6 &4PTIT12 pt4 PTIT16 
33 15 .101 .811 .181 3 11 .1 FARIDBAD S FA RIDBAD 6 

5 34 3 ,868 •146 881 3 19 .8 0316LA86ARH FAR1DP'D S 
37_ 17 .880 .128 .02! 3 19 .8 9A DARPUR S DAAPUR 6 
23 22 .688 .058 .288 3 2a .0 0 E HAR 4 p CHAR 2 
72 7! .888 .252 .888 3 21 .8 nRDNGR 2 n&DN6R 4 

16 .022 .861 .280 3 22 .8 T. P. 3 . P. 	6 
77 :6 :S .888 .187 .06 3 23 .1 .P.  2. a .P.  3 

68 ."1 .838 .888 3 24 .8 1A MALPUR 2 5 AMALPUR 1 
888 025 .881 3 25 .8 13M IWANI 2 Bm IWAN1 4 

'! 62 .828 .125 .828 3 26 .0 R.T.P.  2 PAR 1 
1 :5 ° .8e8 .839 .888 3 27 .8 q A N6UNAL I µ ZSS 
i15 s~ 63 e86 .631 .686 3 28 .0 P'  PT 2 o^JPT 4 
; a 39 18 .688 .868 .828 3 29 .8 kkPP S RA PP 6 
127 21 83 888 .688 .888 3 36 .8 14 Y,RA 16 i166 
'29 2~ 8 ; .8!! e88 .181 3 31 .8 141KRA 12 6+1228 
Id'+ 19 85 .668 .880 .681 3 32 .8 gK KRA R2 'KH RI 
118 22 86 •886 .888 .881 3 33 .1 j)EHAR 2 ) 4R621 
111 23 87 .628 .ell .881 3 34 .8 D EHAR 4 DH R641 
112 24 280 886 .820 3 35 .8 Po N6 S N6l 
113 31 89 .881 .828 .ale 3 36 .8 PN PT(T)2 PNPTGI 

14 38 ?8 .186 .eels .668 3 37 .1 ATINDV GND621 
115 37 91 .668 .826 .886 3 39 6 M DARPUR S gDAPAH2 

116 " 4: .082 .686 .002 3 9 .8 g A DARPUR S 13VRPRTHI 
1;' =' ?: .282 .882 .zaa 3 42 .! OPIDARPUR S $DRPRTH2 



}}}}}}}}}ffff}#f if# L 0 A 8 F 16 W 901 U T 10 N }}}}f#}}f}fi}##fff#{ 

BUSES 	 LINES 

	

------------------------------------------------•• 	---------------------------------------- 
NG 	NAME 	VOLTAGE 	-&EN/LOAC/PEA/CAP 	 ---L I N E 	F L 0 N S--- REMARK 

	

MW HVAR 	NO NAME 	MW MVAR MVA 

---------------------------------------------------------------------------------------------- 

I 'b 1KRAIRI6 	1.80 PU 	418.720 12.068 GEN 	19 	KRA R2 	406.33 	8.46 486.42 

	

11.80 KV 	5.670 	3.010 LOAD 
8.67 4N6 	.008 	.000 REC 

	

.080 	.008 CAP 
RE MA 

MISMATCH 	1.203 MW 	-.597 MVAR 

2 	KRA(L)62 	1.00 PU 	183.600 	.376 DEN 	28 	KRA 12 	-37.56 	-1.89 	37.58 

	

11,00 Ky 	1.620 	1.330 LOAD 
.00 AND 	.200 	,000 REC 

	

.800 	.8'2E DAF 

MISMATCH -219.544 MM 	-.141 MYAR 

3 6"KRAIL156 	1.00 PU 	91.800 26.115 DEN 	21 	KRA 16 	89.89 	24.73 	93.23 
11.00 KV 	2,430 	1.310 LOAD 
13.90 AR 	.000 	.000 REC 

	

.000 	.000 CAP 
REMARK 

MISMATCH 	,520 MN 	-.05? MVAR 

4 D EHAR 62 	1.08 PU 	146,250 -1.522 DEN 	22 	HAP. 2 	138.49 	-3.05 138.52 
11.08 KV 	2,;39 	1.330 LOAD 
9.60 AN6 	800 	.300 PEC 

	

,008 	.008 CAP 
REMARK 

MISMATCH 	.663 MW 	,197 MVAR 

5 DEHAR 64 	1.20 PU 	-59.776 -5.329 GEN 	23 	HAR 4 	-61.01 	-9.44 	61.73 
11.00 KV 	5.670 	3.010 LOAD 

.00 AN6 	.000 	.000 REC 

	

.008 	.000 CAP 
REMARK 

MISMATCH' 	3.437 MW 	-1.098 MVAR 

6 Po NS 5 	1.00 PU 	155.000 18.?62 DEN 	24 	NO 5 	246.73 	16.02 247,25 
11.00 KV 	5.679 	3.018 LOAD 
11.42 AND 	.804 	.002 REC 

	

.880 	.888 CAP 
REMARK 

MISMATCH 	-2.597 MW 	.071 MVAR 

7 4 NGUWAL 6 	1.02 PU 	65.459 	.06' GEN 	25 	NSUNAL 1 	64.87 	-.53 	64.87 



11.19 KV  .610  .429 LOAD 

6,59 AND 	.888 	,030 REC 
.280  .008 CAP 

REMARK M/LL 

MISMATCH  .21.2 Ml  -.111 MVAR 

8 0 TLA 6  1.01 PU  65.450 	.000 GEN  26 	TLA S  64.86 	-.53 	64.87 
11.15 KV 	.818 	.420 LOAD 
6.31 ANG  .008  .000 REC 

.808 	.888 CAP 
REMARK M/LL 

MISMATCH 	.225 MW 	-.111 MVAR 

9 3z LiL 6 	1.01 PU 	153,800 	.000 6EN 	27 	IL S  149,46 	-.88 149.46 
11.87 KV 	1.620 	.840 LOAD 
14.34 ANG 	.000 	.808 REC 

.000 	.880 CAP 
REMARK MILL 

M1SNA7CH 	-1.918 Ml 	.0;; MV R 

10 S RLAL 6  1.00 PU 	293.250 16.627 GEN  28 	LAL S  282,75 	15.18 283.15 
11.00 KY 	3,240 	1.750 LOAD 
15.25 AN6 	.880 	.888 REC 

.080 	.008 CAP 
REMARK 

MISMATCH  -7.261 MW 	.226 MVAR 

11 	DTP 61 	1.88 PU 	93.508 13.832 GEN 	29 	ATINDA 1 	85.01 	8.98 	85.48 
11.80 KV 	8,910 	4,768 LOAD 

.68 ANG 	.000 	.800 REC 
.080 	.000 CAP 

REMARK 
MISMATCH 	.419 M4 	-.096 M'YAR 

12 G N DTP 62 	1.88 PU 	63.750 26.888 GEN 	30 	ATINDA 2  55.18  22.03' 59.42 
11.08 KY  8.910  4.768 LOAD 
1.41 AND 	.808 	.000 REC 

