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Abstract

A digital computer program has been developed to fi.nd the
time response of electromagnetic transients due to switching as
well as lightning surges in a three phase power system network
incorporating the line resistances. The formulation is based on
Bergeron's method (method of characteristic) for distributed
parameters and the trapezoidal rule of integration for lumped
parameters. All the network elements are replaced by their equi~
valent impedance networks to form a nodal conductance matrix for
the whole system. The performance equation of the system under
transient conditions has been developed in the form of a nodal
equation, which includes a past history term. This method gives
simultaneous solution of all busbar voltages of a system under
travelling wave conditions.

-,
Clarke's transformation (D,a,S) matrix has.7been used to

'rJ
compute the transients of a three phase system in modal domain
and then transform back to phase domain. A method has been deve-
loped for predetermination of overvoltages in the network as a
result of simultaneous lightning stroke on all three phases.

A number of computer studies of switching and lightning
transients have been made on some sample systems taken from diff-
erent literatures and also on several important sections of both
East and West grids as well as East-West interconnector of the
transmission system of Bangladesh Power Development Board (BPDB)
For each of the systems of studies the nodes which have the possi-
bilities of appreciable voltage build up are identified and the
computer plot of transient over-voltages at these nodes have been
provided.
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INTRODUCTION
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1.1 Transients in Power Systems

Transients in power systems are the OUt "ward manifes-

tationsl of a sudden change in circuit conditions as when a

switch opens or closes or a fault occurs in a system or any

voltage is suddenly induced2(lightning stroke) from a source

outside the system. By definition transients are non-sustained;

the time elapsed between occurance of transient currents and

voltages,and the adjustment to their steady state modes of

variations is called the transient period. Although transient

periods are generally of short duration2, it is during these

periods that some of ~the most serious and involved operating
problems are encountered.

The origin, nature, and duration of a voltage transient

normally determines the type3 of the transient. Externally dev-

loped over-voltages like lightning discharges on overhead tran-

smission lines primarily determined the basic insulation level

of a system operating at lower voltages in the past. But with

the continued. growth in demand for power, higher operating vol-

tages (230KV and above) are being adopted by the power systems

these days. The insulation level of the extra high-voltage

(EHV) and ult~qhigh-voltage (UHV) transmission systems are

considered to be entirely dependent on the magnitude of the

dangerous transient over-voltages resulting from a switching

operation specially energisation of transmission line.
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Present day research in the field of power system

transients aims atzaccurate determination of the peaks of

a transient at the design stage so that means to minimise

their effects or even to eliminate them completely can be

incorporated in the design.

1.2 Methods of Solution
The transient over-voltages on ~the transmission sys-

,

computer such as a transient
I

although f1cilitates setting up a physical model of a system
Iand the measurement of transients, suffers from severe limi-
I

tations inl scope and accuracy which stems from the represen-,

terns have been determined for some time by means of an analogue
. 4network analyser (TNA). A TNA

tat ion of distributed parameters such'as line or line sections
I ! ~

bYTT-secti~ms or' lumped elements.
I
IAmong the methods.'using digitaL'computer simulation,

those' based on-the roartial differential equations known as-

wave equation of a distributed parameter line provide more

accurate solutions. These methods have been widely used in

.. ( ;

the study of line energisation transients. In the me.thod
, 5 6of reflection lattice technique due to Bewley' transient

l~ J t . - bover-vo ~ages alone or wo-polnts ln a large system can e

calculated effitientlY with a prior knowledge of reflection

and refraction o:oefficients. But .their computation becomes,
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f)
more and more&umbersome process the more the complexity

~
of the system under study .. Another important method be-
ing used in a number of countries for digital computer

8 20studies of large systems is the Bergeron's method'

This is a special application of the method of character-

istic for the solution of the wave equations. Bergeron's

method, although originally devised as a graphical technique,

can be described by the two port equations and equivaleht-

network, which facilitates a matrix description of ihe
whole system under travelling wave conditions for simulta-

Ineous solution of all busbar (node) voltages. Any number of
Isources can be acco~~odated, and non-linearities are easi~y
I Idealt with. I

Finite difference method offers an accurate

of the line equations. However, the method appears
solution
i
to be an

I

inefficient one - it. requires a large storage, and tb avoid

numerical instability, inconveniently small increments in
time and distance.

. 7
A Fourier transform method has the advantage that

transmission lines with frequency dependent parameters can be
I

represented. However, the Fourier transform is applicablej
Ito linear systems. This is a limitat10n of this method. Tie

use of truncated range of frequencies for time solution from
I
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the frequency response of a system leads to unwanted osci-

llations around the frue function due to 'Gibbs phenomena'.

The modified Fourier transform has been developed to mini-

mise the problem.-Also a modified Fourier transform method

of dealing with some non-linearities which are piecewise

linear has been recently developed. Compared to most of the

other methods, the numerical calculations involved in this

method are considerable. In spi t.e of the accuracy provided

by this method its application appears to be -restricted

to smaller systems.

Multiphase transmission 'problems are generally

analysed by the method of modal analysis. The coefficient

matrices of simultaneous pertial differential equations

such as surge -impedanc or brach _admi ttance matrices containing

off-diagonal elements which represent the mutual coupling

between the: phases, are transformed __to diagonal form by _the

use of different modal transformations and the-transient

behaviour of the system is interpreted in terms of different

modes of propagation. Modal analysis has been combined with

most of the methods viz. the modified Fourier transform7,
13 11Laplace -transform , Bewley's method _ and- the Bergeron's

8method to -analyse -themul tiphase probl.em.

;t-
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1.3 Purpose of the Present Investigation

In an investigation of transient on a transmission system

when energised from an infinite bus, it is essential to consider

losses and mutual coupling in a multiphase transmission line.

In this work for the computation of transients of a three

phase system with a consideration of the losses in distributed

line resistances, the nodal admittance matrix method has been

used. This method is based on the characteristics method and the-

refore also on the graphical method for distributed parameters

and the trapezoidal rule of integration for lumped parameters.

The choice of a modal reference frame for the solution of

multiphase transmission problem is dependent on the electrical

description of the line. The O,~,j.3 reference has been considered

as ideal for the purpose of the present investigation.

A new computer program has been developed on the basis of

the analysis presented here. The results obtained for some of the

systems of studies by this work have been compared with the resu-

lts for .the .same systems studied by other works using different

methods.
Some studies ofirnportantsections of both the East Grid and

West Grid of BPDB power network together with those for the East-

West Interconnector have been made to predetermine the overvol-

tages under transient conditions in the three phases system.



•

CHAPTER_2

NODAL ADMITT~~CE MATRIX METHOD
AND

MODAL ANALYSIS FOR MULTI PHASE SYSTEMS
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2.1 Formulation of Nodal Admittance Matrix Method8for
Transient Studies

A digital computer solution for transients is necessarily a

step by step procedure that proceeds along the time axis with a

variable or fixed step width At. Starting from the initial condit-

ion at t = 0 the state of the system is found at t = At, 2 At, 3 At,

...........•.•. until the maximum time tmax for the particular case

(fixed or variable At) has been reached. While solving for the state

at time t, the previous states att - At, known. as the past hist ~

ory should be available. The solution of the wave equation for dis-

tributed parameter transmission line, has to be combined with solu-

tion of first order differential equations for such lumped elements

as the transformers along the line.

In the case of distributed parameter transmission lines it is

conveninet to subdivide lines into section of equal travel time7,

T = At. This requires the introduction of fictitious nodes ,along

the, line...

2.1.1 Lossless line

The equivalent impedance network in Fig. 2.2 for a loss less

transmission line8 is constructed from d'Alemberts solution of the

simplified wave equations.and Bergeron's concept20 of the constant

relationship between voltage and current waves travelling along

the line.
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The Wave Equation

Fig.2.1 considers the single phase representation of a diff-

erential element dx of the transmission line3 with inductance L'

and capacitance C' per unit length.

L' 01-;.

C'~~ e+de(x}T 1 .
d.. . I

The voltage

the amount

~(x;tl measured at the coordinate x, changes with
8e(x,t) dx along the element dx. Whereas the voltage8x

drop in the. same will be L ' __(,i (x,t) dat x.

For voltage equilibrium-we thus must require

8e(x,t)
8x

= -L' 8i(x,t)
(,t

2.1

-We similarly derive an expression for the current equation

8i(x,t)
8x = -C' 8e (x, t)

8t 2.2

Upon differentiating equation (2.1) with respect to x and equa-

tion (2.2) with respect to t, and then combining the two, we get

82e(x,t)
8x2

= 1

v2
82e(x,t)

8t2
2.3
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where for brevity we have introduced

. 1
;/(L'C')

this parameter has the physical dimension of meters/second i.e.

velocity. Equation (2.3) is known as wave equation. Its general

solution as given by d'Alembert8is in terms of current:

i{x,t) = fl(x-vt) + f2 (x+vt)

while in terms of voltage;
I

2.4

e (x,t) = Z f1 (x-vt) - Z f2 (x+vt) 2.5

Iwith f1 (x-vt) and f2 (x+yt) being arbitrary functions of the
Ivariables (x-vt) and (x+vt). The physical interpretation is that
I I

f ( ) is a wave trave!ling ~t velocity v in a forward direct~1 x-vt ! I

ion and f2{x+vt) a wave t~avell~ng at the same velocity in a
! !

backward direction.

Z in equation (2.5)

city.

Z=!(L'/C')

v = l/!{L'C')

I
is the surge impedance, v is the phase velo-

2.6a

2.6b

Multiplying equation (2.4) by Z and adding it to or subtracting

(2.5) givesit from equation
-e{x,t) + Zi(x,t)

e(x,t) - Zi(x,t)

i
=- 2Zf l(x-'vt)i

= -2Zf2 (x+vt)

2.7a

2.7b

In equation (2.7a) the expression (e+Zi) is constant when

(x-vt) is constant and in equation (2.7b) (e-Zi) is constant
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when (x+vt) is constant. The expressions (x-vt) = constant and

(x+vt) = constant are called the characteristics of the differ-

ential equation.

The significance of equation (2.7a) may be visualized in the

fOllowing way; let a fictitious observer travel alog the line in

a forward direction at velocity v. Then (~vt) and conequently

(e+Zi) along the line will be constant for him. If the travel

time to get from one end of the line-to the other end is
d- -- =v

d/(r,'C' ) 2.8

where d is the length of the line; then the expression (e+Zi)

encountered by the observer ~hen he leaves node m at time t-T

must still be the same when he arrives at node K at time t, that

is e (t- T)+ Zi k(t- T) = ek(t) +Z(-ik (tl)
m ffi, , fm

(currents as in "Fig. 2.2). From this equation follows the simple

two port equation for ik :,m

and anlogous 2.9a

im,k (t) e (t) + I (t- T )m m
o

,~------ o

e" (-i.)

