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ABS..TRACT 

Interactive simulator for outage studies 

Outage simulation is performed for accessing the 

security of power system which in turn can be used in 

operation and -planning studies. In outage simulation, power 

system steady state performance is studied under various 

contingency conditions. 

An effort is made in this work to develop an . 

interactive outage simulator for simulating the generator 

and line outages in power system. This simulator provides 

graphical output and screen presented, menu driven, program 

and data control. For load flow studies fast decoupled 

method is used. The network sparcity is also exploited 

in data storage and calculations. This simulator is very 

flexible andchta base modifications and restoration 

are very easy. 
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CHAPTER 1 

Li\ TRO DU CT TO;' 

An important aspect of the design and operation 

of a power system network is to mentad.n system security, 

A secure operating state of power system is 

defined as that state which is invulnerable to unaccept-

able system condition suc'. as: 

- 	Cascading outti- es 

- 	system seprat on 

- 	wide-s read o t age$ 
C H./A I . T F R . - 	violation off'"f - eY~ in 	t urn s o f l ~.~z e currents ging  

- 	bus voltages, o".• system frequercy 

- 	loss of synchror :.zaticr among 	:c r tdr 

Analysis of system si curity is a 
in three major applications: 

Z • 	Long term planning 

- 	- 	evaluation o'' g '..or cape 

require ents 

- 	evalu jt on -f {nterconnectc., system 
power r --r 7 	capabil it -. f : 

- 	evil :aticr of transmiss~.cn ryctcm 

a,;ef irn°;y 

I 
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2. Planning of Operations 

— 	Determination of spinning reserves requirements 

— 	scheduling of hourly generation as well as 

interchange scheduling among neighboring systems 

— 	out age , dispatching of transmission lines 

and transformers for maintenance and system 

operation. 

3. On line Operation 

— 	Monitoring of operating state of the system 

— 	contingency evaluation 

— 	prediction of level or measure of system 

security 

— 	providing in puts to security enhancement 

functions. 

The security assessment process itself consists 

of two primary functions: 

1. Security Monitoring: this consists of the rroce-

ssing of incoming data, correlating it with available 

data in order to reliably determine the operating state 

of the system at present or in near future. 

2. Security Analysis: this  consists of simulating the 

system under various contingency conditicns in order to 



CHAPTER-1 

I1\i TRO DU CTION 

An important aspect of the design and operation 

of a power system network is to mentadn system security. 

A secure operating state of power system is 

defined as that state which is invulnerable to unaccept-

able system condition such as: 

- 	Cascading outages 

- 	system sepration 

- 	wide-spread outage 

- 	violation of emerging limits of line currents 

- 	bus voltages, or system frequency 

- 	loss of synchronization among generators 

Analysis of system security is a primary function 

in three major applications: 

1. 	Long term planning 

- 	- 	evaluation of generator capacity 

requirements 

- 	evaluation of interconnected system 

power exchange capabilities 

- 	evaluation of transmission system 

adequacy 

1 
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2. Planning of Operations 

- 	Determination of spinning reserves requirement-- 

- 	scheduling of hourly generation as well as 

interchange scheduling among neighboring systems 

- 	out age i dispatching of transmission lines 

and transformers for maintenance and system 

operation. 

3. On line Operation 

- 	Monitoring of operating state of the system 

- 	contingency evaluation 

- 	prediction of level or measure of system 

security 

- 	providing in puts to security enhancement 

funct ions. 

The security assessment process itself consists 

of two primary functions: 

1. Security Monitoring: this consists of the rroce-

ssing of incoming data, correlating it with available 

data in order to reliably determine the operating state 

of the system at present or in near future. 

2. Security Analysis: this consists of simulating the 

system under various contingency conditicns in order to 



evaluate the measure of system security and provide inputs 

to enhancement strategies. 
0 

In either of the above functions undated mathematical 

models of the system are required. These models are class-

ified as steady - state (static). and dynamic. And each 

class can be deterministic or stochastic. 

System disturbances are classified into load and 

event distrubances. Locd disturbances consist of small 

random fluctuations superimposed on slowly varying trend 

changes. Event disturbances consist of: 

- 	fault on transmission lines 

- 	cascading events due to protective relay 

action following severe over loads or 
violation of operating limits 

- 	generator out/ages due to loss of synchro- 

nism or malfunction 

- 	sudden and large load changes. 

Transmission line outage are generally due to 

weather (lightning or storm), improper relaying, operator 

errors or accidents. Most such outages will effect single  

line. However multiple line out me5  . may occur due to bus 

faults or accidents involving multiple line towns. There- 

fore they should not be disregarded entirely statistics on 

3 



transmission line may or may not be avaialble in given 

utility. Gcnerator outages statictics perhaps are more 

understood with data available on most systems. 

The information available from outage studies ise 

essential for the continious evaluation of the current 

performance of a power system and for analysing the 

effectiveness of alternative plans for system expansion 

to meet increased load demand. 

Effort has been made to develop interactive 

outage simulator for generator and line outages. 

The input to be given either through cards or 

from an editor. A computer program is developed to input 

the data interacting Main avantages of inx uting data 

through CRT are, firstly, field boundaries are not user's 

concern and secondly, only the essential part of data 

may be entered. The outages may be displayed selectively. 

During the program execution the user is asked if the 

display is needed. A hardcopy of display can be produced 

during program execution. 

Selective data may be printed by defining 10 

options. The option is hold true if it is assigned value 

unity. Without any options set bus data, line data, 

4 



system data, no of interaction and maximum mismatches 

are printed. Option 1 produces additional bus listing. 

Option 2 produces additional branch listing. Option 4 

writes active and reactive mismatches at each interation. 

Option 5 prints variation in active power generated at 

swing bus. Option 6 is used for change in reactive power 

or voltage specified at buses with limits. Option 7 prints 

variation of inphase transformer and drop of power in 

outage. Option 8 prints the voilation of reactive limits. 

Option 9 is used for printing bus loading, branch loading, 

shunt loses and series loses.eption 10 prints the redis-

tribui. active power on generator in outage. 

The outage are simulated for three test systems, 

i. e., 5 bus system given by EL-Abiad, IEEE-14 system 

bus and IEEE 118 system bus. The results were displayed 

for the five bus system. The display included lines, buses, 

generator, bus voltages and bus angles. The overloaded 

line are blinked for some time. 

5 



CH APT ER —2 

LOAD FLOW STUDIES 

2.1 	IN i RO DUCT ION 

Laid flow calculation provide power flows and voltage 

for i s--ecified power system subject to regulating cap-

bility of genL,- tors, condensors, and tap ch~zn!din-; ::~•': r 

loaded transformers as well as specified net intcr c:- -
bet::rei n individual operating systems•.This information. 
is es:ent ial for the continuous eflaluat ion of the currcrt 
performance of a power system and for analyzing the effe— 

ctiven{-,ss of alternative lans for system expansion to 
meet Crhds \lLad Id 	. 	2 

The load flow problem consists of the c*1 c.ilation 

of power flows and voltages of a network for :.. 	--,.`_tied 
terminal or bu: condition. Associated with 
four quant it ies , t :c real) reactive po.. c r 

magnitude and ti e . zase angle. It is nec. 

one bus, called the slack bus to provide 

and reactive -'wer.  . ."b is computing time pc. r 

tai' ;- method var-- 	linearly with the 

problE.m . For typicw ? :'.arge systems one I't .. .. 	.'..tcration 

is roughly equal to sc ven Gauss siodel it c '.ins in 

com -it ing time. 

6 
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CHAPTER — 2 

LOAD FLOW STUDIES 

2.1 INTRODUCT ION 

Load flow calculation provide power flows and voltage 

for a specified power system subject to regulating capa+-

bility of generators, condensors, and tap changing under 

loaded transformers as well as specified net inter change 

between individual. operat ing systems•.This information 
is essential for the continuous e~aluat ion of the current 

performance of a power system and for analyzing the eff e- 

ctiveness of alternative plans for system expansion to 

meet increased load demand. 

The load flow problem consists of the calculation 

of power flows and voltages of a network for spedified 

terminal or bus condition. Associated with each bus are 

four quantities, the real reactive power, the voltage 

magnitude and the phase angle. It is necessary to select 

one bus, called the slack bus to provide additional real 

and reactive 7^)wer. The computing time per iteration of 

.Eta' ; method varies linearly with the size of the. 

problem . For typical large systems one Newton iteration 

is roughly equal to seven Gauss siedel it erfit ions in 

computing time. 

6 



2.1.1 Decoupled Methods 

An inherent characteristic of s; practical 

electric power transmission system operating in stemdy 

state is the strong interdependence between active powers 

and bus voltage angles, and between reactive powers and 

voltage magnitude. This decoupling is achieved by solving 

separately P.J and Q-V problems. Over all saving in total 

core required is 35 percent- 40percent and the saving 

in time is 10 percent - 20 percent less than for the 

formal Newton method. 

2.2 	Fast decoupled .method: 

This method utilises the symmeri-ry in P- and Q-V 
problems. The speed of each iteration is 14-times the 
Gauss seedel iterations or 1/5 in of a Newton's iteration. 

The method requires lesser space and take lesser amount 

of C.P.U. time than the Newton's method. 