.000 	.000 CAP 
REMARK 	- 

MISMATCH 	.341 Ml 	-.894 M'YAR 

13  ..':.P.6  1.00 PU  187.000 53.688 GEN 	31 	T.P. 2 	109,70  43.86 175.28 
.11.00 KV  17.9220  9.520 LOAD 

6.85 ANS 	.080  .000 REC 

000 	1.000 CAP 
REMARK 

MISMATCH  .523 Ml 	-.295 MVAR 

14 0 NPT(T)6 	1.08 PU 	164.900 21.687 GEN 	32 	P1(1)2 	158.15 	10.81 158.53 
11.00 KY 	17,820 	9,520 LOAD 
1.63 ANG 	.008 	.000 REC 



.800 CAP 

RE  P4; 

MISMATCH  3.866 NW  -1.361 MVAR 

15 FARIDAAD 6  1.08 PU  114.758 36.154 6EN  33  RIDBAD S 186.87  29.39 118.84 
11.88 KY  11.348  6.896 LOAD 
4.92 AND  .088  .888 REC 

.88@  .888 CAP 

REMARK 
MISMATCH  3.462 MW  -.675 MVAR 

16 1.P. 6  1.88 PU  232.988 118.624 BEN  35  P. 3 '  217.93  97.46 238.73 
11.08 KY  22.680 12.188 LOAD 
6.33 AND  . .0B@  .008 REC 

.@B8  .080 CAP 

REMARK 

MISMATCH  7.712 NW  -,986 MVAR : 

17 4A DARPUR 6 1.08 PU 85.008  7.239 DEN 37 DARPUR S 74.16 -.28 74,16 
11.88 KV 12.558  6.728 LOAD 
2.11 AND .808  .088 REC 

.808  .880 CAP 

REMARK - 
MISMATCH 1.713  MW -.718 MVAR 

18 RR PP 6 1.08 PU 187.088  94.489 BEN 38 PP S 178.70 85.44 198.87 
21,86 KY 16.288  8.680 LOAD 
-8.72 AND .088  .000 REC 

.000  .808 CAP 

REMARK 

MISMATCH 7.908 MW -.372 NYAR 

19 1j KRA R2 1.83 PU .080  .880 DEN 85 RI -93.48 5.65 93.58 
225.88 KY .888  .080 LOAD I KRA(R)6 -486.33 25.28 487.11 
3.43 AND .088  .088 REC 48 MALPUR 2 222.47 27.71 224.19 

.800  .008 CAP 39 SS 288.44 -68.77  286,95 
REMARK 'Y'/VL 

MISMATCH 3.176  MW -2.211 MVAR 

(i &HKRA L2 1.83 PU .888  .800 GEN 84 1228 -91.73 7.74 92.06 
226.12 KY .888  .808 LOAD 21 KRA L6 -182.28 58.75 114.18 
2.98 AND .808  .600 REC 2 KRA(L)62 37.56 3.08 37.68 

.888  .888 CAP 39 S. 161.31 -35.45  165.16 
REMARK V/VL 

MISMATCH 4.862 NW -5b  MVAR 

.& QHKRA L6 .99 PU .900  .002 GEN 83 166 -91.73 -6.67 91.97 

65.22 KV 79.388  33.258 LOAD 3 KRACU B6 -89.89 -28.16 92.12 
11.17  AND .B80  .800 REC 28 KRA 12 102.28 -33.48 107.62 

.808  .000 CAP 

REMARK; 

i 



MISMATCH 	842 M;I  -27.063 MVAR : 

22 DEHAR 2 1.03 PU .008 	.888 GEN 86 RG21 -148.85 16.52 141.82 
227,01 KY 28.350 	15.190 LOAD 23 HAR 4 124,89 -39.67 138.27 
4.12 ANG ,800 	.808 REC 4 HAR 62 -138.48 16.36 139.45 

,888  .800 CAP 39 55 129.28 -9.49 	129.63 
REMARK V/VL 

MISMATCH 3.188 MW -1.089 MVAR 

23 PCHAR 4 135 PU ,889 	,888 SEN 87 R641 -139.98 10.70 148,39 
421,85 KV ,880  .888 LOAD 22 HAR 2 -124.89 47.56 132.89 

.99 A46 ,008  ,088 REC 5 HAR 64 61.81 18.48 61.89 
.808  .008 CAP 69 IWANI 	4 156.13 12.78 156.65 

REMARK VI'VL 63 PT 4 52.67 -83.22 98.48 
MISMATCH 5,743 MSI -1.856 MVAR 

24 9 O N6 5 1.00 PU .088 	,888 BEN 8B NG1 -51.15 1.36 51.17 
219,68 KV .008 	,880 LOAD 6 NG 6 -246.73 5.99. 246.81 
6.31 ANG ,808  .009 REC 53 LANDHAR 317.23 -8.48 317.34 

.008  ,888 CAP 59 SUVA, 122.86 8.82 123.17 
REMARK 27 Il S -146,78 -6.37 148.91 

MISMATCH -6,573 MW 1.328 MVAR 

25 q A NSUWAL 1 1.02 PU .800  ,808 GEM 39 SS 7,29 -17,02 	18.52 
134.75 KV .808 	.008 LOAD 7 NOUWAL 6 -64,87 5,25 65.88 
2.44 AN6 .001 	.800 REC 26 TLA S 59.74 9.56 60.50 

,808 	.808 CAP 
REMARK V/VL 

MISMATCH 2,162 MW -2,212 M'YAR 

26 	.DTLA 5 1,82 PU .008  .800 GEN 8 TLA 6 -64.86 5.29 65.08 
134.19 KY ,008 	.880 LOAD 62 PAR 	1 124,38 4.81 124.47 
2.11 ANG .800  .808 REC 25 NGUWAL 1 -59.55 -18.08 68.39 

,008  ,080 CAP 
REMARK V/VL 

MISMATCH -.034 Ml ,824 MYAR 

° 	27 S uIL S 1.01 PU .808 	.880 GEN 9 UL S -149.46 11°84 149.95 
222,19 KY ,888  .000 LOAD 24 NG S 150.72 -12.19 151.21 
18.04 ANS .008  ,880 REC 

.800  .000 CAP 
REMARK V/YL 

MISMATCH 1.253 MM -,152 MVAR 

28 S ALAL 5 	1.88 PU 	.000 	.800 GEN _ 10 	LAL 6 	-282,75 	6.68 282,83 
219,75 KY 	,888 	,888 LOAD 	58 	HAMPUR 	137,49 	-6.94 137,67 
18.84 ANE 	,000 	.000 REC 	57 	MMU 	135,05 	2,48 135,07 