(C.)

(a) Lossle!>s Une
(1:»

(b) [qu iVG Ie" t
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with equivalent current sources Ik and 1m, which are known at

..the 1nstant t from the past hisnry at time t - ,;

1Ik (t -, ) = - -'-z- em (t - ,) - im,k(t - ,)
2.9b

I (t - ,)
m = - i (t - ,)k,m

Figure 2.2 shows the corresponding equivalent inpedance net-

work, which fully dascribes the lossless line at the terminals.

Topologically the terminals are not connected; the conditions

at the other end .are only seen indirectly and with a time del-

ay ,through the equivalent current sources I.

Updating past history
I
I Replacing t -, by t in equation (2.9b) it can be dedu-

ced that

when

i k (t)In,_

= - ---zl e (t) - i k(t)m m,

1= e (t) + Im(t - ~t);Z m for ,= ~t

2.9c

as seen from equation (2.9a)

t the nodal currents are calculated using the

ik m (t),

And analogous 1- (t) =
I ' m
1

with
I
IThus at any time

'1- - e' (t) -Z k
1 .

= -Z- ek (t)

ik (t),m

+ 1'\0( (t- lit)

,2.9d

value of Ik or 1m from the previous time step and then Ik(Im)
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is evaluated at time t in its turn using the latest value

in ~(i'7n) i.e. the va1ue calculated just now. This value
~,i!S p',i:!)"

f~Ik (1m) is the past history for the next time ,ss5'PLe. the

time t + ht.

For use in the very fist time step t = ~tthe initial

value for Ik, 1m must be given as input data i.e. value at

t = 0; or if t = 0 be the first time step than ,the values at

t = - LIt.

2.1.2

i
I

I
, , IApproxlmatlon of series resistance of lines

iThis work considers the total resistance R as if lumped
I 8,21by R/4 at both en9s I and R/2 at the middle of the line
I Isection. Under this assumption the equivalent impedance net-
I

work of Fig. 2.1. land the method of updating ~ past hitory des-
I

cribed in the preceding section 2.1.1. are still valid; only
I

the values8 ,chang~' slightly (I analogous, to Ik);m

z = -Ju., I /e ') + R/4

Ik(t-t)= «1+h)/2)

+ «(I-h) /2

from equation

from equation
(2.9b)]

(2.9b)}

2.10a

2.10b

with h = (Z - R/~/(Z t R/4)

i

2.10c

2.1.3 Inductance

For the inductance L of a branch k,m (Fig. 2.3) we have,
Noh K Noe-&.IT}

+ f (~'-(~}l ~~,m({-Dt) [--t+
I f?-= 2.L I

12." (i) /)~ "'m(t)

_,j, D<;"''''' (b) p''''-1-
t;.;q. ?.... (C) 7:1"\~,hnr.. (b) $)?(...s/VttC/' •...J- ;"....,bL)••....o:..< ,.,eh../dk
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2.11a
•,

which must be integrated from the known state at t -bt to the

unknown state at t :

ik (t),m = i
k

(t- At) +,m
1
L - e )dt

m
2.llb

. h . d 22 f' .USlng t e trapZol al rule 0 lntegratlon

ik (t)=ik (t-At)+ L1At,In ,m
ek (t) + ek (t-At)

2

e (t)+e (t-At)m m
2

with the equivalent current source Ik,m known

history:

i

f*m

2.12a

the past

Ik .(t- At) = ik (t- lit) + ~(e (t-lIt) - emLt-Llt»)
. , m , m 2L k

Updating past history

Substitating t = t - lit in equation (2.12a) gives

2.12b

At iik,m{t-Llt) = ----n- (eklt-At) - em(t-6t»)+Ik,m(t-26t) I 2.12c

Substitllting ik . (t-lIt) from equation (2.12c) into eqlation
,m I

(2.12b) gives,
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2./lol

Equation (2.12d) is a recursive formula.to be used in updating

Ik is each time step.,m
at time (t - IH:) becomes

Thus Ik evaluated using this equation,m
a past history for the next time step

i.e. at .time t or in other words at t what is current value of

I becomes a past history at next time step or time.(t. +tJf).
I k,m
i,
iTO assure correct initial values, in the very first time step

Ik .must be preset before entering the time step loop i.e.t=ot,m

I I/<,ff':C,-,,;J-,CI):= (k,... (0) - ~t("'1<..(0) - e,..,(o})

I i
IiThe initial conditions e(O) for voltage and i(O) for currents

iare part of the impu t.
!
:The Fig. 2.3. corresponds ..to equation ..(.2.12a)

2.1.4 Capacitance

For the capacitance C of a branch k,m (Fig.2.4), we have

2.. /3a.:::
..
l F,~ (-<),

Iwhichi on integration from known state~at .(t - tHe) to the unkn-
Iown state at t givec,;

j{~J('/:,~({)d-r = creed!) -e,.,({)) -(el<. (hilt) -e,." (t-M)j]
aY, €. k (t) - P ~ (f) := 1. rjt (/: ,...(f) ~ + €.I<..(f - 1Jf) - E",... (.( -tJ-f)c../!-i.. -Ilf-' j
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which can be integrated on R.H.S. with the trapezoidal rule,

which yields after a simple manipulation and rearrangement,

2C
Dt.

2./3b

wi th.the equivalent .currentsource_ 10km known from the past,
( history:

(1-:,"'" ({ -Llt) - (~~) ( ef<.{' -M) -.:,- (, -M))
. 2.13C

The equivalent impedance network corresponding to equation(2.13b)

is shown in Fig.2.4

NotU"k II o Noc:&-mc I,

( lA)

Ik,,.,,, ((-tH,)
+ ->

Roc LJ-(
2C.

e/«f.)
e In ct.)

L- i (b)
Datum D" !t<,."

updating past history:

Exactly following the same procedure as applied for.,..il1duct-,

ance a recursive formula for updating the past history record
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I can be deduced:k,m

h,fY' O-td) :::- 2(~~)(ekJ{-M) - e",,{f-<H))

- 1".,." ({ - Z-LH)
2.13d

2.1.5 Resistance

For completeness we add the branch equation for the resis-
tance (Fig.2.5):

K
-I-

r-/:}. 2. 5.

e r>" (~)

Ll
])",!u~

I
I
I

I

2.2 Nodal Egu;tions

With all natwrok elements replaced by equivalent impedance
networks8 as in Figs. 2.2 2.5, it is very simple to establi-
sh the nodal equations for any arbitrary system comprising trans-

system at time t:.

of linear algebraic equations that

nodal conductance matrix

-, '

Imission line and lumped parametersR.L .'C..The resui t is a system
I

describe ~hl state of the

z..J5['!J [e((-)J

With [YJ
[e(+)] : Column vector of node voltages at time t.
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[loU] Column cector of injected node currents at time t

" (specified current source from datum to node)

[ IJ Known column vector, which is made up of known
equivalent current sources 1.

The real symmetric conductance matrix ry] remains unchanged as

long as 4 t: rema:insunchanged. It is therefore preferable though

not mandatory, to work with fixed time step width Df .

Example: Let us consider the following sample system to illustra-

te the formation of the nodal equations and hence nodal condudan-

ce matrix ['1] .under transient conditions ..as in equation (2.15).

c

LD5.5y {l'~ ...•s,..."j-
SS iV)o'l /'"",e secHv-n

~ '.J . 2. (,. Sc. fY' ):>Ie
ciyc/e

SIT A 11 u("Y'\.b.e y 1 YL-YO;1f?,.", . e

i" cA." "-"" Ie.!> c node nu""J,e¥.

I
IThe differentcelements or branches between nodes of the

'aboie system may be replaced by the corresponding equivalent im-

pedance networks to obtain the configuration of Fig. 2.7.
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=

z

=

2L
~

~(Vr)z

,
i

I
"'Is 1"'" oj [:,'5 .-2..<; . l,f;.,e/, iJ-s

eye. Y'i"hhced .by /2e <?JUI\k;/,.~f-.
,/ ,

u~oGiy fyct.f;e~f c~d;hvY>;

I

z

1="5 2.7, '1J..,f? sc!YY'opf<?

cJ...,'fj e 1<..0' f- bye;,... c"< € '.

,'", p-e d",., c e n e /udYJ<...$

TJ...e"

@

Q)
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In [~Jthe row corresponding to the node (6) of known voltage

is excluded. If the switch between nodes' (6) and (5) be closed

then Y56 and Y65 would be -1000.00 p.u. (an arbitrary large val-

ue to represent infinite conductance), Y55 = Z +1000.00, and

Y66 = 1000.00.

In the matrix [~J all the elements must be in per unit.

Z and the equivalent curren~sources associated with the lossy

transmission line section should be according to equations

(2.10a) thruugh (Z.10c).

[e(-UJ IS

flU]
[((u] -
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since no specified current sources exists between any node and

datum of tbe sample system.

and,

(Ipdt)2

(Ipd)3

(I/J<JV4

(J/>'1<)5

( [/>'1010

t (f-LH).-<-I .•..(~-"f:)
L, ,

r4, 3> l~-il t) -J- 13 (~- T )

I4 (t- - T)
15 ((--T)

o

2.2.1 Practical comDutation
i
I, In the equation (2.15) part of the voltages will be known
I(specified excitations) and the other will be unknown. Let the

nodes be subdividedinto~a' subse~t'.~:Aof .nodes~with unknovm -voltages

and a subsect B of nodes with known voltages. Subdividing the

matrices and columv€ctDrs accordingly, '""eget from equation (2.15),

['!A~] ['fAr>] ef>,(f) LA (I) [tf' ]I
I
I

~~ 1M] LYr>r>J -€r:d+) l,'3> (f) @r>J
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•

j-zrv z./J... " C- J.. 1J...e u~ k ~ 0 J.<'V'

SO/V;,,] ['/A1'] [e" (~)]

ve cloy [e,A (i)J 15 jov~cJ b)/

[ J of 0 t "J [ YA/3] [e(3, (,j)

Both the matrices [YA;,] .and [ 'lAB] involving step length ~~

remain constant so long as Llf remains unchanged. This amounts

to the solution of a system of linear equations in each time

step. Equation (2.16) is. solved by the diagonalization of the

augmen~matix [~AA][YAg]by Gauss-Jorden elimination method22

once and for all before entering the time step loop. The same

procedure is then extended to the vector [IfO-l~(] iJ]each

time step;

2.2.2 Incorporation of switching criteria

The network may .inClude any. number of switches or circuit

breakers which may change their positions in accordance with

a predefined criteria. They are represented as ideal (Y =oC
8when closed and Y = 0 when open) • But as computer can not

handle 'oC' the value of Y in closed condition will be

approximated by 1000.00 p.u. which is large relative to the

values of other elements in the m~trix [y] With more than

one switches in the networki t is preferable to build.[YAA] [YAiJ
anew each time a change occurs. However it is not necessary
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to repeat the entire diagonalization process with each change.