We make use of following variables: 

Ei=Vi<fli 	 Nodal Voltage 

Ii 	 Nodal injected current 

Active power generated 

L1 	 Active power load 

[f 
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QGi 
 Reactive power generated 

Ii 

P i=P Gi-PL i• 

Qi=QGa.-(L i 

Si=Pi+j Qi 

ASi~Pi+Jo Qi_ 

AIi 

AEi~Vi <AQi 

Y 

Reactive power load 

Total Real power at a bus 

Total Reactive power at a bus 

.Net nodal injected power 

Power mismatch 

Current mismatch 

connection to nodal 

voltage 

Nodal admittance matrix 

From nodal analysis or Kirchoff's law. The relation-

ship between current and voltage at buses may be expressed 

as 

I=YE 

Where I = [Ii...7n1T 

and E=[ EI ...F.n]T 

Y is a square complex matrix and n is the total 

number of nodes 

The power at a bus may be expressed as 

Si _ Ei IiA = Pi + Qi 	 (2.2.1) 

or 

S=E ij=~Yij Fj =Pj -JQ. 	(2.2.2) 



Thus if 2n equation in 4n variables. Thus Y2n 

variables are fixed then the solution is unique. In 

other words. Tf two of the variables Pi, Qi,  E1, Q be 

known at each bus the above equation be solved. 

Buses are classified accordingly to the variables 

defined on it. One bus is chosen as the slack or reference 

bus at this bus the voltage is filed and the bus supplies 

the power loses to the system. 

Various types of buses considered in this simula - 
t ion are: 

(1)  PQ buses Pi  and Q. are fixed 

(2)  PV buses 1E11 and Pi  are fixed 

3) PQ V buses P 	and Qi  are fixed and there 

are limits on the 	J EI on a bus 

(4) PV Q buses P 	and J Ei  1 	is specified and 

Qi  has maximum and minimum 

limits 

(5) PV Q buses 	Re mot elly controlled 

Pi  and 1E11 specified and 

Q limits are also defined and 

the 1E11  of the other bus is 

kept con st ant . 

9 



2.2.1 Derivation of Fast Decoupled Method 

For each PQ bus i, the complex power i, iscratch is 

given as: 

n 
AS = SiP - EEi Iii = Pip + jQip - EikElYikx Ek 

letYik =Gik +jBik x 

Hence, n 
APi = Pip - Re {(ei+jf i) k El(Gik 3Bik)(ek-Jfik 

n 
Plp - E kzl( Gik cos 6 ik + Bik sin 6ik) Vk 

and 
n 

6Qi = (dip - .'m {(ei+ jf i)kZ (Gik-jBik) (ek-Jfk) } 

n 
QiP - Ei E (Gik sing -Blk co sG ik) Vk 

k=1 
The convergence criteria is chosen as: 

&Pi = < C_ for all PQ and PV buses 

AQi = < C for all PQ buses q 

where Cp and Cq are tolerances 

The change in the active the reactive power, 

voltage magnitude and angle may be expressed as 

	

AP 
t Jl 	

J2• 
	o 1 

(2.2.3) 
~..DO 

	

J3 	J4 	AV ; 

to 

19 



Solution is approached by moving in the direction 
of negative slope, where 

	

_ _ .~ 
( 
o.~P 	 •. oP 

J~ 	Q) 	' J2 	.o V ' 

J _  
3 	(~Q) ' J4 = 	AV 

or in general 

J = N[J1 J2 
J 	

(2.2.4 ) 
3 4 

where J is the Jacobian matrix. 

As in case of decoupled methods coupling between 
P-Q and Q-V components is relatively weak 

-APi i 
LQJ 

Jl 
IQ 

0~ 
J4 AE 

oQ 
. 	.., 

oP let 	(6Q f 
H 0 0] 

L 
{ oQ 

AE/E 

It may be proved 

Hid = L i~ = EiE. (Gib sin 0i~-Bid co sei~) 

= -Bii Ei 

L1 j_ -Bii Ei + Q i 

Following assumption are made in fast decoupled 
method: 

1.1 



cos 9km :1, Gkm si_z Bkm « cm 

and ek << B k V2 

Hence, 

[ap] =[v Bl V] [ae] 	(2.2.c) 

[aQ] =[V B11V] [aV/V] 	(2.2.6) 

Following rules are observed in the formation of Bl 
and Bll matrix 

r (a) Omitt form [B ] the representation of those 
network elements that 	dominantly affect 
MVAR flows, i.e. shunt- reactaness and off-

noiral in-phase transformer 'taps. 

(b) Omitting from [ B 1 ] angle shifting effects 
of phase shifters. 

(c) V is assumed to be 1 p .u. and 

(d) Neglecting series resistance in calculating 
the elements of [B'] . 

The final result is 

[oP/V] = [B'] [ae] 	(2.2v7) 

[AQ/V] = [ B"] [oV] 	(2.2.8) 

both [ B ] and [ B~ ] are real and sparse. It phase 
sshifters are not connected [ B'] and [ B" ] are symmetrical. 

12 



2.3 Method of Finding Inverse or Matrices [ B'] and [ B"] 

The method used is given by Zoll enkopf [ ] . The 
mbthod is suitable for the matrices that are strictly 

symmetric and preitive definate or diagonally dominant. 
In order to save on CPU time and storage, and optimally 

ordered storage scheme and special programming techniques 

are used. 

A set of n linear equations can be expressed ina 
matrix notation as 

Ax = b 	 (2.3.1) 

where A is a non singular 

nxn coefficient matrix 

x is a colouni vector of n unknowns. 

b is a known vector. 

Solution may be conputed directly as: 

x =A-1 b 	 (2.3.2) 
let 

L(n)  . L(n-i) ....,.L(1)hR(l)....R( n-1)  R(n)  _ : ( 2.3.3) 

where 

L are left hand factor matrices 

R are righthand factor matrices 
I is unity matrix 

13 



A3 

The equation ( ) can be modified by simple trans-
formation to: 

A 1  = R(1)  R(2) ... R (n)  L (n)  ...L(2)  L(1) (2.3 .4) 

In order to determine the factor matrices L and 

R the following sequence of inter midiate matrices are 
introduced: 

A(0)  = A 

A(1) = L(1) A(0) R(1) 

A J) = L(1) A( j-1) R(j) 	(2.3.5) 

= L(n 1) A  (n-2) 

A(n) 

 

= 
L(n) A(n-1) R(n) 

The matrices A (1)  , Land R(1)  may be Calculated 

from the elements of A( j-l)  

let A(j) _ [ aik(J) ) 

a ( d)  = 1 jJ 
_ 0 (2.3.6) 

=0 J 
a ik _ alk  (j-1) - 	(i-1)a  (1-1) 

 

14 
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V 

where i is called ritol index for i and k varies 

from (j+l) ...n 

Matrix H j) is of the form 

1... ..0 -------0 

0 
A 

	

 a (i) 	 (2.3.7) ` _ n j 

0 	0 anij 	_ nn 

Factor matrices L 1) is of the form 

 (2.3.8) 

') 	: 

~JY 

'i 

where l..(1) 	1 ij 	- a-  ( _1) 

lij0) 	_ - al~(j-1) / a 

l (i) kk 	W 1 	k # i 

i _, j+l) , ...n 

k = l , .....n 



Factor matrices R(1) is of the form 

i . 

C 

where 

) 	2.3.9 ) 

r. 1) 	= _a. J-1) / a..(J-1) 
13 

k= (J+1) , ...n 
rkk 	= 1, k=1,...3n 

If the matrix A is symmetrica the 

a 	_ akin J-1) 

and 	r jk ~ 1) = 1ij( d) for i = k A J 

Hence if I.` i) is symmetrical 

matrix jth Row of R{ i) is identical to jth colounn of 

except for the diagnolterm. 

In ordet to exploit the benefit of sparcity, a C' 

packed matrix storage scheme in which only the non-zero 

terms are retained is employed. In addition to matrix 
elements themsel-.es, tables of indexing information to 

identify the eleni 'its and to facilitate their addressing 

is made. Small memory requirements and short computation 

16 
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time come be realized because only non zero matrix terms 

are stored and processed. Symmetry can entirely be exploited 

in programming for matrices having symmetrical pattern 

of non zero terms. 

17 
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2.4 	Reactive limit check on Q limited bus 

Let DQl  be defined as the deviation of the 

calculated reactive power from the violated limit. The 

power at PQ, PQV.and FQRV buses connected to the given 

buses are calculated. From this voltage correction AVk  
are calculated. Correction is made for branch outages. 

Using the voltage corrections AVk  the total power 

at the bus i is calculated 

Let F1 be the total power 

DQi  
Let F2 = VO 

i 

F2 
F3  

i 
andXl 	F2 

(Fz + F3) 

for limit on bus bar to be true 

—1.0<xl<1.0 

Voltage at all nodes except the give node is 

modified as 

Vk  = Vk  ±X1 x oVk 	k, 2, .....,x 

for the node which is being considered 

Vi  = Vi  + Xl 



z Vgltaae limit check on voltage limited buses 

Let DV be the deviation of the voltage from 

the violated limit. 

Reactive power at the bus is taken as unity and 

all other reactive power is taken zero. 

Let AVk k=l,...,n be the voltage correction 

calculated from the factorized matrix. 