	

888 	.008 CAP 
PEMs,RP; 

MISMATCH -18.202 MW 	2,139 M'YAR 



29 SHATINDA 1 	1.82 PU 	.808 	.000 GEN 	30 	ATINDA 2 -84.18 -16.18 	85.64 

	

134.68 KY 	178.108 91.008 LOAD 	11 	DTP 61 	-85.81 	-2.25 	85.04 

	

-3.91 AN6 	.800 	.888 REC 
.000 70.800 CAP 

REMARK V/VL 
•: MISMATCH 	.993 MW 	-.218 MVAR 

30 8N ATINDA 2 	1.03 PU 	.800 	.080 BEN 	98 	0621 	-54.75 -19.80 	57.63 

	

225.62 KY 	.000 	.088 LOAD 	29 	ATINDA 1 	84.18 	18.61 	86.13 
-2.32 ANG 	its 	.000 REC 	12 	DTP 62 	-55.18 -17.97 	58.83 

.000 	.880 CAP 	51 	RNALA 	27.38 	16.56 	31.93 
REMARK V/VL 

MISMATCH 	1,469 MW 	-.887 MVAR 

31 R.T.P. 2 	1.83 PU 	.088 	.888 GEN 	62 	PAR 1 	18.67 	26.87 	32.72 

	

226.38 KY 	.880 	.088 LOAD 	13 	T.P.6 	-169.78 -26.59 171.77 
1.27 ANG 	.802 	.008 REC 	41 	VINDBARH 135.97 -11.82 136.41 

.882 	,.000 CAP 	42 	ANDIGARH 	85.81 	-9.87 	85.58 
REMARK, V/VL 39 58 	-66,70 18.24 69.15 

MISMATCH 	3.238 MN 	-2,361 MVAR 

3 2 PMPTIT)2 	1,05 PU 	.000 	.000 BEN 	89 	PTG1 	-72.81 	.92 	72.82 

	

230.43 KV 	.000 	.800 LOAD 	14 	PT(T16 	-158.15 	2.22 150.16 

-3.34 ANG. 	.000 	.000 REC 	64 	PT 2 	88.92 -21.17 	91.41 

008 	.800 CAP 	18 	RWANA 	181.65 	-9.44 181.84 

REMARK V/VL 
MISMATCH 6` 4 5 o hM 	- ¶'t  MVAR ; 

33 URIDBAD $ 	1.01 PU 	.800 	.888 GEN 	34 	LABGARN 	189.47 	20.62 110.41 
66.82 KY 	.008 	.808 LOAD 	15 	RIDBAD 6 -126.87 -21.16 108.95 
.74 AN6 	.808 	.008 REC 

.000 	.808 CAP 
REMARK V/VL 

MISMATCH 	1.596 MM 	-.547 MVAR 

734, V LA86ARN 	1.05 PU 	.808 	,880 BEN 	33 	RIDBAD S -108.47 -10.69 108.99 

238.87 KY 	202,580 108.500 LOAD 	37 	DARPUR S -211,48 -18.43 212.26 

-4.39 ANG 	.800 	.008 REC 	65 	RGAON 	148.77 =20.91 150.23 

.008 72,808 CAP 
REOK V/VL 

MISMATCH 	'1.398 MW 	- •-9ot' MVAR 

35 Z.P. 3 	1.82 PU 	- .800 	.080 GEN 	36 	P. 2. 	104.52 	18.97 106.23 

53,69 KY 	113.488 68.698 LOAD 	16 	P. 6 	-217.93 -79.92 232.13 

2.37 ANG 	.800 	.000 REC 

.088 	.000 CAP 
REMARK V/VL 

MISMATCH 	-.013 MN 	-.260 MVAR 

36 i,P. 2. 	1.06 PU 	.002 	.622 BEN 	- 35 	P. 3 	-184.52, -8.85 104.89 



	

232.88 KY 	81,088 43.408 LOAD 	37 	DARPUR S 	83.04 	41.68 	92.88 
-3.87 ANG 	.800 	,888 REC 	75 	TPARSANJ 	99.78 -58.89 112.01 

.080 1p`.CAP 
RE A4 Vi VL 

MISMATCH . S 4 5A M0 	'd ••65o MVAR : 

3 	DARPUR 5 	1.85 PU 	.008 	.008 GEN 	93 	RPRTH2 	-143.79 	14.15 144.49 

	

232.18 KY 	.808 	.088 LOAD 	92 	RPRTHI 	-143.79 	14.15 144.49 

	

-3.32 ANG 	.800 	.008 REC 	91 	RPRH2 	-71,94 	7.84 	72.28 
.088 	.008 CAP 	17 	DARPUR 6 -74.1.6 	7,24 	74.52 

REMARK 	V/VL 	72 	DNGR 2 	-34,58 -14.59 	37.46 
MISMATCH 	29,311 MM 	-11.649 MVAR 

38 RA PP S 	1.01 PU 	.888 	.BBB SEW 	18 	PP 6 	-178.78 -63.78 189.74 

	

221.29 KV 	81.888 43.488 LOAD 	81 	TA 	128.81 	13,65 128.73 

	

-14.83 ANG 	.089 	.888 REC 
,088 	,808 CAP 

REMARK V/VL 
MISMATCH 	30,389 MW 	-6.736 MVFR 

39 ns 9S 	1.83 Pu 	.000 	.088_GEN 	25 	NGUKAL 1 	-7.29 	17.15 	18.64 

	

225.99 KV 	.000 	.808 LOAD 	42 	ANDIGARH 	63.38 -16.06 	65,38 

	

2.28 ANG 	.008 	.808 REC 	31 	T.P. 2 	66.94 -21.49 	78,31 
.808 	.008 CAP 	41 	VINDGARH 	71,76 -13,36 	72.98 

REMARK 	V/VL 	40 	MALPUR 2 158.65 	46.89 165.43 
MISMATCH ' ,992 MN 	-641 MVAR : 

40 IA MALPUR 2 	1.88 PU 	.000 	.000 GEN 	60 	MALPUR I 	34.86 	8,12 	35.82 

	

228.85 KV 	218.608 112.778 LOAD 	58 	LTONKLN 	98.89 -31,75 	96.27 

	

-.37 ANG 	.008 	.008 REC 	39 	SS 	-156.92 -59.50 167.82 
.088 18.808 CAP 	52 	NGRUR 	128.56 -77,84 143.58 

REMARK VIVL 53 LANDHAR -88.42 98.99 121.43 
MISMATCH 	-.258 Mil 	-1.267 MVAR 

41 GO VINDSARH 	1.82 PU 	.008 	.088 GEN 	49 	LERKOTLA 	76.62 	9.57 	77.21 

	

225.26 KV 	48,580 21.788 LOAD 	47 	TIALA 	91.84 	-5.88 	91.18 

	