Nodes with switches connected are arranged at the bottom(Fig.
2. Sa)

SAOU

(b) Ailer

(b)
compufi:<hoYi .

~""c/.. Cl"",,)""

Then the diagonalization is carried out only for nodes

without switches. This also yields a reduced matrix for the node

with switches (assumed to be open before entering the time

step loop). Whenever the switch position changes the value of

the elements in the reduced matrix is modified to reflect swi-
I

tch positions (if switch retween nodes i and j be closed Yij

= 1000.00 otherwise Y .. =1 0). Then the diagonalization is com-lJ
pleted for the rest of' the matrix ['fAA] [YA-iJ. .
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2.3 Modal Analysis of Multiphase Systems

Tke power transmission lines are constructed as three phase

line either single circuit involing three power conductors with

or without an earth wire or double circuit in which there are

six power conductors7 again with the possibility of an earth'
wire.

Although the basic travelling wave equations remain unaltered

when a multiphase or multiconductor system is considered. Mutual

coupling exists between the phase.conductors of the system

which modifies the transmission line overvoltages7 due to line

surges or line energisation and must be taken into consideration.
I. 'Thls may be effected by replacement of scalar surge impedance or
I

brartch admittances in a single phase system by impedance and
I

admftance matrices. But then the solution of remaining, system

equations become complicated by the presence of off-diagonal ele-

ments in the matrices representing the mutual cupling8 between
the phases.

2.3.1 Transformation matrix

Matrix theory provides a solution to the above problem by

int~oducing7 a trnsformation matrix of a suitable form to diagona-I
lizei the matric equations. Finding such a transformation matrix

is tbe well-known eigen value8 problem. Briefly the procedure for

a th1ree phase system consists of finding three eign values or

characteristic roots ~ of the matrix13,14 to be diagonalized

and then from these corresponding three column matrices X (the
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eign vectors) to satisfy: (~ - A fJ)( = 0 2.1'1

when the bar (-) carrys same meaning as 'f ]' for matrix not-

ation.

In our problem Z is the surge impedance matrix or the

impedance of a three phase (a,b,c) symmetrical element24 given

by

where self impedance =IA

2.19,

I
i
i

I
I

I

I

and mutual impedance

We are required to find a transformation matrix L such that

is diagonal.

With Z of equation (2.18) the vaiues of ;\ are given as
7the roots of the following determinantal equation

, . c: . A : C.-b, c.-I" t:.+Zb

::-0
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The corresponding eigen vectors are found by using each of

these three4eigen values inturn in equation (2.17). Then with

X in the fom

( 1- , .

the repeated value of .i\ = C. -b yields,

Possible choices of X are,

possible to choose two independent solution to thisandiit is
it-equa lon.
1 ? 1, (-I+j r))j2... J

~i, C-,-jJ3)jL,

(-I ~jl3J/2)
c.~'-i-j r3J./2... J

-This choice introduces th~ complex quantities of the well-

kno~n symmetrical components which are-generally used for sinu-
!

soidal steady statell conditions. The use of complex quantities

in -transient analysis -will almost -double the computation time.

Therefore it is preferable to work with real quantities.

consequently it is convenient in studying transient pheno-

mena to choose a real -eign vector such as

being

and

i { J2-, - )L
aSllOCiated with

1°, n .

- J-,- J:: ;1.0<

/-0< = a.-b



2-20

The eigen vector associatrd with the eign value /'0 ~ C+2b

can be chosen -to be {1, 1, 1} -= X 0 say. If the 3 X 3 matrix

L is constructed from the eigen vectors as

r2 0-* J37L
- _?z. - f3h.-

then it is generally known as the modal transformation matrix.

This is also the well-known 00<13 transformation matrix.

Th~ matrix L has th~ following properties:

:ii) [ LJ [LJ {. ::-
OY, [Tc][Tc]t

tfl- e ye
J

J3
as

CI k' t f t- t - 24 dar e s rans orma lon rna rlX an
!

[u] is the unit matrix.

Properties (i) and (ii) show respectively that the matrix [LJ
Iand hence [Tc] are orthogonal and-unitary matrices. These two

froperties enable the same matrix (Tc] to hold equally for

current and voltage transformations.
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[ l~beJ

Also the matrix Tc is power .invariant i.e.

to voltage and currents in a'three phase

In the above expression the term 'mode'

I
"

J,.
f3

refers to three modes
Iof which any solution
isystem can be compri-

l
I

+ J3:/L
!- J3fi-

sed.

of propagation designated by

And it is evident that 1 +1 +1 = 3i whichabc 0

I

I
showsjthat ,sum of

three phase currents is independent of 'father equal

to three times the ground current. Accordingly'thed,j3 modes
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of propagation are described as aerial mode or line mode and

O d d d h' h ' 1 "f' 21, h tmo e as groun mo e. T e1r p YS1ca s1gn1 1cance 1S t a

the ground mode with all elements equal to 1 describes the

loop with all conductors of the multiphase system in parallel

and return through the ground conductor or ground itself (id-

entical to zero sequence component) while 0( and j3, mode

describes two loops each consisting of the first conductor

but having return~via- the second conductor and the third con.,.

ductor respectively.

With the help of a transformation matrix it is possible to

represent a three phase line by three modes of propagation,

the voltages (current,) of, which travel :independently of each

other and are free of mutual effects7• Each of the independent

equation in the modal domainS can then be solved with the algo-

rithm to the single phase line by using its own modal travel

time -and _modal--surge impedance • Finally wetrans-:rorm- our-

results back into abc phse quantities by power invariant

form of transformation matrix 'T 'c .
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2.3.2 Modal Analysis of Multiphase Switching Transients

Let us conside~ a three phase equilateral linell section

of Fig.2.9 (transposed and hence symmetric impedance matrix)

energised by balanced three phase sinusoidal excitations

from an infinite bus.
INf-'N'TE

f?,u~ I3ItJZ

b

c

376
E 61 U' L I)T£7(A L

L INo

I ".
. FI'~' 2. 91' .::>~.
Then transforming

I

E't",;fcc/ey,;:f' C/nv,f

the terminal conditions into comp-

onents gives the source voltage

1/.[3 'In '/J) v", c.,s c.Jf.

- hi;, -fj~ -fli, v"" LcJ( wf -Il;)-
0 [ij2- - JIlL VI"- 6>' ((.J{ - 2."! 0)
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which can beshownll to be equal to

o o
e.

::: == ,f3 (as wt

If: VmSirlwt .j3 Sin wt

~ and /3 mode.2.10, we need to consider only

when expressed as p.u. of the 'r.m.s. voltage from line to
i

neutral. l-

Obviously this trnsformation has effered us a great adv ntage

in that we have not to 'de~lwi.li:'zero mode response sincellzero:U U .
mode excitation is absent i.e.eo(t) = O. Thus out of the thre1e

decoupled mode transform equivalent circuits depicted ib Fig.1
I .

!
I,,

L•. C•. Z.

(a) Zero mode transform equivalent circuit
(a)

Fig. 2 .10 -
lp) {C I

(b) Alpha-mode' transform equivalent circuit
'~ (c) Beta mode transform equivalent circuit.
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Interestingly enough another advantage ~esults; alpha and

beta mode parameters are equal for a symmetrical network such

as transmission lines so that we do not have to account the

difference. in surge impedance and surge velocity due to mode

variation and hence have not to follow a different scheme of

subdivision of the line length and interpolate8 the past his-

tory records between different modal time steps to correlate

all the modes at any instant of time. Moreover we need to comp-

ute the system admittance matrix [YJ only once corresponding

to either alpha or beta mode equivalent circuits, which differ

only in excitation functions.

The final step requires transformation back to the phase

be the alpha and beta mode response vol-

tagesat any node'in the network of Fig. 2.9 then the phase

values of the response are obtained by the equation:

V~
VO Ijr-J }2/3- . 0

roo
\Jb, [TcJ '00( 'Iv -Jjfb Ilh v"~,"

Vc
1Jj3

-II J(, LV~lin -I/r;

Since zero mode excitation is zero so is its response. Then

the phase voltages become
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'iD - I/"-/,
'I [j, - IIr(,

o o

o . <& / (, "1 :J ~ S \)0(

,
_ 0 '1 0 ~ 2- "! Z 2. Vo<, + o.? 07- / Do{, 7- \J;3
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2.3.3 Modal Analysis of Lightning Transients in a Multiphase
System:

It ,is assumed that all the three phases are simultaneous-

ly hit by lightning stroke. The lightning stroke is considered

as if three identical 1/50;«S impulse voltages each applied

to a phase conductor at the point of incidence of a lightning

'stroke. Thus the problem of analysing lightning transient be-

comes modified to that of switching. Applying transformation,
ifrom phase to modal domain as in the section 2.3.2. provides,

- ILelo.<I~J [lcJ_1 Le"bc]

~ [ eio J V"
I)!) '/13 e('JQ,< Jzh -J)~ - '/n, €(+),

fZ...p.
I 0 e(~)
i '1fi, -I/n.-
,

,J:!> eLf)

0

0
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when e(t) represents lightning impulse5and is identical for

stroke on each phase. The expression for e (t) is

dO /. 0 "b 7 02.. ( e. -' 0/4 '33M: _(,'0730104-&)- -e.-
of the normal frequency peak voltage 12 from linep.u. or power

to neutral. Tk~ s"jrnbol 'e'0"" «.I-I.S. rn""'~s ex,b"H:",fia/.

This when needs to be referred to the normal r.m.s voltage from

line to neutral should be multiplied by .Ii = 1'4/42..}35'

The transformation carried out suggests that while analy-

sing lightning transient only one mode of excitation be consi-

dered, the other two modes being zero.

The next step is the transformation back from modal to.

phase domain using the equation

ViA lIb J2-/3 0 \:], \Yol!}
0

-Vb I/h -1/« Y~2.. 0 Vo/JJ

\5<- '/0 - J/f7. -I/h 0 'Vojh

where 0( and /3 mode responses are zero. since the corresponding

excitations were zero.
It is evident that if all the phases are affected equally

due to lightning stroke then computation in only one modal dom-

ain simplifies the work.