Then, sensivity factor SQ is defined as 

SQ=1.0/AVi 

The vol~rge at all buses except the slack bus is 

modified. The modified vol+ sge is 

DV. 
Vk = Vk + ©Vk X A Vl 	k : 2,....n. 

i 

The reactive power generated at the bus is 

modifies as 

DV 

Qi ` Qi + 	Vi 

19 
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CHAPTER — • 3 

OUTAGE STUDIES 

3.1 INTRODUCTION 

An important aspect of design and operation of a 

power system network is to maintain system security. 

If a generator is disconnected from the system due to 

failure, then enough power should be generated without 

in admissible frequency drop or without shedding of 

load. The line must be designed such that, if a line 

is damaged and removed from the system by relays, the 

other system buses do not become overloaded. This is 

to reduce cascading failures. 

Several methods available for outage study are% 

( ) Gauss—seidel method 

(2) Explicit matrix inversion method 

(3) Direct solution method using triangular 

factorizat ion. 

Gauss Seidel method is 1e complex to program but 

is slow. Spare matrix method in triangular factorization 

is fast and effecient. 

20 
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Every time outage takes place the bus matrix 

must change, and hence a new system is formed. To 

sale time and space on a computer method using the same 

factorized matrix and little extra effort are most 

suited for the comp".ter. The space and time needed for 

refactorizat ion. 

3.2 Line outage 

The method for the outage studies is in combi-

nation of fast decoupled load flow method. Advantage is 

taken of a technique which mathamatically models outage 

system by its pre-contingency by adding changes in the 

injc cted powers at the terminal buses of outaged branches. 

In principle a line or transformer outage causes 

a system confugration change. An equivalent mathematical 

model is made which has original confugration except 

that at the terminal buses of outaged elements additional 

active and reactive power, equal to that which would 

flow if the line was present with modified system voltages 

are injected. The maximum number of API, Ai  variables 

for each outage is 4. 

21 

Outaged System state 



Pkm = VkVm [Gkm cos km + Bkm sinGkm]-Vk2(Gkm c" 11 (3.2.1) 

22 

m = VkVm[Gkm sinGkm =3km cosE1 kmI + Vk 2(Bkm 

Pmk = VmVk(Gk mcos6mk-Bkm sin6mk ] + Vm2(Bkm-Bkm) 

QMk = VmVk [Gkm cos~mk--km sinQMk ]+Vm2( Bkm-km) 

where Qkm = ek _ Am 	_ - 8mk 

Gkm + JBkm (k,m)tb.e element of admittance matrix 

i Cam + JBkm 	= 2 ( line changing admittance) 

Similarly for post contingency variables 

Vkt = Vko + ©Vk 

C~ =Oko +oa 

Pkm = Pkmo + APkm 

(3.2.2) 

(3.2.3) 

(3.2.4) 

P mk - Pk o + nP 



and similar equations may be written for post contingency 

variables 

	

~6Pk m 	U 	o Q / 

let 	 (3.2.5) 

	

oQkm 	'..T 

 

S 

Assuming decoupling i.e. 

U = 0 , T = 0 

we have 

Pkm VkVm [Gkm cos ( 	flm) + Bkm sin( 	- 0.) 

- Vk
2 

(Gk m - 

Qkm VkVm[Gkm sin (Qk r Qm) 	-km cos (Qk Qm) 

2 	" + Vk (Bk m - Bk m) 

Assuming cos8km N 1 

and Gk m sin 9 << Bkm 

and J Vk / Vm - 1 .0 

we havePkm =VkVm [ Gkm+Bkmsin (Qk_ Qm)] 

2, ~i 
- Vk ~k m 

_ 
rk m) 

VkVm Bkm 

- VkVm Bkm 

23 



Pk m a Pk m APkm e o 0k +'b 
9rn 

A 9n 

= Vk Vm { m n k - Bkm nom} 

__ m V 
V  m no 

km _ 

- gkm Vm / V A9 m 

Since Vk /Vm 

We have 	~Pkm -Bkm k ~9 - m 06 ~V 	 m 

aP~ 
Similarly 	_ - Bkm ° ek + Bkm A8m 

Which may be represented as 
t AP km ...

k.j Vm 

QPmk 	- IBkmBkm 	"k 

f "kVm I 	cm Bkm 0 

0 TM 	 A9k 
(3.2.6) 

Vm  oem 

We have 
2 	 / km = Vk Vm { - Bkm + Vk [ Bkm - Bkl m] 

km /R 	R 
k- - km Vm + 2Vk Bkm - 2Vk B km k 

ti 

Vnnmm 	
Bk m Vk 
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AA m - V—m- ©Vk + V m o Vm 

_ - .Bkm Vm + 2Vk[-km Bkm)) AVk - Bkm Vk AVm 

A  
~km _ { 	Bkm! Vm + 2 Ve (Bkm Bkm] 	'LVk . J VkVm 	 _k 	m 

-- Bk m Vk AVm 

Since 	1'0 

m 

{ --km + 2 [-km - Bkm' { ( VVk )Vk 
wok Vm 	 k 

oV 
km) 	Vm ) V 

m 

_{Bkm - 2Bkm}V (oVk 
Vk ) k  

oV 
+ { -Bk m} Vm (- m ) 

m 
Similarly 

o~  oV 
-=-Bkm XVk ( Vk ) 

km 

oV 
+[Bkm _2Bkm]XVm ( Vm ) 

m 
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Hence 

k m 	Bkm -2Bkm 	~B km 
JVkVm 

L_ k m 	
LBkm 	 Bknr2Bkm 

V 'kVm 

• 
Vk 
	

0 .. 	
AVk/Vk ( 3.2.7) 

0 	Vm 	AVm/Vm 
ŷ  	 .~..  

The equations (3.2.6) and (3.2.7) can be written 

in the form 

[AP/ VV] k,m = [B3] k .m[ r ] k ,m (AA) k,m 	(3.2.8) 

and 

[o9,/IVV] k,m = [B4] k,m [V) k,m [oV/V]k,m (3.2.9) 

decoupling process is completed by : 

(1) 	omitting from (B3) the representation of these 

network ' elements that pre dominantly affect rea- 

ctive power flow. 

(2) Omitting from [B4] the angle shifting effect of 

phase shifter. 

(3) Setting all elements of [V] to 1.0 p.u. 
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We have 

©F [ W]k,m = [B3]k,m [4G]k,m 

[®Q/ VV]k   m  = [B4]k, m  [AV]k, m 

(3.2.10) 

(3.2.11) 

Computation of sensivity matrix 

To complete the ith  column of a sensivity matrix 

let a column (ei) be drafined as zero vector except its 

ith  element is unity, therefore 

[J] [S] [ei] 	_ [I] [ei] 

[J] [S] = [ei] 	 (3.2.12) 

where S is the ith  collum of sensivity matrix [S] 
and is calculated by solving the factorized Jacobian 

matrix (J) and (ei) by Zollen koph Bi factorization di-

rect ,olution subroutine. 

Assuming that the loads and real power output 

of generating plants remains unchanged and since the 

out- e of a line k m connecting two load buses k and 

m is being simulated by changes in the power injected 

into bus k and m only, therefore based on the fast 

decoupled load flow method 

27 



[Bl] [oe] or [08; = [S1] [VP] 

[ '] = [B2] [Qv] . or ov_[52] [ °—Q] 

Only two columns -  of each sensivity matrix Sl  and 
S2, the APIk  and APim  are given by 

[oPI]k,m  = [I] — [SP] 1[Fo] k,m  

Similarly 
[AQI] k,m  = [I]  — [SQ] —1[Qo]k,m 

Formulation of [SP] and [SQ] is discussed in 

next section 

3.4 Multiple branch outage simulation 

Consider outage of line l,2,...,n connected bet-
ween load buses (a,b) , (c,d) ..., (y, z) . 

The changing the in 	cted power (LPI, n QI) into 

the buses (a -b) , 	(c,d) , .... (y, z) 
are given by 

2n [ A INJECT ] = 2n [POWER0  ] + 2n [iPOWER] 	(3.4.1) 

where [AINJECT] are the changes in injected powers 

at 2n buses (POWER0] are the precontingency power flow 

in lines and (APOWER] are the changes in these power 
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flow due to outages. Above equation applies for both act ive 
and reactive power. 

The rP:l atiions b -cween [APOWER] and changes in bus 

voltage magnitudes and angles are expressed in a general 

form by the following equations 

[&POWER] _ [ fVV ] [ B] [x] 

where o POWER = AP, AX = ofd 
- 	 ?1 _1 
Ba ,  b = 

[B3 
 ] ab =Bab -1   

or A POWER = oQ , AX = AV and 

-- 	 i  Bab _ Bab 
Ba,y [B4]a,b  _ -B ab 

C 	-11 
-Bab -1 C A 

where C _ Bab - 2Bab 
Bab 

We have 

(AX] = [S] 	[  -INJECTED]  

(3.4.2) 

-Bab 	J(3.4.3) 

Bab 2Bab 

(3.4.5) 

hence 

[&POWER] 	[ J VV] [B] [S] [V-1][AINJECTED] 

_ [B][S] [w'DV] [V] 1[QINJECTED] 

[BS] [&INJECTED] 	 (3.4.6) 



Since ivy and [V]-' are iiagnoe matrices, [ivy] [V]-1 

_ [I] (unity matrix) 

Since JVi/V 1 

and 	(BS] = [B] [S] 

Mat+^ix CBS ] in formulated tow by row as 

Row a = Lc x row a of [S] - low b 	x Bab of [S] 

Row' = LC x row b of [s] - row a of [S] X Bab 

Therefore we do not need to store 

[B3] , [B4] , [ ,/VV] and [V]-1 	we need only [s] 

[B3] and [B4] are multiplied implicitly from equation 

[3.4.1] and [3.4.6] 

1 INJECTED] - ' [z] - [Bs] ~-1[PCWFRp] 

= [BS] [POWERQ] 

By knowing the 2n columns of sensivity matrix, 

oQ and 6V, the corr~ ct ion due to line outages, are 

calculated to obtain V and Q for all system buses. 