-.53 ANG 	.008 ' .888 REC 	31 	T.P. 2 	-135.14 • -1.86 135.14 
.808 38.888 CAP 	39 	SS 	-71.88 	4.94 	71.25 

REMARK V/VL 
MISMATCH 	1.948 MW 	-1.382 MVAR 

42 CH ANDIBARH 	1.53 PU 
225.88 K'J 

-.09 ANG 

: MISMATCH 

	

.808 	.888 GEN 	46 	JPURA 	67.88 	-5.56 	67.31 
81.808 43.480 LOAD 	31 	T.P. 7 	-84.62 	6.99 	84.91 

	

.008 	.800 REC 	39 	SS 	-62.86 	7.39 	63.38 
,888 58.880 CAP 

REMARK V/VL 
.597 MM 	-.495 MVAR 

43 P. DULAPUR 	1.83 PU 	.808 	.888 GEN 	45 	PLI 	16.23 -19.57 	25.43 

	

226.27 KV 	64.808 34.720 LOAD 	39 	SS 	-77.95 	9.33 	78.50 
-3.67 ANG 	.080 	.008 REC 

n 



.000 25.008 CAP 
REMARK 	V/VL 

MISMATCH 	3,086 MM 	-1.968 MVAR 

44 'PH ULKDTE 	1.04 PU 	.880 	.000 GEN 	64 	PT 2 

	

229.83 KY 	72,698 38.648 LOAD 	39 	SS 
-1.59 AND 	.088 	.880 REC 

.088 45.800 CAP 
REMARK V/VL 

MISMATCH 	2.876 MM 	-1.731 MVAR 

64.56 -44.96 78.67 
-133.77 53.36 144.82 

45 Ps PLI 	1.83 PU 	.008 	.808 BEN 	64 	PT 2 	-22.36 -25.86 	33.58 

	

227.38 KY 	48.588 21.780 LOAD 	43 	DULAPUR 	-16.19 	12,91 	28.71 
-4.89 AND 	.888 	.888 REC 

.888 18.088 CAP 
REMARK V(VL 

MISMATCH 	1,947 MN 	-1.127 MVAR 

46 RAJPURA 	1.82 PU 	.888 	.808 DEN 	47 	TIALA 	31.31 	8.83 	32.54 

	

225,41 KV 	36,458 19.538 LOAD 	42 	ANDI6ARH -66.88 	2.44 	66.92 
-1.82 AND 	.288 	.802 REC 

.888 38.008 CAP 
REMARK V/YL 

MISMATCH 	.894 MW 	-.692 MVAR 

47 P ATIALA 	1.82 PU 	.088 	.888 GEN 	48 	IRAN 	40,83 	5.04 	41.14 

	

224.64 KV 	81.828 43.480 LOAD 	46 	JPURA 	-31.27 -12.25 	33.58 
-1.36 AND 	.000 	.000 REC 	41 	VINDSARH -90.79 	-4.73 	98.91 

.000 30.888 CAP 
REMARK V/YL 

MISMATCH 	-.226 MN 	.189 MVAR 

48 PATRAt 	1.01 PU 	,888 	.000 6EN 	41 	TIALA 	-48.69 -11.25 	42.22 

	

223,18 KY 	40.500 21.708 LOAD 
-2.26 AND 	.888 	.080 REC 

.808 18.808 CAP 
REMARK V/VL 

MISMATCH 	-.194 MW 	.159 MVAR 

49 	1ALERKOTLA 	1.81 PU .800 .008 GEN 52 NSRUR 57.54 -14.12 59.25 
223.88 KY 40.588 21.708 LOAD 51 RNALA 18.29 -18,79 26.22 
-2.}3 AND .000 .808 REC 58 ITONKLN -37.43 33.66 50.34 

.808 10.008 CAP 41 VINDSARH -76.17 -13,78 77.41 
REMARK V/VL 

MISMATCH 2,738 MW -1.596 MVAR 

50 L. LTONKLN 	1.08 PU 	.000 	.008 GEN 	49 	LERKOTLA 	37.64 -38.63 	53.94 

	

220.45 KY 	52.658 28.218 LOAD 	48 	MALPUR 2 -90.65 	30.93 	95.78 
-1.11 AND 	.800 	.888 REC 

.088 28.008 CAP 
REMARK V/VL 

0 



U 

MISMATCH 	-.368 MM 	.425 MYAR 

51 >SARNALA 1.02 PU .986 	.286 GEN 49 LERKOTLA -18.25 12.87 22.33 
224.88 KY 24.308 	13,820 LOAD 52 N6RUR 21.75 6.11 22.59 
-2.61 ANG .088 	.800 REC 30 ATINDA 2 -2).24 -32.33 42.28 

.808 	.888 CAP 
REMARK 	V/VL 

MISMATCH .566 MY 	-.333 MVAR . 

52 SA NGRUR 1.81 PU .888 	.888 GEN 49 LERKOTLA -57.37 18.68 58.35 
223.67 KV 72,900 	39.068 LOAD 51 RNALA -21.71 -11.54 24.59 
-3.88 ANG .080 	.808 REC 68 SSAR 126.85 -76.49 148.12 

.090 	25,808 CAP 40 MALPUR 2 -118.93 63.42 134,79 
REMARK 	V/VL 

MISMATCH 1.731 	MN 	-.573 MVAR 

53 3ArLANDHAR .98 PU .800 	.888 GEN 54 RPAL 41,26 9.86 41.27 
215.33 KY 	283.508 151.901 LOAD 24 NG S -319.76 -1.29 310.76 

1.15 ANG .888 	.008 REC 59 SUYA -96.67 1.26 96.68 
.800 	68.808 CAP 48 MALPUR 2, 61.25 -182.98 131.17 

REMARK 
MISMATCH -2,425 MW 	.464 MYAR 

54 VERPAL .97 PU .006 	.000 GEN 55 TALA -35.29 2.35 35.37 
212.49 KV . 72.908 	39.868 LOAD 53 LANDHAR -40.02 -12.87 42.04 

-.37 AND .808 	.000 REC 
.988 	30.800 CAP 

REMARK 
MISMATCH -2,418 MW 	,552 MYAR 

55 B4TALA .97 PU .880 	.800 GEN 54 RPAL 35.39 -7.54 36.19 
212.66 KV 64.880 	34.720 LOAD 56 RNA -181.77 -8.83 182.89 

.48 ANG .080 	.BBB REC 
,888 	28,888 CAP 

REMARK 

MISMATCH -1.588 MW 	.471 MVAR 

56 9A RNA .98 PU .888 	.080 GEN 55 TALA 182.86. 6.80 103.83 

215.72 KY 64.888 	34.128 LOAD 59 SUVA -26.82 -26.94 38,81 

3.53 ANG .888 	.088 REC 58 HAMPUR -94.19 2.28 94.82 

.888 	20.088 CAP 57 MMU -52,14 4.96 53.02 

REMARK 

MISMATCH -6.732 MY 	1,784 MVAR 

57 7A MMU ,98 PU .000 	.800 GEN 56 RNA 53.23 -14.27 55.11 

215.86 KY 81.808 	43.400 LOAD 28 LAL S -132.88 -.74 132.89 

5,97 ANG .000 	.608 REC 
.080 	38.000 CAP 

REMARK 
MISMATCH 1,434 MW 	-.490 MVAR 



5B UPHAMPUR ,99 PU ,080  ,000 GEN 56 RNA 96.72 -8.62 97.10 
218.84 KY 43.748  23.450 LOAD 28 LAL S -136.85 -.87 136.85 
9.45 ANG ,800  .088 REC 