CHAPTER 3

COMPUTER ANALYSIS
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3.1 Computer Program

Developing an efficient program requires optimum saving

both in memory and computer time requirements. Electromagnetic

transient programs become more and more complex and time con-

suming as the size of the system increases. Significant and

useful studies as regards the predetermination of the develop-

ment of over-voltages under transient conditions on selected

and important sections of the whole system can therefore be und-

ertaken.

This work has developed a computer program based on some

simplifying assumptions and has run the same on IBM 370/115

computer at BUET.

3.1.1' Assumptions
i) Zero and positive sequence data in actual unit as well as

the corresponding base value are input data for respectively

lightning and switching transient study.

ii) The initial conditions are also part of input if the sys-

tem under study is not initially relaxed. Otherwise zero ini-

tial conditions are assumed.

iii) The system comprises only .transmission line, R, .L,C lumped

parameter and circuit breakers between nodes (buses) or between

node and datum in such a way that lumped parameters Land C do
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not occur together while a lumped resistance R occurs not

alone but with either an inductance or a capacitance betw-
~

een same two nodes (other than datum node). In case of

parallel R-L or R-C branch between two nodes, the branch

card furnishing data on L or C branch follows that for R

in the sequence of data card.

iv) The datum node is designated as 1.

v) The remaining nodes or buses are numbered in such a way

that the nodes with unknown voltage and without switchs occu~

py the lowest onesl, those with switches higher and the nodes
Iwith specified voltage sources the highest.
Ivi) There is a switch bbtween each node with specified voltage
i Isource and that with unknown voltage. This switch would remain

:
closed throughout the analysis of lightning transient but not

I

in case of switchibg transient.

3.2 Algorithm and Flow-Chart

A brief description of the computer program developed

is presented in the form of algorithm and flow chart combi-

ned. Figures 3.1 through 3.3 respectively show the flow charts

for the main-program, the subroutines for lightning and swit-

ching transients.
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In addition to the C=~~~~fprogram for transient computat-

ion 'two supporting programs. have ,been developed to find ini-

tial ~voltageS and currents of a system initially in steady

state by a load flow study and to plot the output data on over-

voltages respectively prior and subsequent,to the use of the

transient program.

Listing of all these programs are enclosed in Appendix-A.
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4.1 Introduction

In this chapter a number of studies are incorporated of

which first three are made on system configuration taken from

available literatureslO,13 to verify the results obtained by

the method adopted by this work.

Study-II reveals that most severe transient over-voltage

occurs for the energisation of a transmission line with open

circuit condition and it takes a time longer than 5 cycles
~to settle to a steady state value. Inste.Mof a computer analy-
~

sis for such a long time an idea of miximum over-voltage can

be had from an,analysis for first few cycles or a fraction the-

reof depending upon the length and travel time of the whole

line section. The remaining studies are mostly on energisation

of different important scetions with one or more open receiving

end condition taken from both East and West grid of Bangladesh

Power Development Board (BPDB); the analyses were made just

for a time about twice the respective travel time of each line

section.

Unlike studies II & III in subsequent studies three phase

cosine voltages of 1.0 p.u. rmsvalue were applied to the line

with first phase having a zero initial angle and the other two

phase" angles being -120 degrees and -240 degres.
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With each study computer plots of over-voltages at one

or more selected nodes .is provided. The plots are approximate•
since a digital computer can not locate a point exactly; e.g.

if 0.2 p.u. per small division is a choice of scale for plot

then 1.0 or 1.10 p;u. over-voltage will be marked at the

same point on the plot-plane.

4.2 Systems of Studies

s. At node 3 the stimulant is abasic unit)

,
4.2.1 Study-I :

System under S~dY-I is identical to a small single phase

system (Fig.4.l) analysed by weedyl0 using digital lattice,
technique. In the Filg.4.1. each line is labelled with surge

Iimpedance and surge travel time in micro-second (multiple of
. !I

e.g. 4010../L,l
I -

rectangular wave of ~nfinite duration.
!

The configuration in a form acceptable for the computer

program of this work- is shown in Fig.4.2.

The plot in Fig.4.3. for over-voltages at node 4 and node

5 (identical) obtained by this work using a quite different met-
10hod is in agreement with ~hat found by Weedy
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PLOT OF SW ITCHING OVER- VOLTAGE AT NODE hJO • 4
DUE TO STEP II-WUT IN A I.PHASE SYSTEI~

'IlOLJ_IN~._U_. ___ - -
-4- -3 -2 - I Q + 1 +2 +3 +4
++++++.~++ •.~+++t.~~++t.t++++++++++++t++~+t+

1+ T + + , +- + + +
-. , +
+ , +

4+ + + • + +
+ +
+ +

,'1 7+ .- + +- + + +
I + +
C +- +
R 10+ + + +- + +- +
0 + + ..h

+ + ,
S 13+ + + + + +- + IJ1

E f- +
C + +
0 16+- +- + +- + +
N + +
D + f-

19 + + + + , T + + +
+ +
+ +

22+- + + + + + +
+ +
+ +

25+ + + + + + T + +

Fig.4.3 •.Response at node nO.4 ot system
.shownin Fig.4.2.of Study-l
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Study-II

system under Study-II is a 156.23 miles long three phase

line with receiving end open and sending end connected to an

infinite bus or impedanceless generator as in Fig. 4.4. The si-

mple was analysed by Dram and Miller13 using matrix method of

Laplace transform. To make the system compatible with the met-

hod of this work as well as to achieve more accuracy the line

is divided into 17 segments of 50 f's travel time (9.15 miles)

each as in Fig. 4.5

It was assumed that three phase sine voltages of unit

amplitude were applied to the line, with the first phase hav-
,

ibg a zero initial angle and the other two phse angles being
!
I-[20 degrees and -240 degrees.

Three phase voltages at the receiving end of the line

are plotted individually as in Fig.4.6 with the help of digi-

tal computer. A good agreement is obtained between this and

that provided by Dram and Miller23

The voltage wave shapes are quite erratic before sett-

ling down to a recognizable sinusoidal pattern after about
i
five to six cycles with respect to system frequency (60 H in

I z

~he said work13). This extreme transient response is a result

if two factors : first, the open circuit at the receiving end

of the line leads to severe reflection of the travelling waves,
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f-'LO r OF ~.•[TCH(NG OilER-veL TA,GE H NO:lE NO. 2

vaL r IN P.U.