Post contignecy line flows are therefore determined 

30 
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3.5 	zmulation of single line outages 

Single line branch outage is simulated by open 

circuiting each branch. Bus and branch variat•.l s are 

modified as the branch is taken out. 

Unity active power is injected at the two buses 

and the angle connecting using original matrix, are 

comps+' s0 

A factor D2 is calculated as 

D2 = J L" sending 	4 receiving .- 

where XX = line reactance of outaged branch 

F')r split condition D2 N 0. 

For split condition topological check is made. 

The circuit continuity is checked. For the system 

connected to refrence bus the refrence remains same.- 

for the other system the bus, receiving or sending 

whicheven is connected., is taken as the second refren•3 

Let Dl = - ------ 

sending — 	receiving 

a variable THCORRk  is defined for all buses as 

THCORRk 	Dl  c - E k 

a 



If receiving and sending bus is one of the PV, PQ 

and PQRV then active power at receiving bus is assumed 

—1.0 and power at sending bus as 1.0. For all other cases 

both active powers are taken as unity. 

The voltage correction is calculated. 

A variable D3 is defined as 

D3 = 	— 	 1 	 ...~...W_~. _ ___ 

Vsemdi.ng. — ' V receving — z 

Variable VHCOREk is defined for all buses as 

VHCORF 	= D3 

Outage solution is carried out in same way 

except the voltages and angles at different buses are 

modified as 

_ "k + ( + THCORRk x THIKO 

Vk = Vk + Vk + VHCORRk c VHIKO 

where 

VHIKO = Vsinding — ^Vreceving 

THIKO = ,; esinding — 	"receiving 

32 
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CHAPTER-4 

GRAPHIC IMPLEMENTATION 

4.1 	System and Software Package: 

An IBM - compatable PC-XT was used for the purpose 

of graphic implementation. Micro-soft Fortrani.e. Fortran-77 

was used for writing programs. The system was monochrome 

with hercules graphic card. The software r ackage used was 

called as GRAPH-X 

4.1.1 Main Features of GRAPH-X 

Graph-X can be used for plotting points drawing 

lines, circles, arcs and reactangles It allows text 

writing. It allow to switch colour levels from dark 

to green. 

4.1.2 On screen graphic facilities. 

Following on. screen graphic facilities are 

available: 

INT l0.COM 	- extension to DOS for 

on screen graphics 

FOR 2 GRH,OBJ - linkage to FORTRAN 

HCG.COM 	- confugration file for 

graphic card. 
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4.1.3 Printing facilities 

Following print facilities are available: 

HARCOPY.CON: 	- extension to DOS for 

screen printing 

PRINTER.DEF 	- definition file for IBM 

or Epson dot matrix printer. 

Both 1NTIO.COM and. HARCOPY.COM must be loaded 

before using graphics. 

4.1.4 Coordinate system 

Graph.dc screen may be considered as two 

dimension array with X being horizontal and Y - being 

vertical axis. The origin of the axis is the upper 

left corner. The addressable pixels are:- 

X (horizontal) : 	0 to 719 

Y (vertical) 	: 	0 to 347 

Any part of figure outside the legal boundary 

is clipped at the edges 

Any letter corrsingthe boundary is suppressed 

fully. 

Height of the pixel is 1.5 times more than& 

its width. To draw figures with same scales on both 

'~ axises vertical dimensions are muliiiplied. 2/3. 

I 
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4.1.6 Screen Colour level 

Figures may be drawn green or black in any 

background, also the figure may be drawn in colour 

opposite to the background. The colour levels are: 

0 	- causes the figure to be drawn black 

1 	- eauses thesfigtzkre ttgbeedtawbegOrean 

2 	- causes pixel to change colour it 

causes green figures on black colour 

and black figures on green background 

Repeated drawing of a figure with level 2 

will cause it to blink. 

4.1.6 Text Wr it in g 

Text is drawn 9 pixel wide and 14 pixel high. 

Background and the colour of the text depends on the 

set level. The character must be inputed in ASCII 

form. It the character are more they may be defined 

as double precision or character. 

4.1.7 Graphic pages 

There are two thndependent pages in which graphic 

display is stored . Each graphic page is independent 

and requires 16 K memory. Both these pages can be 

used independently for display and writing. Caution 

has to be taken while using page 0. The first 4K of 

page 0 is shared by text mode buffer. Any text mode 



operation will, contaminate graphic page D. The run 

time error are eclipsed when the: screen is in graphic 

mode. 

4.1.8 Using GRAPH-1C with fortran 

Few precaution are necessary for using 

GRAPH-X with FORTRAN. 

Each function or sub rout inc of GRIPH-X must 

be declared as EXTEM\AL in the program. Variables 

should not be passed directly to GRAPH-X routine. 

Number must be assigned to a variable, which is 

then passed as an argument to the routine, 

4.2 	GRAPH-X defined subroutine. 

GRAPH-X provide subroutine to set up graphics, 

(if  draw figures and printhard copy. The subroutines 

defined by GRAPH-X are described below: 

Subroutine ARC 

This subroutine draws a quarter circle •n 

the screen give the centre of the arc radius and 

the guadrant in which the arc is to be drawn 

Calling sequence: 	CALL ARC(X,Y,RADIUS,QUAD) 

Arguments: - 

X,Y 	= 	Cordinates of Centre of the 

36 
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RADIUS = 	Number of pixel between 

point X,Y and the arc in 

X-ax is 

QUAD 	= 	Number of quadrant in which 

arc is to be drawn. Numbers 

are from 1 through 4 with first 

quadrant as 1 and increasigg 

counter clockwise. 

Subroutine BLKFIL 

Given height, width and the lower left 

corner, this subroutine draws a solid rectangle. 

	

Calling sequence: 	CALL BLKFTL(X,Y,WIDTH,HEIGHT) 

Arguments: 

X,Y, 	= 	Cordinates of lower left 

corner 

WIDTH 	= 	width in pixels 

	

HEIGHT = 	height in pixels. 

Subroutine CIRC 

Given the centre and the radius the sub-

routine draws a circle 

	

Calling sequence: 	CALL CIRC(X, Y, RADIUS) 

X,Y 	= 	cordinates of centre point 

	

RADIUS = 	number of pixels  between centre 

and circumfrence on X - axis. 



Subroutine CLSCR 

This subroutine clears the graphic page currently 

written into : 

Calling sequence: 	CALL CLRSCR 

Subroutine DISP 

This subroutine set the page to be displayed 

on the screen 

Calling sequence: 

Arguments: 

BUFPAGE  _ 

CALL DISP(BUFPAGE) 

or buffer page 
1 

Subroutine LLIT\TE 

This sutrout ine draws a line from current 

sursor position to specified cursor position. 

Calling sequence: 	CALL DLINE (X,Y) 

Arguments : 	 X,Y = cordinates of end 

posit ion 

Subrout ine FILL 

This subroutine fills the area in a convexpoly-

gon b~, reverse colour, given a point inside the nl 

polygon 
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Calling sequence : 	CALL FILL (X,Y) 

Arguments : 

X,Y, 	= Cordinates of a point lying 

inside the corvex polygon. 

Subroutine PUTPT arguments: 

This subroutine moves the imagenary cursor to 

specified position on the screen may be used with 

DLT!E subroutine. 

Calling sequence : 	CALL PUTPT (X,Y) 

Arguments: 

X,Y 	 Cordinates of the imaginary cursor 

Subrout ine G 'PT 

This subroutine reads the intensity of a given 

pixel any where within legal cordinates. -  

Calling sequence : 	CALL GETPT (X, Tj7NTDI-S) 

Argument s e - 

X,Y 	- Cordinate of the point whose 

intensity is needed 

In1T 1\1S 	- Int ersity value 

0 -- Black 

1 - Green 
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Calling sequence : 	CALL FILL (X,Y) 

Arguments : 

X,Y, 	= Cordinates of a point lying 

inside the corvex polygon. 

Subroutine PUTPT arguments: 

This subroutine moves the imagenary cursor to 

specified position on the screen may be used with 

DLT!E subroutine. 

Calling sequence : 	CALL PUTPT (X,Y) 

Arguments: 

X,Y 	. Cordinates of the imaginary cursor 

Subrout ine GETPT 

This subroutine reads the intensity of a given 

pixel any where within legal cordinates. 

Calling sequence : 	CALL GETPT (X, T) ENTEN S) 

Argument s: - 

X,Y 	-~ Cordinate of the point whose 

intensity is needed 

INTENS 	- Intensity value 

0 - Black 

1 -- Green 



Subroutine GMODE 

This subroutine puts graphic eard into graphic 

mode. It must be called before calling any graphic 

function or subroutine. 

Calling sequence:  

CALL GMODE 

$ubrout ine GPAGE 

Subroutine determine the page to be written into 

Calling sequence: 	CALL GPAGE (BUFPAGE) 

Arguments : 

BUFPAGE 	= Buffer page 0 or 1 

Subroutine LEVEE, 

Subroutines sets the level to be used by 

subsequent graphic function. 