.088  15.808 CAP 
REMARK 

MISMATCH 3.607 MW -.885 MVAR 

59 1ASUYA .99 PU .088  .080 BEN 56 RNA 26.87 12.28 29.54 
217.86 KY .808  ,088 LOAD 53 LANDHAR 97.57 -3.88 97.65 
3.85 ANG .808  .608 REC 24 N6 S -121.82 -8.99 122.15 

.888  .808 CAP 
REMARK 

MISMATCH 2,625 MM -.592 MVAR 

68 1AMALPUR 1 .97 PU .680  .888 GEN 40 MALPUR 2 -34.06 -7.62 34.91 
127.77 KY 40.500  21.780 LOAD 61 MRALA -6.36, -14.38 15.73 
-1.17 AN6 .880  .808 REC 

.888  .880 CAP 
REMARK 

MISMATCH .876 MM -.381 MVAR 

61 SAMRALA .97 PU .808  .888 GEN 68. MALPUR 1 6.41 11.55 13.28 
128.66 KY 40.588  21.788 LOAD 62 PAR 1 -46.71 -19.26 58.52 
-1.18 ANG .880  .000 REC` 

.808  15.080 CAP 
REMARK 

MISMATCH .194 	M8 -.268 MVAR 

62  PAR 1 1.91 PU .880  .088 GEN 31 T.P.  2 -18.67 -25.61 31.69 
131.55 KY 93.158  49.918 LOAD 61 MRALA 47.48 16.65 58.24 
-.04 ANG .806  .080 REC 26 TLA S -122.14 -5.86 122.26 

.888  35.808 CAP 
REMARK 

MISMATCH -.259 MW .331 MVAR 

63 PNPT 4 1.85 PU .000  .008 GEN 64 PT 2 174.45 18.97 174.79 
419.77 KY .000  .000 LOAD 71 DNSR 4 -184.64 -4.70 104.75 
-.70 ANG .800  65.088 REC 23 HAR 4 -52.54 -65.23 180.12 

.080  .888 CAP 

REMARK V/VL 

MISMATCH 17.260 MW -7.377 MVAR 

64 PN PT 2 1.85 PU .880  .888 GEN 63 PT 4 -174.45 -2.34 174,46 
230.44 KV 145.888  78.128 LOAD 66 DRI 80.98 -16,54 82.65 
-3.52 ANG .008  .008 REC 32 PT(T)2 -88.87 15.31 98.17 

.888  ̀ R..2 Z_CAP 45 PLI 22,46 15.46 27.26 
REMHR  - V/VL 73 RELA 74.33 -46.65 87.75 

MISMATCH -3.720 MW 1.358 MVAR 

65 GORSAON 1.05 PU .000  .000 GEN 34 LABSARH -147.92 12.79 148,47 

0 



	

230.15 KY 	52.658 28.218 LOAD  66 	DRI  96.99 -25.12 186.19 

	

-5.73 ANG  .108 	.888 REC 
.880 15.888 CAP 

REMARK V/VL 
MISMATCH  1.722 MW  -.534 MVAR 

66 OW] 	1.84 PU 	.008 	.000 DEN  78 	ETRI 	73.58 	.72 	73.58 

	

229.55 KV 	162.888 86.888 LOAD  64 	PT 2 	-79,89 	5.99 	86.11 

 

-7.48 AND 	.088 	.888 REC  65 	RBADN  -96.26 	5.96 	96.44 

	

.808 70' CAP_ 	67 	IWANI 2 	-33.28 -36.87 	49.61 
k!_iSRRK V/VL 

MISMATCH .26.229 MW 	--1-o f MVAR 

67 HIMANI 2 	1.85 PU 	.808 	.808 DEN 	69 	IWANI 4 -151.79 -73.69 '168.74 

	

230.83 KV 	28.358 15.198 LOAD  78 	ETRI  61.35 	-2.87 	61.39 

	

-7.39 AND 	.880 	.088 REC 	66 	DRI 	33.23 	19.70 	38.63 
.888 	.888 CAP 	68 	SSAR 	33.57 	48.16 	52.34 

• REMARK V/VL 
MISMATCH  4.709 MW  -.710.MVAR 

68 h SSAR  1.83 PU 	.808 	.080 GEN 	78 	ETRI  81.83 	-6.48 	82.88 

	

221.28 KV 	89.188 47.748 LOAD  78 	RNANA  -18.98 	-4.47 	11.85 

	

-7.66 AND 	.800 	.008 REC  67  IWANI 2 	-33.38 55.12 	64.44 

	

.088 38.808 CAP  52 	MGRUR 	-123.99 	49.52 133.52 
REMARK V/VL 

MISMATCH  2.576 MW  -.726 MVAR 

69 	IWANI 4 	.97 PU 	.088 	.808 GEN 	67 	IWANI 2 	151.79 	81.57 172.32 

	

388.29 KV 	.000 	.808 LOAD  23 	HAP 4 	-154.81 -175.18 233.25 

	

-5.04 AND 	.000 100.800 REC 
.880 	.608 CAP 

REMARK 

MISMATCH  -2.216 MW  .619 MVAR 

78 N ARNANA  1.03 PU 	.888 	.888 DEN  68 	SSAR  18.99 	-5.75 	12.48 

	

227.39 KV 	166.856 88.98% LOAD  32 	PTUT12 	-179.18 	-7.88 179.32 

 

°7.31 AND 	.888 	.808 REC 
.888 78.90 CAP 

REnpr.r, V/VL 

MISMATCH  -2.142 MW  1.366 MVAR 

71 M RDHGR 4 	i,5 PU 	298.358 	.88% BEN 	72 	DNGR 2 	199.51 	45.63 284.66 

	

418.97 KV 	.880 	.000 LOAD 	63 	PT 4 	104.80 -47.72 115.15 

	

.25 AND  .800  .888 REC 

	

.808 	•0P,8 CAP 
REMARK MILL 

MISMATCH 	5.957 MN 	-2.886 MVAR ; 

	

7 2 MRDNGR 2 	1.86 PU 	all 	all DEN  71 	DNGR 4 	-199.51 -35.78 202.68 

	