pHA::;E-C ClHA~E-B ~l-':A.SC:: •-2 -I H '2 - , - 1 • 1 ., - 1 >l .2
~~~++.~•••+ •• ++++.+ •• +++++ •••.•.••.•• + .•.+ •. + •••. + •••••••.••••••••• ++ •••.

te. 'JC • • • • • .' • • • • • •
• • • • • •
• • • • • •

4.ljr,::' • • • • • • • • • •
• • • • • •• • • • •

7r) 0 C1 • • • • • • • • • •• ! • • • + +
• • • • • +

1:J:: ') c • • • • • • • •
• I • • • • •
• + + + • •

1 ::!':)DO" I'
., • • • • • •

• t • • + • •• • • • • •
L6::" ':,c. [. • • • • • • • •

+ • • • • •
• I • + + • •I

190GO. • • .' • • • • •
• • • • • •
• • • • • •

2 zou C • • • • .- • • • •• • • • •• • • • • •
2:;1),:< .•. • • • • • • • •

• • • • • •• • • • • •
2301;::; • , ~ • • • • • • •

• • • c • • •
• • • • • •

.310:l0. • • • • • • • • • •
• • • • • •
• • • + + •

34C-:1 C, + • • • • • • • • •
• • • • • •• • • + • •

37000 + + + • • • • •• + + • • •• + + • • +
4,)OOC. • • • • • + • +

+ • + • + •
+ + + • + +

4 300e + • • • • • + •• + + + • •
M • + • • + •
I 46000 + + • + • + + • •
c + + + • + +
R + • • • + +
a 49000+ • + + • + + •• • • • • +
5 • + + • • •
E 52C:~+ • • • • + • •
c • • + • • •
a • • • • • •
N 550ao •. • • • • • • +
a + • + + • +

• • • • • •
580:J 0+ • • • • • •

• • • + • •• • • + • •
6101jC+ • • • • • •• + • • • •

• • • + • •
64;)0 C" + • • • • •• • • • • •

+ + • • • •
67000. • + • • • +

+ • • • • .', . • + • • •
7~"C.C .• • • + • •• • • • + •• • • • • •
73C':;~. • • • • • •• • + • + •• , • • • •
7600C. • • • .' • •• • • • • •• • • • • •
79J'JO •. • • • • • •• • • • • •

• • • • • •
82000"- • • • • • •• • • • • +

• • • • • •
85000. • + • • • •• • • • • •• • • • • •
08000 •. • • • • • • •• • • • • •

+.

~

• • • + +
9 lOIil'~. + + • • + +

• • + • + +
• • • • • •

<)4000. + + + • + • • +
• • • • • •• • • • •.,,~';.) •. . . , • •

1=,;),4" R.e.s p(".,/'yl,Je ",I yt!Ceo t v''1 ''''',.({ no,h ",',2)

Of "''' u"loah<1 II~ oe.. .sAOUh ,'~h~' 4, 5, oj Sf-dy-II
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and second the lack o£ impedance at excitation end, which

normally would attenuate the reflection and thus smooth

the transient response.

4.2.3 Study-III

System under Study-III is exactly the same as that of

Study-II but with a balanced load of 1.0 per unit resistance

connected at the receiving end (Fig. "4.7).

The computer plot in Fig. 4.8./ of voltages at recei-

ving end is in close ag~eement with that of Dram and Ferro13•

The voltages go through a transient period of about 1 cycle

before reaching steady state values of approximately 1.0 per

~nit in all phases.

The response of the first phase (A) is quite smooth

and drops out quickly while the second (B) and third Ie)

phases have rough edges and require about 1 cycle before the

transient disappears. The reason for this is that the first

phase is excited at zero voltage, which then continued sinu-

soidally. On the other hand, the second and third phases

were excited with sudden steps of voltages because their

phase angles were -120 degrees and -240 degrees lagging re-

lative to the first phase. The transient responses13 circuit

excited with unit steps will be erratic and of relatively

long duration.
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PLOT OF SWITCHING OVC'P-VOL T4GE liT NODE NO. 2
VLlL T IN P.U.

PHlISE-C 0Ht\:;C-O ;'>H 4SE-4

-2 - I ') +1 +2 -"? - \ \.! + 1 +"? -2 -1 0 +1 +"?

++t+++,~+++~++.+.+~t++ ~.+++++~++.++++t+t+++ +t+++++~++t+++++++++t
500+ , (' + •• + •• 3 , , + + + +

+ ----+--,--, + + +

, + +
-_._--

+ + +

2(1')(\+ + + + + + + + + , +

, .. + + + +

+ + + + + +

35-crO + - .+ .~-+--~---•.~ + + •• + + + ••
+ + .. + + +

+ + + + •• +

5(; -:<~+ + + + + •• + '+ + ••
+ + •• + + ••
•• + •• + + +

6500t + + + + + + t

+ + + + + +

M t + + t +
,

1 8000+ + •• + + + + t ~

C ., + + t + + ,

R + + t + t + !i
0 951)0 + t + + + •• + +

+ t + + + +

S + + +
, + t

E 11000+ + t + + t + +

C + •• t + + +

0 + t. + + + +

N 12:)00+ + + + + + + + + +

D + + + + + t

+ + + •• + +

1 4(. n~}+ + t + + t t + + +

+ + + + + t

+ + + + + +

155t)D .t- •• t + + t •• + + +

+ <- <- <- + t

+ <- + + + <-

17000 •. + + + + ~ <- + + + +

+ + + I •• <- +

+ + .. I + + +

t8500+ t + + 1\ + + + + t

+ + + II + + +

+ + + , + +
,

20000 t , + + +. + •• + •• +

Fig. ~.8 Response .atreceiving.end (node no.2)
of baiance.resistive load tenninated system
.shown in Fig.•4.70f study-III

•
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4.2.4 Study-IV

This study considers a section of the BRDB grid,

namely the East-West interconnector of..an approximate length

110 miles (586/-'5 travel time) being excited from an infinate

bus at Ghorasal and transformer terminated at Ishurdi bus
•as in Fig.4.9. The energisation rms voltage is assumed to

be 230 KV so that the base impedance for this system is 5~~

ohms on the bases of 230 KV and 100 MVA.
i

iThe transformer is represented by the leakage induct-

ance referred to primary side. Then bolh the nodes 3 and 2

respectively representing the primary And the secondary side
I I

of the transformer or two ends of the induct~nce are appare-
I I

ntly at same voltages due to the open Jnd coAdition at node
I '

2(capacitance effect of the transformer has been neglected).
I

The plot of over-voltages in Fig. 4.10 shows distorted

and oscillatry nature of the voltage transient due .to the

presence of transformer (inductance) terminated end (node

no. 2) •

The over-voltage in first phase (A) surpasses those
Iof the second (B) ,and the third (e) phases because of initial
i

values (at t =0 or just immediately before the first time,

setp) of corresponding excitation as mention~d in the section

4.2.3. In the first phase it was 1.41 p.u. (leA ~ j2. <.sui p.lA)
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while in each of 2nd and 3rd phases were -.707 p.ll. corres-
ponding to (e",= V'l-Co$(I.)/:-/20.)) o.."d. (ec= V2. (oS (c.Jt-z."lo.))

hesp"c fively.

51St> ~.s
J '8 bOO " fY'; J,,-,

..p-e Y ..S'e-c.on..{ .

TY~veJ n~e =
Ve loc...-')-::: oj pYDt(JC: h""", =0

IZesis.A-<-<- fey •..•~;;. ('1J~ = O.21~ oJ.._-,

.J,,-cL..,-fr~..•.fu-Y V~I) 1Jelh-.... :: 2038"2. r4

CRj>-<,-,' h~,-,-ry v~)t',;1I), = 6" 0 1"'1 b .f" F
=0 110. 0 ""J"le.~

<;:/5/(''''' .f~eY'5'" :
"SY5 feffl .bC.5<? o!c:k.

50 H1:.

2.30 k..V,
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PLOT GF S'II'ITCHI"lG OVER-VOLTl\GE II,T r-.()(lC NU. ~
VOLT J N l'.U.

IJHJ\5E-C. "'11ASE-U PIt"~E::-1\
_~ _;; _I 0 +1 .'"2 '!-3 -3 -::! -I 0 +-1 •.:;: +-J -3 -2 •. 1 ~, +-1 +7. +3;

.•.•. +- ••.•.•••. t- •. / ..• t •.•.•. t +- ! f- .••.•••••• +- t. f- •.•••••• +- •••• t .•.'1-" +- I- •• +- •. t +-+ •.•.•. I- f- •. f- +- t, •..•••.•.•.•..•. t •.•.•.+- f- I. f- .•.•.•••.•• t •.j .•.•.•.•. I •. t t t t, •.•.•.•. +- •.
:31)6+ •. t •.•. +- 1 +- .•• t •. +- +-.. .•.•. +

•• •• +- •• .• +
•. •• +- •. t +

2 J4 4" t.... f-" •..•. •.•.•.•.•. •. i-
t- .•• t •. +- +
+- •• •• +- f- f-

4\02+- t""""'''' f- .•..•. t I+-" +
f- •• •• f- .•• +
T .•. •• f- +- f-

5~I~O+ t t .•. •.•. .•. •.•. •. +- +-.. .•.•. I

•• •. +- f- •• •• r
M •. •. __ ..• ~te__ +_ f- +- •• '"
( 7 6 1 0" •.•. +- +- t.. •. +-.. -_.- +- •• +-........ ,~

( •• +- f- •• •• •• '1
f. •. .•. •. .•. •. •. '-
(J 9 J7 b+ •. t t .•.•.•.•.•..•.•. J+ •..•. •. t •. •. ~.

t •. •. •. •. •. '

"- t •. +- •. •• +E 11134+ +-.. +- ••• + ....---+----+---- •. •. •.•. •..•. f- +-
C" ++ t+- +
0" +-+ +-+ •
N 12 Sf} 2 t •. •.•. •. +-.. f- I +- t- +- •••• •• +-" f-
a t T. +- I •. •. i-

I ++) +-. •
\ 4 b:> 0" •. t.. +- f- ..."... f- +-... t +- +- t

f- •• •• •. •• i-
•. .•. .•. t. •. i-

I to 40 8 +- +- j. •• t- •. •.•. •.•. + •.•. •.•• •.•... .. •. .. •. •... ... .. .. .. ..
1816(," •. ~ .••.•. .• •.•. + •.•. •. •. t •.

+ •. +- •• •• ••
~ + •. •. .• •.

1'1')24+ .•. I •..••. .•. •.•.•..••. t. t t" •.

Fig. 4.10. Fesp:Jnse at the term,inal p:Jint (node no.2) .of_a. transformer'
teoninated system ShCMrlin Fig. 4.9 of Study-IV.
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4.2.5 study-v

The system under this study consists of the Ghorasal-

Siddhirganj-Kaptai 132 KV line section of BPDB grid being

energised from Ghorasal as in Fig. 4 .11. The line was divided

into 9 segments of travel time 126 ;Us (24.0 miles) each.

a nearby open terminal (node no.ll), an

in Figs.4.l2-4.l4 are obtained for transient

A small cable section of 0.9 mile length between node

no.2 (Siddhirganj) and overhead transmission line section com-

ing from node ~o. 10 (Kaptai) has been represented as a lumped,
I

parameter (~.~ection). However, the branch comprising induc-

tance (L) and Jesistance (R) is series in the IT section

has been conveJted into a parallel R-L branch resulting in