Calling sequence : 	CALL LEVEL, (MITII\TS) 

Arguments: 

DNTIIFTS 	= 0 black 

1 Green 

2 XOR 

Subroutine PLOT 

Plots a given point on the screen depending 

on the colour level set. 
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Calling sequence : 	CALL PLOT (X,Y) 

Arguments: 

X,Y 	= 	Cordinates of points to be 

plotted. 

Subrout ine TMODE 

This subroutine puts graphic card into normal 

text mode: 

Calling sequence 	: CALL TMODE 

Subrout ine TEXTF 

This subroutine writes array of characters at 

a desdLrdd point on screen character are written 

horizontally. Upto 4 character may be accommodated 

in single precision, 8 characters in double precis-

ion and upto 132 in CHARACTER xn declerat ion . 

Calling sequence 	: 	CULL TEXTP (X,Y,LEI\T,MSG) 

Arguments; 

X,Y 	= 	Cordinate of first letter 

in the array. The cordinate 

is of lower left corner. 

LEN 	= 	Length of character in text 

string 

MSG 	= 	Array of character 

n 



Subroutine HRDCPY 

This subroutine generates hard copy of the 

graphic page on the dot matrix printer. 

Calling sequence 	s 	CALL HRDCPY(OPT CHAR) 

Arguments: 

OPTCHAR 	= 	'1" Graphic page 0 

'2` Graphic page 1 

'3' Graphic page 0 reverseviiales 

• `4' Graphic page 1 severse video 

'5' Graphic page 1 and page 0 

`6' Graphic page c and page 8 

reverse video. 

4.3 Graphic Display of outageas 

GRAPH —X subroutines are used to display the results 

of load flow and outages. Display consists of buses, lines 

generators, voltage and angles. 

In the main program subroutine OUT is called when-

;rer the results of load flow and outlage simulation are 

be stored on the disk. 

This subroutine also writes the following data in 

iporary file: 

1. System 1Tame 

. Branches or generators involved in outage 
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3. Bus name, voltage and angle at the bus 

4. line data: Sending bus, receiving bus, overload 

on lives and : lie loadings. 

This data is read by subroutine ABC. This subrou-

tine generators graphic display. 

4.3.1 Subroutines for graphic, display of outage: 

Subroutine name : ABC 

This subroutine reads the data written by 

subroutine OUT . 	It draws buses, lines and. gene- 

rators. It also writes 	cin,angle and vol,tages 

at the buses. 

Calling sequence 	: 	C. L ABC 

Call s 	a : 	GRAF, HEAD,DBUS, GENER, DL~1, 

BL INK , TMOD 

Variables: 

I*1 IHY1 	= Cordinates of first line of 

heading cordinates are of lo-

wer left corner letter 

IHX2, IHY2 	= Cordinates of second line 2 

of heading 

TYPE 	= Type of bus 

'H' Ho r in zont al 

±V` Vertical 
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IX1,IY1 	_ 	Centre point of bus. 

1W 	_ width or height, whichever 

is greater, of bus. 

IVXi, IVY1 	= Cordinate of lower left 

pointfor writing voltages 

B'TXl, I Yl 	_ 	Cordinate of lower left point 

for writing angles. 

IBXl, IBSYl 	= 	Cordinate for writing bus name 

k IX2, IY2) 

IX3, IY3 

IX4, IY4 	four successive point defining 

bus 
IX5, IY5 

IGl 	= 	Indicator to indicate presence 

of a generator 

0 Generator not present 

1 Generator present 

IRXI . IRY1 	= 	Coordinate of centre point 

of generator. 

Subroutine GRAP 

This subroutine clears -s-  green, puts screen 

in graphic mode chooses page one for both writing 

and display. 



IVX1 , IVY1 

INX1, h'Y1 

I BXl , I BYl 

~IX2, IY2) 

IX3, n3 

1X4, IY4 • 

IX5, IY5 

IGl 

four successive point defining 

bus 

Indicator to indicate presence 

of a generator 

0 Generator not present 

1 Generator present 

IRXl.. IRY1 	= 	Coordinate of centre point 

of generator. 

Subroutine GRAF 

This subroutine clears -screen, puts screen 

in graphic mode chooses page one for both writing 

and display. 

44 

= 	Centre point of bus. 

= width or height, whichever 

is greater, of bus. 

= Cordinate of lower left 

pointfor writing voltages 

= Cordinate of lower left point 

for writing angles. 

= Cordinate for writing bus name 
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Calling sequence 	: 	CALL GRAF 

Subroutine HEAD 

This subroutine writes two lines of text 

showing information about the system. First line 

displays system name. Second line displays type of 

outage, generator of line out and drop of rower in 

generator outage. 

Calling sequence 	: 	CALL HEAD 

Variables:-- 

IHXI, IHYl 	Cordinates of first line 

IHX2, IHY2 	_ 	Cordinates of second line 

N 	 - system name 

Bl 	 = 	sending bus 

B2 	 = Reciving bus 

B3 	 _ drop of power at the 

generator 

Subr. ou'Smb'oubl6 DBUS 
I Ut3RC vT..J," E DPOS 

This subroutine draws a bus at a given location 

of centre point of bus. It displays, name of the 

bus, angle and voltage at the bus. 

Calling sequence:- 

CALL DBUS (B, V, A, IXl IYI, IW, IVX1, IVYI , INX1, 

INY1 , IBXl , IBYl ,TYPE) 



IW  = 

IVXl,IVY1 

Argument s: - 

B 

V 

A 

IX1, IYl 

= 	Bus nam(. 

= 	Voltage at bus 

angle at the bus 

position of the centre point at 

the bus. 

width of the bus in pixels 

position of voltage text 

II'~ Xl , INYl = 

IBX1,IBY1 = 

Type  = 

position of angle text 

position for the bus name 

type of bus 

'H' for horizontal. 

'V' for vertical 

Subroutine DL IPT 

This subroutine draws a time between two buses. 

Calling sequence:- 

CALL LL IN (INNVA, IX2,1Y2, IX3, IY3, IX4 .IY4 , IX5, IY5) 

Argument s: - 

IMVA = 

	

	switch to indicate the out branch 

in outage studies 

0 - branch out 

1 - branch present 



IX2, IY2 

1X3, IY3 	= point describing path between 

IX4,IY4 	two buses 

IX5, IY5 

Subroutine lTK 

This subroutine blinks overloaded line. 

; i :i.n ,a11nugnsegrrence: - CALL BLINK (IX2, IY2; IY3, IX4, IY4, 

IX5,IY5) 

Arguments:- 

1X2, IY2 

IX3, IY3 

IX4, IY4 

1X5, IY5 

Subroutine GE ER 

define line between two buses 

This subroutine draws a generator given bus 

;Location and the location of the centre point of 

generator. 

Ca 	Calling sequence:- CALL (IXi, IYl, TYPE, IR)G,IRY1) 

Arguments: - 

IX1,IY1 = 	cordinates of the centre point 

of the bus 
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TYPE 	= type of bus 

'H' Horizontal 
'V' vertical, 

IRXI,IRYl = coordinates of centre point of 

the generator. 



CHAPTER - 5 

STRUCTURE OF PACKAGE 

	

5.1 	Objective: 

The object of the program is to perform load 

flow and outage studies using fast decoupled method. 

It allows the specific and automatic simulation 

of outages. The load flow techniques is one of 

the fastest technique available for large system. 

	

5.2 	Main Features: 

The main features of the program are as 

follows: 

- A system is given a unique name by which 

it is referred. 

- Two or more circuit may be inputed and 

interconnection defined between them. 

- 	Each bus can be given a unique name by 

which it referred in all subsequent I/O 

operation. 

- A bus may be voltage bus, load bus, 

reactive limited bus, voltage limited bus 

or a remotely controlled bus. 



- Branch may be defined between two buses 

which, may be a line, fixed-transformer, 

controllable transformer, fixed interconn-

ection, controllable interconnection or 

a pah se .shifter . 

- A shunt inductance a at a bus can be de-
fined. 

- MVA limits on bus may be defined program 

will indicate any violation. 

- 0 -''ges can be simulated automatically 

or can be specified specially. 

- Outage simulated are single line outages, 

double parallel outages, generator outages 

- Split. cases may be included or excluded 

from the study. 

- Additional -renerator data if present may 

be considered separately. 

- Active power may be distributed in the 

split conditions. 

- Voltage and reactive power limits may be 

removed in the outage studies. 

	

5.3 	Structure of Package: 

The main program (EX) is used to perform 

various steps of load flow and outage studies. 

The main program performs various function such 

	

(0trdl 	 of iioork 
RQQRKEE 
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as inputing load flow data, performing factorizing 

initializing the initial vectors, outrutting the 

result and performing outage studies. Program has 

one input, one output and five units for temporary 

storace on disk. Software has been dimensioned for: 

100 Nodes 

200 Branches 

50 Control" able transformers 

10 Systems 

20 Interconnection 

20 Phase-shiftE rs 

40 Generators 

4b Busbars with reactive limits 
40 Busbars with voltage limits 

The sub routines with tneir description is 

given below: 

5.3.1 Program EX 

This is the main program which calls various 

routines to input data, perform, Load flow, and 

outage studies. 