233.91 KV 	. .088  .888 LOAD  37 	DARPUR S 	34.62 	5.46 	35.85 
-2.49 AND  .008 	.888 REC  75.. _TPARSANJ 198.63 	13.12 191.13 



	

888 	.888 CAP 
REMARK V/VL 

	

MISMATCH 	25,746 MW 	-16.527 MYAR 

7' IERELA 	1.05 PU 	.008 	.000 GEN 	75 	TPARGANJ -161.85 -36.97 165.24 

	

21.85 KY 	162.808 86.800 LOAD 	76 	JAFGARH 	28.88 	-8.54 	21.82 

	

-4.38 ANG 	.888 	.000 REC 	74 	RH.ROAD 	99.64 	-3.97 	99.72 
.808 88.888 	AP 	64 	PT 2 	-74.87 	19.75 	76.66 

R 1RARK Y/VL 

	

MISMATCH 	'►' 560 `1W - %•' 	NVAR 

74 P.RH.RDAD 	1.05 PU 	.888 	.888 GEN 	73 	RELA 	-99,44 	-1.21 	99,45 

	

238.61 KV 	93.158 49,918 LOAD 

	

-4.77 ANG 	.808 	.888 REC 
.888 48.880 CAP 

REMARK V/VL 

	

: MISMATCH 	-6.288 MW 	4.685 MVAR 

IS P ATPARGANJ 	1.86 PU 	.888 	.888 GEN 	72 	DNGR 2 	-198.14 -28.94 192.33 

	

232.99 MV 	76.958 41.238 LOAD 	36 	P. 2. 	-99.75 	50.49 111.80 

	

-3.17 ANG 	.088 	.008 REC 	73 	RELA 	161.74 	38.33 164.56 
.880 55.880 CAP 

	

Rc 	4/VL 

	

MISMATCH -~o• os i' MW 	q• 95b MVAR 

76 ►VAJAF&ARH 	1.85 PU 	..888 	.888 GEN 	73 	RELR 	-28.87 	-1,11 	28.18 

	

231.85 MV 	89.188 47.748 LOAD 	77 	HRAULI 	-54,85 -11,82 	55.17 

	

-4.45 ANG 	.888 	all REC 
.880 48.808 CAP 

REMARK V/VL 

	

MISMATCH 	14,979 MM 	-8.511 MVAR : 

77 MEHRAULI  1.05 PU  .a00  .808 BEN  76  JAFGARH  54.11  4.81  54.26 

	

231.45 XV 	174.158 93.240 LOAD 	37 	DARPUR S -243,75 	.54 243.75 

	

-4.16 ANG 	.808 	.888 REC 
.888 8A pPA CAP 

	

R11 	V/VL 

	

MISMATCH -15.494 MM 	9.246 MYAR 

78 KI ETR1 	1.82 PU 	.888 	.808 GEN 	67 	IWANI 2 	-68,36 -16.11 	62.47 

	

224.16 MV 	76.958 41.230 LOAD 	88 	ENUGUS 	62.91 	8.45 	63,47 

	

-11.93 ANG 	.888 	.088 REC 	79 	IPUR 	80.61 	-7.49 	80.96 

	

.888 10.000 CAP 	68 	SEAR 	-80.64 	-3.56 	88.72 
REMARK Y/VL 66 DRI  -72,42 -13.68 73.70 

	

MISMATCH 	7,853 MW 	-1,546 MVAR 

79 	AIPUR 	1.60 PU 	.088 	.006 GEN 	81 	TA 	25,27 -25.33 	35.78 

	

128.73 MV 	137.708 73.780 LOAD 	82 	WAR 	-61.59 -23,11 	65.78 
•-14.55 ANG 	.008 	.000 REC 	88 	ENUGUS 	-11.28 	-.34 	11.21 

	

,888 	all CAP 	78 	ETRI 	-79.85 -27.93 	84.68 
REMARK, V/YL 

0 



: MISMATCH  18.331 MY  -2.923 MVAR : 

Be Rf ENU6US 	1.89 PU 	.888 	.111 BEN 	79 	IPUR 	11.22 	-8.31 	13.96 
220.52 KY 	48.688 26.949 LOAD 	78 	ETRI 	-62.38 -16.71 	64.58 
-14.18 AN8 	.888 	.888 REC 

.888 	,888 CAP 
REMARK V/VL 

MISMATCH 	-2,568 MW  1.821 MVAR 

81 I(OTA 	1.88 PU 	.889 	.@B@ BEN 	79 	IPUR 	-25.18 -22.96 	34.88 
271.88 KY 	148.948 75.468 LOAD 	38 	PP S 	-127.62 -28.99 138.88 
-15.67 AND  .888 	.889 REC 

.888 28.888 CAP 
REMARK V/VL 

MISMATCH -11.864 MW 	3.494 MVAR 

82 ALWAR 	1.83 PU 	.888 	all BEN 	37 	DARPUR S -128.51 	3.44 128.56  
227.38 KV  56.708 38.388 LOAD 	79 	IPUR 	62.43 	9.68 	63.16 
-17.18 AND 	.888 	.888 REC 

,888 48.888 CAP 
REMARK V/VL 

MISMATCH 	-1.385 MW  .698 MVAR 

83 I16& 	1.88 PU 	91.888 15.883 BEN  21  KRA Lb  91.73 	15.77 	93.87 
11.86 KV 	.898 	.888 LOAD 
16.76 AND  .888 	.888 REC 

	

.888 	,888 CAP 
REMARK 

MISMATCH  -.873 MW  -.833 MVAR 

84 4 11228 	1.09 PU 	91.888 	3.678 DEN 	28 	KRA 12 	91.73 	3.64 	91.88 
11, 88 KV 	,888 	,888 LOAD 
9,99 AND  .884 	,899 REC 

	

,888 	,888 CAP 
REMARK 

MISMATCH  -.869 MW  -.838 MVAR 

85 &'R1 	1.11 PU 	93,588 	1,496 BEN  19 	KRA R2 	93.48 	1.46 	93,42 
11,88 KV  .888 	.888 LOAD 
8.29 AND  .888  ,@@@ REC 

	

,888 	.888 CAP 
REMARK 

MISMATCH  -,895 MW  -.832 MVAR 

86 DNR82I 	1,66 PU 	148,250 -2,814 DEN 	22 	HAR 2 	149.65 	-2.9@ 148,68 
11.89 KV  .988 	.888 LOAD 
9,66 AND 	.888 	.888 REC 