th . t' I f I de elemlna lO~ 0 a~ excess no e.

The Plols
iover-voltages at

intermediate node (nodeno.5) and the open far end (node no.

10) respectively.

The large difference between the surge impedance (30

ohma) of cable section and that of the overhead transmission
(\line (3VO ohms) causfs a major percentage of the incident

voltage to be reflected from both the junction (node no.2

and node no.3) of th~ system showm in Fig.4.ll. Consequently

appreciable over-volfages results at nearby open terminal

(node no. 11) and the far open end (node no.10). The maximum
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over-voltage (Phase-A and phase-C) at the node nO.10 exceeds

that at the node nO.ll because of added reflections from the
b

'open-end' condition.

~ Cal, I~ Sf"(J;""7
sJ...cJ.m JVN\f<e-~ .

Co n ji:;u y~ h'o,.,

@

i
oj Sfv.ofy - V

Re S IS /7~<-<- ~y U~,). (~'3h. =- 0 'l, 2. O1.~s/M;I,

'J "c;L.....c. h • <.<.. P---Y u~,) 10::)1-1, =-,jbll'Z. ~H/f>o.ile
. ,

Cflj:>"(.A'T'T~<'-< . F-'u u,,'j /"':::JH. =- 'OISZ?1"",'/,
L i",,- l"j>tJ-.. ("'«us eg~y = ZLj.o "")0

VelD <.••,Jy oj pYO!'iJ"'Ji"'" ,g~cn>o ",,"IJ ••,rty s«~d

, I.
Le".)fI..... =- 0 '.:71/ I""

,R,,,,sish,,-,- ~y u~// ("'.::'jH. ::: 0 ./{, 2.cIJ.~.sJ",,'/,
.J "C,L.., c..h've. Iu-", e..-f. - u. fe y -= 0" 3 5 d2,~4h' if•.

u ,i/- ("::IN.. .
Ca f" '-''1.,- •....•.f-<v v,if (~:::7ft..=- 450'0 hPj 1>1 IJ"

6".se. ~c-Ar.: /32.kV,IOOMYA, 1~''L4d2.-s.
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PHASE.- A.
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+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-
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+ + -- • +
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•
+ +

._.. + +
+

6e 2+- + + + • + + + + • + + + • + ~-~-+

M --.. + +
+ •

+

1 +
+ +-_.__ ..~----- + + • .l>

c 1260+- • • • + + + • + • + • + + • +

R +
+ • + • + \

a •
- +-- • • • -

\ 63 8+- • • + + • ,: + • • + • •-- • • • .,p

S +
+ +

+ • •

E •
+ •

+ •
+

C 2016. • • • + • + • + • • • • + •

G •
+ +

+ •
N • • + • +

0 2394+- +
_. + • • • + + + • + • •

• • + • +

•
+ • • +

2172+- • • • + + • • + + + + + + . y +

+ • •
+ •

+
+ •

+ +

.3 \St.+- • • • • + • • • + + +
0/ • •

• + +
+ +

• + -. • +

352B+- • • + • • • + • + • + • • + • + • • +

Fig. 4.13 • Response at 3.n.intermediate node (node no.5) between source

end and open receiving end of system shown in.Fig.4.11 of study-V.
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Fj.g.4.1~. R0sponse at open receiving end (nO(18 no.10)
of systcln sllown in Fig.4.11 of study-V.
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4-20

• The system of this study is the 'sameas that of Study-v

excepting that the excitation c:::::::---:~= '!f;i~
( ~)from Ghorasal may be looked upon as that from a large

external system represented by a Thevenin's voltage source

together with a series reactance Xth computed from(Base

MVA)/(Shortcircuit MVA).

The presence of the impedance in generator circuit at

Ghorasal end makes the magnitude of over-voltages of same phases

less compared with those at the same nodes of the system of

Study-Vas shown in the plots of Fig. 4.16 - 4.18.

Also the wave shapes are more smooth than those obta-
ined in Study-V.
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pL.-or OF sw ITCH ING OVER-VOLTo\GE AT NODE ,'liD. II
VOLT IN P. u.
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Fig. 4.16. Response at an open te rmina 1 (nodeno ..11) of system shown in Fig.4.15 of Study-VI.



PLOT UF SWITCHl~G OVER-VOLT~GE AT NODE NO. 5
VOLT IN P.U.
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of Study-VI.



PLOT OF Sift TOlING OVER-VOLT •.••GE AT NODE NO. 10
VOL T IN f'. u.
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Fig. 4.1B Response at open receiving end (node no.1O)
of system shown in Fig. 4.15 of study-VI.
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4.2.7 Study-VII

This study undertakes the system configration'of the

Study-V in section 4.2.5. but considers excitation of the

line section from Kaptai end (node noJ2) as shown in Fig.4.l9.

The plots of over-voltages at two open terminals (node

no.ll and node no.2) and at an intermediate point (node no.G)

on the right of the cable section are shown in Fig.4.20, Figo

4,22 and Fig.4.2l respectively.

The identical over-voltages at node nb. 2 and ..nodeno.
I

11 are more than those for same phases at co~resPOnding nodes

10 and 11 of the system configuration of stu~y-v •. This is
. I

because of the presence of two open terminals (node no.2 and

node no. 11) in the form of a bifurcation (fhrk) al the recei-
I '
Iving end of the line.section of this study, feading to an in-

creased reflection of the voltage incident at the cable over-

head line junction at node no.3 (Fig.4~19).
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PLOT OF SWITCHING QVER-VOL1'lloGE " NODE: NO. II
VOLT f N P.U.
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---------- Fig. 4.29. Response at an open terminal (node nO.ll)
of sys tern shown in F 103:-4-:'1"9:--'of Study-VII.



P_OT OF SWITCHING OVER-VOLT~GE AT NODE NO. 6
VOLT IN P.U.
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P_ DT OF SW rTCH ING OVER-VOLTA.GE .r NODE ~O. 2
VOLT ( N P. u.
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Fig. 4.21 Response at open receiving end (node nO.2)
of system shown in Fig. 4.19 of Study-VII.
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Ishurdi (node no.7).
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4.2.8 Studv-VIII

The system shown in Fig. 4.23 ahd considered by this

study is 'Goalpara-Ishurdi-Thakurgaon transmission line of

West grid BPDB which was in relaxed condition before its ener-

gisation from Ghorasal through East-West interconnector. The

total length of line was divided into I' segments of travel time

195 ",icY. s~<o•.(.(37.omiles) each.

Over-voltages were plotted at both the open ends (node

nos. 2 and 10) as shown in Fig~ 4.24 and Fig. 4.25 respectivly.

The wave shapes can be eXPlaihed in the same way as in sect-
Iion 4.2.7 because of the presence of a bifurcated line at,

I
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Fig. 4.2~. Response at an open terminal (node no.2)
of an initially relaxed system shown'in"Fig. 4.23
of Study-VIII.
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P_OT OF SWITCHING OVr:R-VOLTA,G~ q NODt: .~O• I:;;
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4.2.9 study-IX

Th~ system configuration of this study as in Fig.4.26a

is same as that of preceding Study-VIII but with two lagging

loads connected at Ishurdi and Thakurgaon. Prior to its ener-

gisation it was assumed to be in steady state under excita-

tion from Goalpara. A load flow study is performed to obtain

the initial conditions on node voltages and internode currents

of the system configuration shown in Fig. 4.26b. where the
!

source bus at Goalpara is considered as 'slack bus'.
I

I The plots of over-voltages are provided in Fig. 4.27

and Fig. 4.28.

I due to loaded condition at Thakurgaon (node no.2) the
I Iov~r-vo~tages were diminished~in magnitude as evident from
i !

Fi~. 4.27 relative to that found by the preceding study.
IHowever, the non zero initial voltages caused the over-voltages

of phase-A and phase-C at the open end of Goalpara (node no.

10) to be more than those obtained in Study-VIII of section

4.2.8. Even an over~voltage peak as high as 5.8 p.u. has resu-

lted in phase-C as apparent from the plot of Fig. 4.28. This

conforms to the view7 that the magnitude of over-voltage pro-
i

duced dJpends on the magnitude of the initial voltage trapped
. I

on the 1ineand are enhanced when the initial trapped-charge

volt~ge in of opposite polarity. The.waveforms of Fig.4.28

obtained with a trapped-charge (initial)voltage of 1.05 p.u.

per phase at the node no.10 reveals this fact when compared
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with thewaveform~ of Fig. 4.25.
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system shown in Fig. 4.26. of Study-IX.
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4.2.10 Study-X

• The system shown in Fig. 4.29 in this study comprises the

Sylhet-Siddhirganj-Kaptai transmission line section of East grid

of BPDB the three phases of which are simultaneously subjected

to individual lightning impulses (1/50?' ). Double lightning

strokes at an interval of 500 microseconds are considered to be

incident at Sylhet end. The whole line was divided into 15