Subroutine Calls: I11, 1N2, FACTOR, INITIL LOAD, 
OUT, 1T3, nt4, AUTSIM, SEPSIM 
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5.3 .2 Subroutine IN . 

This subroutine allows user to enter the data 

i.ntF ract ivity from CRT 

subroutine calls : 	NONE. 

5.3.3 Subroutine I~? 2 

This subroutine reads line and branch data and 

checks its validity. it also reads systemdata. It sorts 

the buses alphabatically. It also produces a listing of 

input data. Also addition branch listing and bus listing 

consisting of B'matrix elements can also produced. 

Calls : 	1~6RT, HEADI, ERROR1, NSRT, LWASR,CHF IN 

5.3.4 Subroutine FACTOR. 

This subroutine factorizes Band B'' matries for 

angle and voltage calsalation. It. calculates inverse 

of Band B" matnices so that correction in an,-l_e and 

voltage may be calculated. 

Calls: 	INVl, I1`?V2, T?V3, UPl 

5.3.5 Subrout ine INV1 

This subroutine initializes the arrays for the 

calculation of matrix inverse. 
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5.3.6 Subroutine INV2 

This subroutine carries out pivoting modification 

of the arrays. 

Calls: 	NONE 

5.3.7 Subroutine INV3 

This subroutine performs back substitution for 

the calculation of inverse. 

Calls: 	NONE 

5.3.8 Subroutine INITIL 

This subroutine saves values which are modified 

by subroutine LOAD so that they may be used later. The 

saved values are initial active power at swing bus bar, 

initial setting of tap, initial voltage at remote 

controlling busbar, initial reactive power generated at 

controlled bus and voltage at reactive limited buses. 

CALLS: 	NONE 

5.3.9 Subroutine LOAL 

This subroutine solves the load flow problem. 

active and reactive power is calculated, from which vol-

tage and angle corrections are computed updated. Violation 

of limits on reactive power orvoltages at buses are 
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checked and corrected. Power in interconnection iscalcu-

lated. Tap portion is corrected and solution is checked 

for tt;,ucrgence. 

CALLS : 	PEACHK, kVRCHK, INV4,. SWICHK, UP2, VA,CRC, 

UP 2, T J CHK , VOL C: K 

5.3 .10 Subroutine I V4 

This subroutine finds the angle and voltage 

correction from the given A' and B'' matrix. The result 

is obtained in same array as the inrut vector. 

CALL 	NONE 

5.3.11 Subroutine VACRC 

This subroutine obtains non-constant scalar 

which multiplies the constant •orrection vectors of 

Band B" . These corrections are applied in case of 

outage studies. 

CALLS : 	NONE 

5.3.12 Subroutine SWICHIK 

This subroutine calculate power in the inter. 

connection and corrects active power generated at 

swing bus. 
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'5.3.13 	Subrout ine AVRCHK 

This subroutine calculates reactive power gene-

rated for nodes for which AVFt has not yet operated. It 

is called when generator data is present. 

CALLS : NONE. 

5.3.14 Subrout ine TAPCHK 

This subroutine checks voltage limits on buses 

controlled by a variable in phase transformer and corrects 

the tap portion. 

CALLS : UP2 

5. .15 Subroutine VOLCHK 

This subroutine checks voltage limits on PQ buses 

and corrects reactive power generated at the same node 

or correct the voltage at a PV bus depending in the way 

busbar has been defined as either remote controlled or 

local controlled. 

CALLS 	FNSRT, INV4, VACRC, UPI. 

5.3.16 	ubrout ine REACHK 

This subroutine checks reactive limit on PV Q 

buses and correct the voltage magnitude. 

CALLS 	: 	REACT, UP1, VACRC, PI`T SRT , INV4 
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5.3.17 	Subrout ine REACT 

This subroutine calculates reactive power generated 

in slack., swing, PV and PV with 0 limit nodes. 

Calls 	e 	UP3, UP4 

5.3.18 Subroutine OUT 

This subroutine prints output and check for over 

load, busbar limits and system exchange. In calculates 

reactive power at bus and the powers sent and received at 

each line. It also checks for losses. 

CALLS 	REACT, LOCALC, HEAD 2, PCALC, UP3, UP4. 

5.3.19 	Subroutine LOCALC 

Calculates MVA loading of a branch and compare 

with limits. There are two limits with which the loading 

is compared. 

C,-iLL S 	NONE 

5.3.20 	Subroutine PGALC 

This subroutine calculates the common values 

to lines, in—pahse transformers and phase—shifters, needed 

for calculation of active and reactive power flow. 

Calls 	NONE 
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5.3.21 	Subroutine IN3 

This subroutine reads selection of studies 

to be carried out and if indicated reads the generator 

data for all the studies. 

CALL S 	e 	INGEN, ERROR2. 

'.3.22 Subroutine f1GN 

This subroutine reads generator data as indicated 

in subroutine IN3. 

Calls 	ERROR2, BTASR, ERPOR2 

5.3.23 	Subrout ine In?4 

This subroutine reads parameters for outage 

study. Int ial ize the voltages and powers by calling sub-

routine ThIITIL . It saves the result of base case voltages, 

angle, reactive power and active power. 

CALLS 	t 	INT2, I?ITIL 

5.3.24. Subroutine INT2 

This subroutine refactorize B" matrix in case 

of generator data. 

CALLS 	INV1, iNV2, IN3, INV4, UPl, ERROR2 
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5.3.25 	Subroutine AUTSIM 

This subroutine simulates outages. The outage 

that may be simulated are single branch outage, double 

parallel branch outage, half loss generation and full 

loss generation. 

CALLS 	; 	RESB, INT3, OUT, VCHIK, LOAD, GSIM, BSIM, 

RESG, UP3 

5.3.26 	Subroutine ' VCHK 

This subroutine chE cks the change in voltage 

at a bus caused by outage with the permissible drop. 

If drop exceeds the permissible value it is printed. 

CALLS : HEAD3 

5.3.27 	Subroutine T1T3 

This subroutine initialize PG, ?G, V, TH and Y 

matrix for change in tap for controllable transformer. 

CALLS : UP2 

5.7 .28 Subroutine BSIM 

This subroutine simulates branch outages. Outaged 

branch parameter are changed. Split condition is checked, 

correction factor for voltage and angles are calculated. 

CALLS 	: 	SPLCHY, ThJV4, NSR, ERROR2 



59 

5.3.29 	Subroutine SPLCHK 

This subroutine handles split cases. The circuit 

is checked topologically for split condition. Power in 

outaged branch iscalculated and B and B'' refactorize. 

C: LL S 	9 	UP1, FACTOR, GRES 

5.3.30 	Subroutine GRES 

This subroutine redistributes active power 

accordingly to either governor droop or according to 

spare capacity. 

CALLS : NONE 

'5.3.31 	Subroutine GSIM 

This subroutine simulates generator outages. 

Qlimits of generator is reduced and the reactive power 

is also reduced..~nd fictious Q limits are assigned if 

there is no Q limits. 

CALLS : GRES. 

5.3.32 	Subroutine RE .G 

This subroutine resaturate all the values 

modified in routine GSIM 

C!4LLS : NONE 
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5.3.33 	Subroutine RESB 

Resaturation of branch values modified in 

routine BSIM subroutine is performed in this subroutine. 

CALLS : UP4 

5.3.34 	Subroutine S"EPSI 

This subroutine simulates specified outages. 

CALLS 	: 	GRES, RESB, LOAD, ERROR2, I T3, IN =iSR, 

OUT, GSIM, JPSR, BSIM, REG. 

5.3 .35 	Subroutine HEA.DI 

Prints titles for the printing of input 

:at a in the load flow study. 

CALLS : NONE 

5.3.36 Subrout ine HEAD2 

Prints titles for printing of output data 

in load flow study. 

CALLS 	None 

5.3.37 Subroutine HEAD3 

Prints heading for the volt age difference in 

a line during outage. 

CALLS : NONE.  
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5.3.38 	Subroutine ER`;OR1 

This subroutine prints error message in load 
flow study. 

CALLS 	None. 

5.3.39 	Subroutine ERPOR2 

This subroutine prints error messa2;e in the 

outage studies. 

CALLS a NONE 

5.3.40 	Subroutine UPI (L, I,K,N) 

Obtains sending number I, receiveing number. 

K of a branch packed in JUMP(L) also entry order of 

branch packed in N BR~=~I C (L). 

CALLS e NONE 

5.3.41 	Subrout ine UP2 (J, I,K) 

This subroutine obtains sending bus number I 

and receiving bus number K of branch packed in J. 

CALLS a NONE 

5.3.42 	Subroutine UP3(L,T,K,N,NC) 

This subroutine obtains sending number I, 

receiving number K, branch entry order N and circt.:t 

number NC fromJTJMF('%) and NBRI-~?C (L) 
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5.3.43 	Subroutine UP4 (J, I,K,NC) 

This subroutine obtains sending bus number I and 

receiving bus number K of branch packed. in J and circuit 

number NC is also obtained. 

CALLS : NONE. 

5.3.44 	Subroutine CHKI\ (CNOM1,CNl,INI,IFTT,K) 

This subroutine checks if name CN:l is already 

in table CNCN1. 

DTI, IFIN = limits of search. 

K 	= .if not in table 

C ILLS 	e 	NONE 

5.3.45 	Subroutine AS ' ( CNONN1, ITi B, TI\TI,IFIN) 

This subroutine sorts array CNONil alphabat i-

call.y . ITAB is parallel array arranged is same order as 

CIS?OMl . 