.888 	,888 CAP 
REMARK 

MISMATCH  -,281 MW  -,884 MVAR 



87 IMR641 1.88 PU  148,258  4.212 GEN 23 HAR 4 139.98 4.89 148.04 
11.88 KV ,808  .080 LOAD 
b.92 AN6 .808  .888 REC 

.088  ,088 CAP 
REMARK 

MISMATCH -.269 NM  -.125 MVAR 

88 $91 1.88 PU 51.888  3.307 6€N 24 N6 5 51.15 3.37 51.26 
11.88 KV .880  .888 LOAD 
11.68 AN6 .808  .800 REC 

.008  .888 CAP 
REMARK 

MISMATCH .152 MN  .862 MVAR 

99 PN PTS1 1.89 PU 82.118  18.137 GEN 32 P1(112 72.81 5.21 73.88 
11.88 KV 8.918  4.761 LOAD 
1.48 AN6 .801  .898 REC 

.898  .880 CAP 
REMARK 

MISMATCH -.447 MY  -.167 MVAR 

90 G 0 D621 1.80 PU 63.758  26.794 GEN 30 ATINDA 2 54.75 22.81 59.81 
11.08 KV 8.910  4.768 LOAD 

1.38 AN6 .208  .888 REC 
.080  .800 CAP 

REMARK 

MISMATCH -.091 NN  -.828 NVAR 

91 b➢  9PRH2 1.88 PU 85.888  6.659 GEN 37 DARPUR S 71.94 -.41 11.94 

11.88 KV 12.558  6.868 LOAD 

1.95 AN6 .800  .888 BEE 
.888  .818 CAP 

REMARK 

MISMATCH -.514 MW  -.296 MVAR 

92 BDAPRTH1 1.88 PU 178.880  12,118 GEN 37 DARPUR S 143.79 -1,74 143.80 

11.88 KV 25.118  13.448 LOAD 

1.61 AN6 .888  .800 REC 
.889  .826 CAP 

REMARK 

MISMATCH -1.899 MM  -.411 MVAR 

93 UDAFRTH2 1.88 PU 178.888  12.116 GEN 37 DARPUR 5 143.79 -1.74 143.89 

11.88 KV 25.118  13.448 LOAD 

1.61 AN6 .888  .888 REC 
.888  .888 CAP 

REMARK 

MISMATCH -1.899 MW  -.411 MVAR 

' 	i_ 



Distance, under voltage and loss of excitation relays 

have been modeled in the simulator. If required then they 

can be very easily put to use. The total simulation time 

of the system is specified in an input data file (SYSCON. 

DAT). The equivalent admittance matrix for the faulted and 
unfaulted transmission networks are obtained using a net-
work reduction program and are stored in a file identified 

by (unit = NRDE) . 

5.1  RRSUI TS AND DISCUSSIONS 

The power system simulator is developed, for the dynamic 
simulation of power system and its behaviour under various 
system disturbance conditions are observed and recorded. 
Different system conditions can be applied on the power 
system for varying period of time. All this can be specified 
through an input data file. The various system conditions 
considered here are as follows - (i) Three phase bus fault 
(ii) Three phase line fault (iii) Loss of excitation (iv) 
Load change (v) Three phase bus fault cleared. In this 
section behaviour under (i), (iii),(iv) and (v);sy.stem_condi- 
tions have been included. 

RFS 	- In this case a three phase bus fault has been 
applied on the load bus no. 33. The name of this buses is 
FARIDABADS. The time for which this fault is applied is 
0.10 seconds. That is, after D.lo secs the system condition 
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(v) is applied. Thus the three phase fault is cleared at 

0.10 seconds after it has occurred at 0.0 seconds. The 

swing curve for the generator of the bus 'connected to the 

above load bus where the fault was applied is recorded. 

The bus name and no are FARIDABADG and 35 respectively. 

It has been provided in this section. From this curve we 
observe that the rotor angle increases sharply for the 

time during which the fault was applied but after it is 
cleared, it starts oscillating about the equilibrium state. 
The frequency and the amplitude of the oscillations are 
decreasing with increasing time. This suggests that the 
generator is slowly reaching the stable state. The simula-
tion was carried out for 2-.0 seconds. Increasing the total 
simulation time of the power system increases the execution 
time of the program. Therefore a trade-off is necessary 
between the two. For a five seconds simulation time the 

execution time was observed to be 40 minutes. For the system 
to be stable it is important that the fault is cleared before 
the critical clearing time. The swing curve of some of the 
Generators havebeen drawn for this case. A time scale of 
2.0 seconds is taken for these curves. All these curves 

suggest that the system is stable. 

RESULT 2  - In this case a field fault is applied on the 

generator of the Dus no 13. The name of this generator bus 
is R.T.P.G. In order to identify the fault a loss of exci-
tation relay is provided in this bus. The field circuit 
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fault can be of two types. It can either be open circuited 

or short circuited. The short circuited case is provided 

here. The fault is applied at 0.0 seconds. The time delay 

of the relay is fixed at 0.40 seconds. The total time for 

which the fault is observed is 3.0 seconds. From the IWLDL 

curve drawn for this generator bus it can be observed that 

the loss of excitation of the generator for 3.0 seconds 

makes the system unstable. This can be identified by the 

constantly increasing rotor angle with time. A plot for the 

apparant impedance characteristic for the field fault gene -

rator bus is also provided. The equivalent generator impe - 

dances follows a path from the first quadrant to the fourth 

quadrant as can be observed in the graph. When the exci-

tation is severely reduced it enters a region of the fourth 

quadrant which is encompassed within the characteristic of 

the loss of excitation relay. The impedance characteristic 

enters the region after 2.25 seconds as can be observed from 

the graph. By this time the system has become unstable. 

Speed deviation, terminal, voltage and reactive power curves 

have also been provided. 

Another example has been taken for the loss of exci- 

tation system condition. This time the field fault is applied 

on the bus GN DTP (bus no.11) . The short circuited case has 

been taken here too. The rotor angle, reactive power, terminal 

voltage and speed deviation curves are drawn. In this case also 
the relay fails to trip before the system becomes unstable. 



The impedance and relay characteristics are also included 

in this section. From this curve it is observed that the 

impedance characteristic enters the outer circle of the 

relay characteristic after 2.0 seconds. A time delay of 

0.80 seconds is provided. The impedance characteristic 

enters the inner circle at 2.79 seconds. 

RSSU1T.3- When a large load of 202.50 MW and 180.50 MVAR 

is suddenly removed from the system, large oscillations 

are observed in the rotor of the generator bus connected 
to it, and the system becomes unstable after some time. 

But when a small load of 24.30 MW and 13.02  MVAR is removed 

from the system, itssynchronism gets restored after a time 
of 2.j) seconds. This can be shown by the swing: curve of 

the generator bus connected to the load bus. The name of 
this load bus is BARN.AI A (bus no $l) and the name of the 
generator bus is R.T.P.G.(bus no.13). 

Load flow results have also been included here. 

Active and Reactive mismatches for each and every bus has 

been calculated. These mismatches for every bus should be 

kept as much low as possible. 