segments of 126 ,/',. travel time (24.0 mile) each.

The computer plots in Fig. 4.30 and Fig.4.31 respectively

shows over-voltages at an intermediate point (node no.6) and

at a nearby open end (node nO.16). The maximum peak found is.

1.6 p.u. at node nO.16.

The same system configuration on single phase and loss-

less representation for lightning surge effect by a previous

workS. But it did not consider the small cable section which

would cause severe reflection of the travelling waves. Hore-

over the representation of the lightning impulse in that work

was with a peak of approximately 1.016 p.u. of the base voltage

(132 KV rms value). Whereas in this work the impulse peak is
9-12referred to the peak value of system frequency (50 Hz)

voltage (line to neutral) so that-in p.u. of system base vol-

"ogt (132 XV) Che ,~e be'=e, 1. 016 X12 p. u. H ,~, rofor-
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ence for lightning impulse peak as in this work were adopted

by the said workS the magnitude of over-voltages would have
»

been more than that obtained by it without considering line

resistances and lumped cable section (1.51 p.u.) at Ghorasal

(node no.6 in Fig. 4.29). Then in an indirect way it can be

inferred that line resistance has also got an effect in the

attenuation of the over-voltage peak to some extent.
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4.2.11 Study-XI

study-XI considers the system configuration of Fig.

4.32 which includes Thakurgaon-Mongla 132 KV transmission

line of West grid of BPDB subjected to a double lightning

stroke at an interval of 500 microseconds at Thakurgaon.

The whole line was divided into 16 equal segments of 126~>

travel time (24.0 miles) each.

Mongla(node

Ion'single
I

no. 15) •

The open far ends, node no.lS and node no.17 are id-
ientified as points for voltage surge build u~ and plot of
Iover-voltages respectively given in Fig. 4.33 and Fig.434.
IThe maximum over-voltage obtained is 3.0 p.u. at

I
A previous work6 on lightning transieAts

phase basis shows an over-voltage of 3.577 ~.u.at open end

(node no. 15) Mongla in the system of Fig. 4.32. In that work

line resistance was neglected and also the representation of

the lightning impulse was with a peak of approximately 1.016

p.u. of the system base voltage (usually rms value is meant)

as discussed in section 4.2.10. This comparison also leads

to an inference of the diminishing effect of line resistance

on over-voltage peaks.
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5.1 Conclusion

The mathematical basis for computation of switching •

and lightning transient over-voltages in a multiphase lossy

power system network using the nodal admittance matrix met-

hod together with the method of modal analysis has been

explained. Based on the mathematical formulations a compu-

ter program has been developed. Also two supporting prog-

rams have been developed respectively to obtain initial

values of voltage and current in a system in steadyistate
I

by a load flow study prior to the transient study, And to
!provide a plot of the over-voltages at selected nodes using

data output (results on over-voltages) from the mail program.
I IThe response of a number of transmission sYftems ~o
,

switching and lightning surges has been described through,
the use of the developed digital computer programs. 'The res-

ults obtained by the method .of this work for some of the

sample systems are in close agreement with results found by

other works using different methods on the same systems of

studies. This verifies the validity of the formulation of

the nodal admittance matrix method by this work.
,

The plots of over-voltages for different system of

Clstudies under various operating conditions show that: I

(il The energy dissipation in series line resistances tf

the transmission line diminishes the over-voltage peak to

some extent.

•
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(ii) The mutual coupling between phases of a multiphase

system leads to higher voltage transients.

(iii) The switching over-voltages in a system which was

initially in steady stage may exceed those when the same

was initially relaxed.

5.2 Future Research Area

The emphasis in this work was an technique of handling

losses in series resistances of the transmission lines and

three phase system network. For designing a more improved

and reliable system from transient performance point of view

it is suggested that future research works be undertaken in

this field. Some of them are:

(i) Application,of nodal admittance matrix method combined
"th t f th d d 1 t" t h" 15-19 t "Wl rans orm me 0 an convo u lon ec nlque 0 In-

corporate frequency dependence in transient analysis on mul-

liphase basis.

(ii) Incorporation of the problem of machine (generator)

transients, non linear parameters and corona effect.
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A.l COMPUTER PROGRAM NO.1
MAIN PROGRAM ON STUDY OF ELECTROMAGNETIC

I
. ITRANSIENTS
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THIS PROGRAM HAS BEEN D~VELOPED BY S.SHAHNA,WAZ AHMED AS REQUIREDBY HIS M.SC.ENGINEERING THESIS TITLED "COMPuTER ANALYSIS OF
ELECTROMA,GNETIC TRANSIENTS IN A ~ULTIPHASE LOSSY POWER SYSTEM
NETWORK" UNDER THE GUIDANCE OF PROFESSOR SYED FAZL-I RA-iMAN OF
ELECTRICAc A~D ELECTRONIC ENGINEERING DEPARTMENT,B.U,E.T.IN 1994.
THE PROGRAM COM"UTES TRA~SIENT OVER-VOLTAGES DUE TO SWIT~HING AND
LIGHTNING IN.A THREE PHA,SE SYSTEr~ CONSIDERING LOSS DUE TO ITS
LINE RESISTANCES BY FORMA,TION OF NODAL CONDuCTANCE MATRIX FOR THE
SYSTEM UNDER TRANSIENT CONDITIUN USING BERGERON'S METHOD OF
CHARECTERI5TIC FOR DISTRIBUTED PARAMETERS AND TRAPRZOIDAL RULE OF
INTEGRATION FOR LUMPED PARAMETERS.
INPUT DATA REQUIREMENTS IN SEQUENCE.
1ST DATA SET- COMMON FOR ANY TYPE OF TRANSIENT STUDY.
1.1.' ITYPTR '-TYPE OF TRANSIENT STUDY.
FOR EXAMPLE-
='~D~'-FOP SWITCHING TRANSIENT STUDY IRRESPECTIVE OF WAVESHAPE

CONSIDERING INITIA,L VALUES.PROVIDED AS INPUT DATA.
='uUI'-FOR STUDY OF SWITCH]NG TRANSIENTS IRRESPECTIVE OF INPUT

WAVESHAPE,BUT ON THE ASSUMPTION OF ZERO INITIAL VALUES.
='002'-FOR STUDY pF LIGHTNING TRANSIENT STUDY ON THE ASSJMPTION

OF ZERO INIT IAL VALUES THA,T IS INI HALLY RELAXED SYSTEM.
1.2.' ITOT~D'=TDTAL NUMBER OF NODES INCLUDING DATUM NODE(NODE-II.
I.3.'NNoDSV'=NUMBER OF NODES AT WHICH VOLTAGES ARE SPECIFIED OR
KNOWN IN ANY ONE OF THE FORMS VIZ.THRE~ PHASE SINE OR COSINE WAVE,
OR STEP INPUT.OR LIGTNIN~ IMPULSE. THESE NODES REQUIRE TO BE
NUMBERED BY HIGHER NUMBERS IN THE PROCESS OF NUMBER ING NODES IN AN
ASCENDING MANNER. .
1.4.' IOELT'=TIME STEP IN MICRO SECONDS EQUUAL TO TRAVEL TIME OF
EACH OF THE LINE SECTIONS, i
1.5.' ITMAX'=MAXIMUM TIME UPTO WHICH TRANSIEIH STUDY BE PERFORMED
STEP BY STEP. i
I.b.'ALENG'=LENGTH IN MI~E COMMON FOR EACH LINE SECTION,
2ND SET OF DATA EXCLUSIVELY FOR iLIGTNING TRANSIENT SUBROJTINE
,LTNMOD'. I
:NUMSTKtII.I=1.NNODSV1-NUMBER JFILIGHTNING STROKES INCIO~NT AT
I-TH NODE WITH SPECIFIED VOLTAGE! THAT .S AMONG 'NNODSV'.
2ND SET OF DATA REQUIREMENTS EXCLUSIVELY FOR SWITCHING TRANSIENT
STUDY WITH NON ZERO INITIAL VALUESrTYPE='OOO".
(ENOOALIII, I=I.NROW1-INITIAL VJLTAGES AT NODES WHERE TRANSIENT
VOLTAGES ARE TO BE DETERMINED. THESE MUST BE IN MODAL VALJE WHICH
IS 1.732 TIMES THE PHASE VALUE OBTAINED BY LOAD FLOW STUDY .
PERFORMED ON THE SYSTEM IN ITS STEADY STATE ON PER PHASE BA~SIS.

IANOTHER COMMON DAT" SET FOR SWITCHING TRANSIENT(BGTH TYPE 'PC'l"
AND '00 l'I• i
'NSLNoD'= NUMBER OF SWITCHLESS NODES INCLUDING DATUM NODE (NO.1 I.
SUCH TYPE OF NODES SHOULD HAVE LOWER SERIAL STARTING FROM 'I' INTHE PROCESS OF NUMBERING THE NODES.
'NNODWS'=NJMBER OF NODES TO WHICH SWITCHES "RE CONNECTE)
EXCLUDING SOURCE NODES WITH SPECIFIED VOLTAGES. THEIR SERIAL
SHOULD BE IN BETWEEN SwITCHLESS NODES AND NODES WITH SPECIFIEDVOLTAGES.
COMMON DATA REQUIREMENTS FOP ANY TYPE OF TRANSIENT STUDY.

'NDATCD'=NUMBER OF DATA CARDS EACH OF WHICH RELATES TO A
BRANCH OR ELEMENT BETWEE~ A PAIR OF NODES IN THE SYSTEM OF STUDY.
FoLLDWING DATA IAITHF;OUGHIDI RELATES TO ANY TYPE CF TR"N5IENT
STUDY REQUIRING TO BE FURNISHED IN ONE RECOD CORRESPGNDIN; TO ONE
PARTICULAR BRANCH.
rAI,' ITYPBR'='Cl" If-'NO BRANCH EXISTS BETlIIEENA PAIR OF NODES.
ELSE='02' IF RESISTANCE(LUMPED PARAMETI"RI.
ELSE='03'IF INDUCTANCEILUMPED'. I
ELSE='04' IF CAPACITANCEILUMPEDI.

='05' IF TRANSMISSION LIN:::SECTIONIDIST~IBUTED PARAMETER'.ELSE='06'IF S~ITCH.
(BI.'NODEK' AND'NODEM'= PAIR OF NODES ETWEEN WHICH A BRANCH IS
SPECIFIED.
{C.,'ZBASE'= CORRESPONDING BASE IMPEDANCE TO WHICH BRANCH
PARAMETERS ARE PEFFERED.