INI, IFIN - limits of aTOMl between which 

sorting takes place. 

CALLS 	NONE 

5.3.46 	Subroutine NN SRT (SSOR, ITAB, INI, IFIN) 

Numerical sort of array JSOR is performed.I.TiB 

is parallel array to JSOR 

INI, IFThT = limits of JSOR between which sorting 

take place. 
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5.3.47 	Subroutine E NSR (N2,Nj, J) 

Binary search for numerical arrays are 

performed. Branch entry order is N2, retruning position 
Ni, J is the array selected. 

CALLS : NONE 

	

5.3.48 	Subroutine H' ASR (CNOMl, (x`11, JNI, IFINI) 

Binary search of name CNl in table CNOM1 

INS, IFIN = limit... between which search take place. 

K = portion of name CI?1 in table CNOM1 

CLI,S : NONE 

	

5.3.49 	Subroutine BISRT (L,LlO) , 

Searches in MIP the first element in which 

busbar number L appears and return the position in 

L10 . 

	

5.3.50 	Subroutine JPSR (III, KKK, NSEC,LSE1) 

The subroutine searchs element III, KKK in 

circuit NSEC in array JUMP, LSE1 is the portion in jump 



54 Variables used in the Packag 

5.4.1 	Variables dimensiond for buses 

IFLAG _ 	Flag indicator 

iNOMI = 	Bus Name 

PG = 	active power generated 

QG ed = 	RLact ive rower generated 

PL, ct,ivcrpb~rrc ' load 

OL _ 	Reactive power load 

V = 	Voltage magnitude 

EK = 	Shunt suc.ept:^nce 

HK _ 	Capacitor and shunt susceptance 
YSR = 	Real part diagnol of admittance 

matrix 

YSI _ 	Imaginary part diagnol of 

admittance matrix 

PMM = 	working 'array = short circuit 

rating 

TH 	_ 	Voltagf- angle 

NOZE , LCOL, I..COLB, RSSEQ = used in factorization 

routine 
THCORR 	= 	Vector correction for B' 

VHCDRR 	= 	Vector oorrection for B 

PGSTO 	= 	PG base case load flow 

solut ion 
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VIHSTO 	- 	Voltage magnitude base ease 

load flow solution 

THST0 	= 	Voltage angle base solution 

I}DUX 	_ 	iuxillary storage 

5.4.2 Variable dimensioned for lines 

Q, = 	Inverse of reactance 

YR 	_ 	Real part of mutual admittance 

YT 	_ 	Imaginary part of mutual 

admittance 

J01L 2 	_ 	10000 m MVA Limit 1 + 

MVA limit 2 

JUMP 	= 	1000000 ct sending bus bar 

+ 1000 x Receiving bus bar + 
Number of circuit 

SSNL 	_ 	Total line suseptance/2 

ortapsett ing 

KLS, GLS, ILS, _''ised in factorization routine 

5.4.3 	Variable dimensioned for factorization 

subroutine 

Dimension 	= 2 x dimension of branchee, 

+ dimension of nodes 

DE, DB, ITAGB, LNXT, LNXT B 
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5.4.4 Variables dimensioned for phase shifter 

TAPB - 	Value of quadnature tap 

YRK1 _ 	Imag part of mutual admitance 

TAPB 

YIK1 = 	Real part of mutual admittance" 

TAPB 

NLP Arrayrelating JPIKL, T PB, , 

YRK1, YIK1 to branch entry order 
JPIKL _  as JUMP 

5.4.5 Variables dimensioned for controllable 

transformer 

TAPA _ 	present value of tap 
BL NIT _ 	Lower limit of tap 
STEP increment of tap per step 

TLM = 	upper limit of tap 

NLT = 	array relating TAPA, ELPIT, STEP, 

TLMT, VSPEC,JII}, 	TVSPEC to 

branch entry o:rc' r :r 

JT IKL = 	s JUMP 

VSPEC .specified voltage ,~u.~ it u .e 

TVSPEC = 	Tolerance specified in voltage 

magnitude 

YRT _ 	Real part of mutual admittance 

without tap 

YTT _ 	Imaginary part of mutual admittance 

without tap 

TAP Initial setting of tap 



5.4.6 Variables dimensioned for controllable phase-shifter 

These arrays are provided for -future implementa-

tion but are not used in the program 

BLMB, STEB, TLMB, PPSPC, TPPSPC 

5.4 .7 Vriables dimensioned for voltage limited buses 

VMIN = 	Minimum voltage limit 

VMAX = 	Maximum voltage limit 

ITAB = 	array relating VMIN, VN X to 

controlling bus bar 
ITS .B4 = 	Array relating VMIN, VMAX to con- 

trolling bus bar 

1NOMR1 = 	Name of controlling bus bar 
VS = 	Initial voltage at re mote contro- 

lling bus bar. 

QGS = 	Initial reactive power generated 

at controls ed bus bar 

SQ _ 	sensivity factor for PQ V or PO 

RV bus bar 

5..8 Variables dimentioned. for system 

NSISV 	_ 	number of the system 

fl IS 	= 	beginning of the system in array 
i NOMl 

IFINS 	= 	final of system in array ANOM1 
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NBXSTS _ 	number of bus bars of the system 

NRXSTS = 	number of branches of the system 

PSPEC = 	active power exchanged for the 

syst em 

TTSPEC _ 	tolarance in exchange specified 

for the system 

CNOMS _ 	Name of the system 

PGS _ 	Initial active power at swing 

bus 

5.4.9 Integer variables 
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JIN 

JOUT 

JT 1AP E 

JTEPE 

JITPE 

JTOPE 

JTUPE 

NODE 

= 	Input unit number 

Output unit numver 

Woikfiles 

1 Reference bus 

2 PV bus 

3 PQ bus 

4 swing bus 

5 PV with Q limits 

6 PQ with V limits (1r cal source) 

7 PQ with V limits (Remote source) 



NBRANC = 	1 	Line 

2 	Fixed Transformer 

3 	Con~Erollable Transformer 

4 	Fixed interconnection 

5 	Controllable Interconnection 

6 	Fixed phase shifter 

NK = 	Total number of nodes 

NL =  Total number of Branches 

NK•5 =  Number of PVQ buses 

NU~IS = 	Number of system 

NOT IV = 	Number of controllable intercom -- 

ect ion 

NOVR = 	Number of PQV and PQRV buses 

NOTV = 	Number of controllable 

NPHASE _ 	Number of phase shifters 

NL4 = 	Number of fixed interconnection 

NURUTA = 	1 outage study 

5.4.10 Indicator variables 

KJLIT 	= 	Number of .rterat ions of whis;i 

adjustments are automatically 

applied. 

KILL 	= 	switch to indisate error 

IAREA 	Indicators of Area inter changes 
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IIRE.g _ 	Second reference bar 

LFMAX _ 	2 - dimension of branches 

dimension of nodes 

ITER _ 	no of iterations 

MAXIT _ 	Maximum number of iteration 

IDIVE _ 	Indicator of divergence 

ICP - 	Switch to indicate Area inter- 

changes is required 

IC Q1 - 	switch to indicate nat voltage 

limits adjustment is required 

ICQ 2 _ 	switch to indicate that on line 

control tap adjustment is required 

ICQ3 _ 	Switch to indicate that reactive 

limit adjustment is required 

KPl - 	switch to indicate that active 

power has been modified in swing 

b' s 

KQ 1 _ 	switch to indicate that FQV and 

PQRV buses have been modified 

KQ3 switch to indicate that voltage 

of PVQ bus has been modified 

KQ4 = 	switch to indicate that AVR has 

been modified 

ICG - 	switch indicate there is generator 

dat a 
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TOUT - 	switch to indicate that load flow 

routine is used. for outage simu- 

lation 

TOUTI = 	Switch to indicate wither correction 

is req,_iired. for 1-B and B 	2. B 

only 3. B only 4. None. 

DCONVA _ 	Specified initial convergence to 

introduce adjustments. 

IVIO = 	Indicator that there is something 

wrong in load flow solution 

IJOL 1 a 	Indicator used to read only once 

in routine LOCI~,LC the array JO: L1L2 

from JTEPG 

IOU = 	numbers of branch outage 

IO'JL1 = 	number of load outages 

IOUG = 	number of generator outages 

IGEN = 	number of generators used for 

outage studies 

NGFN _ 	Total number of generators 

IIDI2 = 	switch to define redistribution 

accordance to governor drop 

IID13 - 	Switch to indicate redistribution 

according to spare cpacity. 

IPRAL _ 	Switch = 0 when automatic 

calculation of double parallel 

outages 

IOFF = 	Indicator of something wrong in 

simulation. 



5.4.11 Variables dimensioned for Q limited buses and 

generator 

WINWM 	= 	minimum reactive power generation 

03AAX ' 	= 	maximum react ive power generat ion 

IT...B5 	= 	Array relating Q MiX, QMIN to 

alph:abat icalorder 

VSS 	= 	Initial voltage at FVQ buses 

SQQ 	= 	Sensivity factor for reactive 

limits 

5.4.1! Variables dimensioned for generator 

NDOEG - 	10 - Number of bus bars + Node 

type 

EG _ 	Voltage behind synchronous reac- 

tance 

EGG = 	Not used 

BBB = 	inverse synchronous reactance 

ESTA Governor droop or 1/spare capacity 

FREV« = 	No load frequency 

JPMIMI- = 	10000 	PMIN,  + PMAX 

TA = 	Minimum reactive limit of gene- 

rator outaged 

TC - 	Maximum reactive. limit of gene- 

rator outaged 

JTi- 10000 - Minimum active power + 
maximum active power of Gen .out 
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5 ,5 . Input Structure 

For the ease of reading data from the card reader 

the data has been described as 80 coloumn wide. The data 
is formatted. 