CHAPTER - 6 

CONCLUSIONS 



6.1 SUMMARY 

The power system simulator meets the need of a 

good tool for proper study of any power system. Detailed 

generator, exciter and turbine governor models have been 

considered. The Analog computer representation is used 

to write -effecient subroutines of these models. The 

various Generator models, exciter models and turbine 
governor models have been described in previous chapters. 

A relay protection scheme is included in the simulator. 

I t' can be activated when required. Distance, under voltage 

and loss of excitation are the three types of relay schemes 

provided in this simulator. Load flow ,study is carried out 

for the power system example considered. Gauss Seidel 

method is used for this purpose. An efficient numerical 

solution technique is used for solving the network and 

algebraic equations and the differential equations of the 

machine and controller units. Different system disturbance 

conditions can be simulated and the behaviour of the power 

system under emergency conditions is observed and,  recorded. 

Thus the stability of the power system can be studied 

71 

properly . 
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6.2 SUGG&STYONS FOR FUTURE WORK 

In power system modelling much attention has been 

paid to generator modelling, although the impact of load 

models on the system is of equal importance. It , has been 

a common practice to model a load as (a) constant power 

(b) constant current and (c) constant impedance. Here the 

third form of load modelling has been done. Though this 

form of modelling is satisfactory under specific condi - 

tions but in general the load cannot be satisfactorily 

modelled by this form. This simplifies the study but does 

not make it accurate. The load power varies generally with 

respect to voltage and frequency. Thus a load model should 

take this into consideration. Hence a more general form of 

load modelling can be done to make the study more complete 

and accurate. The system disturbance has been categorised 

into two classes. They are (i) Network disturbances (ii) 

Islanding. These have been discussed in chapter-2. Here,in 

this simulator only the first class of system disturbance 

has been considered. The second class can also be incor - 

porated and its effect on the power system model can be 

studied. 
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N OMrNCI ATURrs 

The following notation is generally used unless 

a specific alternative definition is made within the 

text. 

State variables 

z 	auxiliary variables 

3 	generator internal voltage 

I 	generator current 

V 	generator terminal voltage 

angle of generator d axis to synchronous reference 

angle of gen !rator q axis to synchronous reference 

X reactance 

L 	inductance 

Y 	admittance 

R 	resistance 

T 	time constant 

D 	damping factor 

A, B coefficients of generator saturation function 

S 	saturation function 
k 	saturation factor 

H 	inertia constant. 

f 	frequency 

KFD  exciter output voltage (applied to generator field) 

IFD  generator field current 

IT  generator terminal current 

KA  regulator gain 
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KK 	exciter constant related to self-excited 

field 

KF 	regulator stabilizing circuit gain 

KI 	current circuit gain of type 3 System 

KP 	potential circuit gain of type IS or type 3 
system 

KV 	fast raise/lower .contact setting, type 4 system 

S 	exciter saturation function 

TA 	regulator amplifier time constant 

TE 	exciter time constant 

TF 	regulator stabilizing circuit time constant 

TFI r2 regulator stabilizing circuit time constant 

(rotating rectifier system) 

TR 	regulator input filter time constant 

TRH 	rheostat time constant, type 4 system 

VR 	regulator output voltage 

VR max  maximum value of VR  

VR min minimum value of VR  

VR . 	regulator reference voltage setting 

VRH 	field rheostat setting 

VT 	generator terminal voltage 

VTHEV 	voltage obtained by vector sum of potential 
current signals, type 3 system 

AV T 	generator terminal voltage error. 



FYHP Vny Mgh hesxuie Tuebine Power Fraction 

FHP HiKh Pressure Turbine Power Fraction 

Fir' IMetmediak Pressure Tur%ine(s) Power Fraction 

FLp Low Piewure Twbine(s) Power Fraction 

F Gain Constant. See Fig. 5(C) 

9G I00. /(R Steady State Speed Regulation) 

KP Gain Associated With Stems Flow Feedback on 
General Electric EHC Systems 

KpR Gain Associated With Steam Flow Feedback on 
Westinghouse EH System 

Kpp Steam Lead Pressure Drop Coefficient 

GovernorControUed Valve Steam Flow 

d+Q Htth Pressure Turbine Stop Flow 

dim Initial (ties • 0") Throttle VaIn Steal Flow 

Pi.  Mechanical Pow, matt 

PM2 . Medrarda$ Power, Shaft 2 

P0 Internal Poder Steam Pressure, Assumed 
Constant 

PT Throttle Pressure 

PTO Initial (time ■ 0- ) Throttle Pressure 

Tp Valve Positioning Servomotor Time Constant 

TSR Speed Relay Time Constant 

T  Time Constant Associated With Steam Flow 
(=feedback on Westinghouse EH System 

TCH Steam C1es{ Time Constant (Control Valves to 
JR (VHnn) Exhaust 

Iiu Reheat Tie. Constant (HP VHP Exhaust to 
t 	1 1P HP) Exluuq 

TRH2 Second Reheat Time Constant (HP Exhaust 
to It Exhaust) 

TCp Croawrer,Time Constant (IP Exhaust to 
LI Exhaust) 

Hydraulic System Symbols 

all 

alb 	Ilydro Turbine Parameters 

a21 

23 
To 	Gate 1etromotor Time Constant 

I 	Tp Pilot Valve Time Constant 

I• 	TR Dashpot Time Constant 

I 	TM Water Slatting Tore, fee Appendix 1) 

1 	l Trarrale t Sped Droop Coefficient 

o PWaiaeent fpee4 droop CaelYkient 

Common tyetne lratbola 

CV Ert«ttr. Go, tto 	ontrolled V.Ire or  
Gets Mtlan  

ACV effective OovernopControUed Vdw of Gel 
• Incremental Position 

CVMAX valYa`Ot Gate Position Units 

CVMIN 

~V 	N ' Val" ne Gets Iwo Rate Umits 
CVCLOSU , 

1CI - ICS General Moth 	ets 
l ire$ssi4t 	II 

' Gal 	rr •̀ Y~`K/rf 	ontntM System a 

!►N•  mocha" Power . 

• Pp $nItbl (1MMi' 0 `) Mechanical Power 

0. Inetrteentd Msrwr Due to Valve of Wee N 

My~ Incremental Power 	 v: 

BPMpj `. 	Limits Imposed by Gate or Vatre Trawl 

l)r ~hSte ql • Vh a(Chmtoe or Power Impatst 
by Control Vilna Rate Limits 
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superscripts 

- 	complex 
• time derivative 

transient 

o 	unsaturated 

fact 	fictitious 

Subscripts 

d 	direct axis 

q 	quadrature axis 

real 	real .axis of synchronous reference 

imag 	imaginary axis of synchronous reference 

a 	armature or air gap 

0 	open circuit or base value 

k 	damper winding 

f 	field winding 

leakage or losses 

e 	electrical or exciter 

in 	mechanical 

G 	Generator internal bus 

T 	Generator terminal bus 
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