The first two data card read eight character 

ASCII control variables. Total number of times program 

is to be excuted is also defined. The value of control 

when found in the first 8 colourrns of a data card signi-

fies either end of certain type of data or start of a 

new data, 

The control variables in 1st card are: 	 C 

Colourrn jFormat IVariable 

1 A8 AT IT 

9 A8 AMIS 

17 A8 ASIS 

25 AS ABAR 

33 AS AL IN 

41 AS AINT 

4g AS ALAN 

.57 A8 AFIN 

'65 	AS 	ASTUDT 

73 	AS 	AGEN ER  

iscription. 

Start of system data 

Start of coimmend cards 

Start reading system data 

Start reading bus data 

Start of line data 

start of inte:rconnec{ Ton data 

Go for outages study 

Finish study or finish 

interconnect ic n dat a 

Read if .generat,cr data 

present 

Start of outage data 



Variables defined in second card are: 

Coloumn 	Format (Variable 	IDescript ion 

1 	A8 	AOUPAR 	Start of outage data 

33 	A8 	AFFIN 	Start of second execution 

72 	I8 	ITOTI 	Total number of exeut ion s . 

Various types of records in sequence are: 

(a) 	System record 

This is a two card record. The record 

begins with control variable ATIT on the first 

card 

Colouzr 	!Format !Variable 	IDescript ion 
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1 10A8/6A8 ANOM 

49 I3 NEST 

52 13 NSCAO 

55 F53 DCONV 

6o 14 MAXIT 

64 Fu4 BASE 

68 10I1 IOPT 

78 F3., 0 P 

system heading 

Study 

Case 

Maximum MW/MVAR mismatch 

Maximum number of iteration 

MVA Base 

Ten option for printing 

Convergence factor 



5.4.11 Variables dimensioned for Q limited buses and 

generator 

WMIIN 	= 	minimum reactive power generation 

QMAX 	_ 	maximum reactive power generat ion 

IT ~B5 	_ 	Array relat ing Q MAX, QMIN to 

aiph:abat icalorder 

VSS 	= 	Initial voltage at FVQ buses 

SQQ 	= 	Sensivity factor for reactive 

limits 

5.4.12 Variables dimensioned for generator 

NDOEG _ 	10 - Number of bus bars + Node 

type 
EG = 	Voltage behind synchronous reac- 

tance 

EGG _ 	Not used 

BBB = 	inverse synchronous reactance 

ESTA - 	Governor droop or 1/spare capacity 

FI.EVA = 	No load frequency 

JPMIMA = 	10000 , PNIN, + PMAX 

TA = 	Minimum reactive limit of gene- 

rator outaged 

TC = 	Maximum reactive limit of gene- 

rator outaged 

JTA 10000 - Minimum active power + 

maximum active power of Gen .out 
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TX _ 	Governer droop or 1/spare capacity 

TD not used 

TE. inverse of synchronous reactance 

of generator outage 

TF _ 	Voltage behind synchronous 

reactance of generator outaged 

JAUX = 	1000-+ Generator entry number + Q 

limit entry number. 

JEUX _ 	1000 -i,  Fictitious Q limit entry 

order 	+ generator entry number. 

TJ = 	minimum voltage of controlled 

bus bar 

JK = 	Maximum 	vlotage of controlled 

bus bar. 

ITC _ 	Pointer to entry order of voltage 

limits. 

5.4.13 Variables diemnsioned for controllable inter-

connection 

JIIKL 	_ 	as JUMP 

IT4B'S 	_ 	Arrary relating interconnection 

to entry order 

ITA$6 	= 	100 - sending system + recieving 

system 
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(a) Comment cards 

These cards are etion~ 1. It begins control 

and variable AMIS. Upto 10 comments cards of 

80 column wide may be accomadated. 

(c) System data 

For each new system the circuit data is 

read. It begins with control variable ASIS. 

The variable read are: 

Colounn Format . Variable Description 

1 A8 AREFER Refrence bus name 

g 14 NSIS System number 
13 'F 5.0 PS active power exchange 

8 F3.0 TPS Tolerance in active power 

exchange 

21 7A8 	JTOM 	 System name 

(d) Bus data 

The bus data begins with variable ABAR 

The data describes and selects the type of bus. 

The records repeated until all buses have been 

described. The variable are: 
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Column (Format (Variable (Description 

1 A8 CONTROL Bus name 

9 F6.4 VK Voltage at the bus 

15 P6.1  PGK Active power generated 

21': F6.1 PLK Reactive power generated 

27 P6.1 PLK 1ct ive ,power load 

33 F6.1 QLK Reactive power load 

39 F6.1 OPNTMK Minimum reactive power 
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4.5 	P6.1  

51 F6.4 VMLNK 

57 F6.4 VMA c 

63 F5.0 VBt 	E-K. 

68 A8 CN 1MEY 

76 F5.0 RAT I 

generated 

Maximum reactive power 

,gen erat ed 

Minimum voltage limit 

Maximum voltage limit 

Base voltage 

Controlling bus 

Short circuit rating 

(e) Line data 

This data begins with variable 1 in It 

may repeated till all the lines have been 

described. This data ends with ACM' or : {IN. 



Column Format Variable IDescription 

1 	AS 	CONTROL 	Sending bus 

9 	A8 	CNAMEK 	Receiving bus 

F'7.5 	RR 	Line resistance in P:'J. 
./ 

/24 	F7.5 	XX 	Line reactance in P.U. 

31 	F7.5 	SS 	Total suseptance in P.U. 

38 	Il 	INDK 	Indicated for presence of 

phase shifter 

3S 	F5.2 	TAP 	./. initial tap 
44 	F5.2 	BB 	./. lower tap 

49 	F 4.2 	ST 	./. increment tap 

53 	F5.2 	TT 	./. upper tap 
64 	F6.4 	TS 	tolerance specification 

70 	15 	LFl 	lower NVA rating 

75 	I'5 	LF2 	upper MVA rating 

80 	Il 	NC 	Area number 

If INDIC = 1 then next card contains following data 

Coloumn 

	

Jorrit Variable Description 

1 F5.2 TEP Value of gued tap 

6 F5.2 BB ,/. Lower tap 

10 F4.2 ST ./. increment tap 

15 F5.2 TT ./. upper tap 

19 F6.1 VPS specified voltage 

25 F6.1 TS Tolerance specification 
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(f) Inter connection data 

This variable begins where ACTT and ends 

with variable 	AFIN. The variables read are: 

Colunn IDescription Format Variable 

1 A8 • CONTROL Sending bus 

9 A8 CONTRK Receiving bus 

17 F7.5 RR Line resistance in P.U. 

24 F.7.5 XX Line reactance in P.U. 

31 F7.5 SS Total susptance in P.U. 

38 I2 NS1 System sending No. 

40 I2 NS2 System receiving No 

70 15 LF1 Lower MV A limit 

I5 LF2 ..Upper.. MVA limit 

80 Ii 
r  

NC • 
; 

Area •number 

i 
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(f) Inter connection data 

This variable begins where AINT and ends 
with variable 	AFThT . The variables read are: 

Colurm ,Format (Variable (Description 

1 A8 • CONTROL Sending bus 
9 A8 CONTRK Receiving bus 

17 F7.5 RR Line resistance in P.U. 
24 F.7.5 XX Line reactance in P.U. 

31 F7.5 SS Total suspt ance in P.U.  
38 I2 NS1 System sending No. 
40 I2 NS2 System receiving No 
70 15 LFl . Lower MV~L limit 

15 LF2 :Upper MV A limit 

80 U NC Area number 

. 



(g) Generator input data 

This data begins with control card ASTUDY. 

The variables read are: 

Colu 	Format 	Variable 	Description 

1 	12 I STUr;L, 

3 	I2 ISTUD2 

5 	I2 ISTUD3 

7 	I2 ICGIlV 

9 	F5.2 FIFER 

1 for no generator data 

0 for no generator data 

0 for no generator data 

0 for no generator data 

Frequency drop behind 

generator. 

(h) Outage data 

This data instructs the type of outage studies 

to be carried out. The data begins with control card 

OUPAR. The vatiables read. are: 



Si 

Column 	(Format (Variable 4Descript ion 

1 Il IL1 

2 Il IL 2 

3 Ii x13 

4 I1 I G1 

5 Il 1G2 

6 I1 IG3 

7 I1 ICP 

8 Il ICP2 

9 Il ICQ1 

10 Il ICQ2 

11 Ii ICQ3 

12 Il ISPLIT 

25 F4.2 VDROP1 

3'3 	F4.2 	VDRO P 2 

33 	711 	IOPT  

Single line outage 

Double parallel outage 

Specified line outage 

Half loss generation 

Full loss generation 

Sepcified calculat ion 

Area interchanges 

Redistribution of power 

on split condition 
On line tap changing 

V limits on PQ V or 
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