IDI,(PRAM:::TIJI,J=l,31,-RESPECTIVELY REFEF;S TO R,L.C PARAMETE~S
OF A LINE SECTION.THEIR VALUES BEING FURNISHED IN OHMS P~R MILE.
MICRO-HEN~Y PER MILE,AND MICRO-FARAD PER MILE RESPECTIVELY.
HOwEVER FUR LUMPED PARAMETERS BETWEEN TWO NODES ONLY R(O~MI or
LtMICRO-HE~PYI 0;< C(MICRO-FARAD' 1S REQUIRED T.I)',;'BE FURNISHED.
lEI.1 IS\OISTP(LI.L=I,2'- THIS DATA IS REQUIRED ONLY FCR SWITCHING
TRANSIENTS. IS\OiSTPIII REFERS TO THE TIME STEP IN WHICH THE S~lTCH
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I

TIME11/12/84DATE

ISWSTPl21 REFERS TE THAT IN WHICH

A-2.
I'.AINPGM

I IF 'ITYP;]P'=')61 C_USES vJHILETHE SWITCH OP~NS.
A NOTE ON LUMPED PARAMETERS,
IF THERE BE A RESISTANCE AND A REACTIVE ELEMt::NT lL OR Cl IN
PARALLEL 8ETWEEN A PAIR JF NODES THAN THE DATA CARD ON THE
RESISTANCE SHALL PRECEDE THAT ON THE REACTIVE ELEMENT,

LAST SET OF DATA REQUIREMENTS EXCLUSIVELY FOR S~ITCHING TRANSIENT
wITH REFEPENCE TO NON ZERO INITIAL VALUES I 'I TYPTR '=ll(;" I,
INIT I AL VALUES OF INTERNODE CURRENTS UR CURRENTS THAT WERE FLOW ING
FROM NODE TO NODE UNDER STEADY STATE CONDITION OF THE SYSTEM,
THESE NEED ONE DAT' CARD FOR INITIAL CURRENT IN REACTIVE BRANCHES
(TYPE=iJ3 AND ,,41 AND TRANSMISSION LINR SECTIONSlTYPE=C'SI ONLY.
CORRESPONDING DATA'AIKMAL'I INITIAL CURRENT FROM NODES-'~TO 'M' 1
SHOULD BE INPUT AS 1,732 TIMES THE PHASE VALUE 08TAINED 9Y LOAD
FLOW STUDY AND ALSO WITH DUE REGARD TO SIGN ON ITS FLOW-JIRECTION,

DIMENSION-THIS PROGRA;~ PRESENTLY HANDLES A SYSTEM CONSISTING OF
2D SwITCH~ESS NODES INCLUDING DATUM (NODE,ll,3 SWITCHED NODES AND
2 SOURCE NODESIKNOWN VOLTAGESI, MORE NODES CAN BE DEALT WITH
SIMPLY BY INCREASING THE DIMENSION OF DIFFERENT SUBSCRIPTED
VARIABLES OF MAINPROGf<AM AND SUBROUTINES. HOWEVER FOLLOWI NG
SUBSCRIPTED VARIABLES IM'TRICES) NEED TO BE DIMENSIONED IN
SPECIFIED WAYS AS BELOW,
'STOREY(I.J)'--TWO DIMENSIONAL MATRIX USED IN SUBROUTINE 'LTNMOO',
WHERE 1=' HOTNO' • J=( IITOTND-NNOOSV-Ilf' (ITOTND-NNODSV 1'21.NNODSV,

THE FOLLO.ING MATRICES ARE USED BY SUBROUTIN:' 'SWITCH'.
'STYFALII.JI'. liHEN I='NSL'lOD~, J=(INSLNOD-II*NSLNOD/21+INSLNGD*
NNODWSI +ITOTND !
STYSALI I,JI, I='lNODWS, J=IINSLNOD-II*NSLNODI/2I+NSLNOD,
YIMAGElI.JI,I=:-.JSLNOD. J=NNd!DWS+NNODSV,
ICLOSEl I,J', I=NNODWS, J=NNOd!SV.
.SEREFL{ I.J". I=NNO[)~'S. J=N~CDWS+NNODSV.
'STYVAL( I.J I', I=NNOD\CS. J=;~NODWS+NNDOSV
ISWMOOI I,J. 21, I=NNODv;S. J=NNODSV+NNOOv;S,
ISWSTPIII, 1= 2 IALWAYSl, I I
IS'IICHI I,J', I =NNODWS, J=NNODWS.
DIMENS ION ENOOEA( 25), ENOGEBI 2551 ,ENODECI 25)
COMMON NROW,NNODSV, ITOTND,IDE~T.ITMAX,ITIME,IBRTYP(25.2~

:~t~~~~~~S,25I,~b~~~~f~5~~~ ••j~~~~~~~~i~~~L~~~~~~f:~i~~~~r~~~~5i:"
+PIDIS A( 25,25) ,PIO ISBI 25.251 ,HOI STAt 25,251, YLUMPAI 25,251,
+YDISTAI25.25),ENODALI25I,ENOD~E(251
COMMON ALENG /LGHTNG/NODVR I, NODVR2

+ /SWCHNG/NN3DWS,NSLNOD;NODVAI.NODVA2,NODVA3.NODVA~,
+AIKMI 25,251

C
9:.1:' C READI I. I, E'lD= Hl51 IT YPTR ,I TOTNO. NNODSV,I DEL T, I TMAX .ALENG

VIR!TE( 3, 21
2 FORMAT('I'5X,'TIME IN MICRO-SEC,'ICX,'VOLTAG:' AT NODES IN P.U,'/
+25X.'NODE NO,'3X,'PHASE-A'I5X,'PHASE-B'ISX.'PHASE-C'//1

C
C
C
CCCC
C
C
C
C
CCCC
C
C
C
C
C
C
C
C
C
CCCC
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

IV 36DN-FO-479 3 .. 8

c
C

I FDRMATI 413,18. FIO.6!
NROW=ITOTND-NNODSV
IT IME=O
IF( ITYPTR.EQ.';lIGO TO 85'H
IFI ITYPTR ,EO ,II GO TO 101
NODVRI=NROW-I
NODVR2=I{NRO~-ll*NROW/21+NNODSV
ENOOO { 1 ):;;:;_-".C
CALL LTNMOD

C
C

2t 1

DD 20 I 1=1, NhOW
DO 20 1 J= I , NROIll
P I KMOI 1 ,J 1= 0, 0
PIDISO( I,J )=0 ,(I
CONTINUE
oD 2' 2 IT I ME=
CALL LTNMGD

I. ITMAX, IDEL T

C
C

DO 2?3 1=2,NRO"
ENDDEAlll=~.5773502*ENODDII)
ENODEB( II=ENODEAt II



IV 36VN-FO-479 3-8

A-3
~4IN::>GM DATE 11/12/84 TIML

3

11f.11
C
C
llC 2

102

cc

ENODEClll=ENODEAlI'
WRITEI3.3'ITIME.I.ENODEAlI'.ENODEBIII.ENODECIII
FORM AT 1 I!J)(. 18 01 0 X ,1 3. 3 l 5)( • F I 101 21 I
DO 203 J=I.NROW
IF lJ .NE.I 'GO TO 111)1
GO TO I If! 2
IF lJ.LE.lIGO TO 203

IBR=IBRTYP( hJ I
GO TO (203.203.102.11:'3.104.2031 .IBR
A I JT = P I KMc.'( I. J ,+ YL LIMP(' l I , J I * (EN 000 ( I 1- E NOOO ( J I ,
PIKMOll.JI=PIKMC( I.J,'+2*YLUMPO( I,JI*(ENODOIII-ENOD') IJII
P IKM(l l J .II=-P IKM(( I ,J 1

GO TO 203
H'3 AIJT=PIKM l I,JI+YLUMf':l I.JI*lENOD (II-ENODOlJl'

PI KMO1 I • J I = -P I KMOl I , J 1- 2* YL UMPC ( 1 • J 1* l E NOD'.) ( 1 1- E NOD C ( J I I
PIKMOlJ.II=-PIKMOlI.JI

C

104

C
C
2('3
202

Hi I

. - 8502
C

85U4

8506

8501

8505
C
C

GO TO 203
AIJT=EN0011 II*YDISTOl I,JI+PIDISOl I,JI
AJIT=ENODelJI*YDISTCII.J)+PIDIS01J.II
PIIDSD= -ENODDIJI*YDISTO(I.JI-AJIT
PIJOSO= -ENODO(II*YDIST01I,JI-AIJT
PI 0 1'5 Q 1 I. J I =( 1 I +HD I ST I:'1 I. J I I /2 I *P 1 1050+ ( 1 I-HD I STO 1 I. J I I /2' *
+P1J 050

P I 0 I~S() ( J. I 1 =( ( 1+ HD ( ST 0 ( I. J I I /21 *D I JD SO+ ( ( I-HD I STU ( I • J I 1 / '21, *
+P I lOSt;'

I
CON~INUE
CONlj I NUE
GO liD 900:-
REAql 1.85'1211 ENODALl I 1.I=l.NROWI
FORMAT! 2131
REAC)I I. 4't'1SLNOD. NNOD\\'S
NODVA I=NSUNOD-1
NODVA2=NNGDWS+NNODSV
NODVA3=(N5LNDD*(NSLNOD-II/ZI
NODVA4=(IN5LNOD-II*NSLNO~/2)+NSLNOD*NNODWS+NNODSV
ENoDAU lIb., .r ' •
ENOOBEl 11=0.0
CAL~ 5\'1 ITCH
FORMATl8FIO .51

I
DO 206 1=1. NROIiiI
DO 20 6 J=I. (TOTND
P IKMAL: I. J • =0 .•0 .
PIKMBEI l.J 1=0.0
PIDISA' I.J )=[1.0
PIDISB( I.J 1=0.0
CONT INUE
IF{ IT YPTR • EO.O 1GO TO 85()4,
GO TO B503
DO 8505 I =I,NROW
DO 8505 J=I.ITOTND
IFl J.LE.IIGO TO 85(;5
IBR=IBRTYP( I.JI
GO rDl85~~.85D5.85D6.B506,B5~1,e5J51.IBR
READ( I. S5[ 2 lA IKMAL
AIKMl I.JI A IKMAL
P IKMAL t I. G) =4 lKM { 1. J • - YLU MPA { I II J 1 * t ENODAL: I. - ENOD AL : J) I
PlKMALIJ.1(1 =-PIKMALII.JI
PIKMBE( I.JI =PIKM"'L( I.JI
PIKMBE(J.II=-PIKMBEII.J'
GO TO 8505
READl I. ~50 2141KMAL
AIKM( I.JI=AIKMAL
AIKMI J. II = -AIKM( I.J I
P I DIS'" ( l. J I =A I KM{ J. I 1- Y01 ST A{ I • J I *E NO D4 L ( J I
P 10 IS A( J. I 1=A I Kt-I[ I. J 1 - YOI ST A 1 I • J 1*E NOD'" L { I I
PIOI5Bl I.JI=PIDISAI I,J'
P 10 IS B 1 J. I I =P I DIS A1 J. I 1
CONT I NUE

,



IV 36~N-FO-479 3-8 DATE 1I 1'1 21' 84 Tl ME I.

•

C
8S03. DO 204 ITIME=IDELT.ITMAX,IDELT

CALL SlIIlTCH
DO 20 S 1=2. NROW

C THE FOLLONING TWO STATE~ENTS APPLY EXCLUSIVELY FOR STEP INPUT
C AND 'C' IN COL.I. OF THOSE SHOULD 8E OMITTED WHILE DEALING WITH
C STEP INPUT.SUT SIMILAR STATEMENTS AS FOLLOWS FOR 3- PHASE
C SINUSOIDA:'" I'lPUT SHOULD BE MADE INEFFECTIVE BY PUTTING 'C'IN COLo!'
C ENODEAt II=ENDDAL I II
C IIjRlTEI3.3IITIME. I.ENODEAI II
C THE FOLLOWING 4 CONSECUTIVE STATEMENTS APPLY EXCLUSIVEL~ TO
C 3-PHASE SINUSOIDAL INPUT.
C
C

1108
C
C
1109

105'

C
C

ENODEAIII=D.816496S*ENODALIII
ENODEBII'=-O.4082482*ENODALII)+O.7C71067*ENODBEIII
ENOOECI 1)=-~.4D82482.ENODALIII-O.7D71067*ENODBEII'
WRlIE 13.3) 1T I ME. I. ENDDEAl 1 I • ENODE911 I .E NODEC 11 I
DO 20 S ..1=1. ITOTND
IFI.J.NE.IIGO TO 11"8
GO TO 1109
IFIJ.LE.IIGO TO 20S

I8R=IBRTYPI I • ..II
GO TOI20S.205.I06.107.I08.2051.18R
AIJTA=P IKNlAL( I. J I+Y LUMPAI 1 • ..I1*: ENOOAL I 1 I-ENODAL I ..III
PI KMALI 1 • ..II = PI KMALI I • ..I' + 2* YLUMPAI I • ..II * I ENODALI I 1- ENODAL I ..II I
PIKMALI J.II=-PIKMALII • ..II
AI.JTB=P IKMBEI I • ..I'+YLUMPAI 1 • ..11*1 ENDOBE II I-E NUOBE 1..111
PI KMBE: I • ..II =P IKMBEI I • ..I ) +2.YL UIP AI .1• ..II. I ENODBE II ,- ENODBE IJ I I
PIKMBEIJ.I'=-PIKMBEII.JI

GO TO 205
1(,'7 AI ..ITA=P IKMilLI I • ..II+Y LUMPAI 1 • ..II *1 ENDOAL I I 1- ENDDAL I ..I1•

PI KMALI I. J I =-P I KMALI 1 • ..I1- 2*YL UMPA I I • ..II* I ENODAL I I '-E NODALI ..II 1
PIKMALIJ.II=-PIKMAL:I.JI
AIJTB=PIKMBEII.J'+YLUMPAII.j'.IENDDBEIII-ENODBEIJII
PIKMBEI 1• ..1I=-PIKMBEII.J 1-2.YLUMPA 11 • ..11* IENOOBEI l)-ENODBEI ..Ill
PIKMBEI J. U=-PIKMBEII.JIc
GO TO 2Q5 ;

108 AIJTA=ENODALlII*YOISTAII.J)+PIOISAII.JI
AJITA=ENODALIJI.YDISTA(I.JI+PIOISAIJ.II
PIIDSw= -ENODAL:JI*YDISTAII.JI-AJITA
PIJOSO= -ENODALIII*YOISTAII.JI-AIJTA
PIDIS Al I. J 1=III+HDI STAll • ..II' 1'21.PI 10S('+ III-HOI5TAII • ..I111'2' '"

+PIJDSO .
PIO IS Al J. I I = I I I+HD 1 ST AI 1 • J I I /21 *P I JD 5 ,+ I II-H DI ST A( •• ..II ••••'2 I '"

+P 1.IDSO
AIJTB=ENODBEI II*YDISTAII.J I+PIDISBI 1 • ..1'
AJIT8=ENODBE~JI*YDISTAII • .JI+PIDISB~J.II
PIIDSO= -ENODBEIJ'*YDISTAII.JI-AJITB
PIJDSO= -ENODBEIII*YOI5TAII.JI-AIJTB
PIDISB: I.JI=(' I+HDISTAI I.JII/21*;>1 I DSC'+ :, I-HDISTAII • ..1111'210<

+P I ..IDS:::
P lOIS BI J. I I =( I 1 +HD1 ST AI I • ..I) I /21 *p 1 JD S,'+ I ( I-HD I STA II • ..II I 1'2 , *p I I DSl

C
20S CONTINUE
2.:'4 CONTINUE

GO TO 900?
WS STOP

END
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IV 360N~FO-479 3-g LTNMJJ
A-5

DATE 11/1 2/ B4 TIM:: I

SUBROUTINE LTNNOD
, COMMON MRO••• NNODSV. I TOTND. IDEL T.ITMAX. IT IME. IBRTYP(25.251
+/LGHTNG/ PIKMO(2S.25).PIDISO(Z5.251.ENODO(25).YLUMP)(25.251.
+YDISTO(25.251.HDISTO(25.25'.NODVRI.NUoVR2

COMMON ALENG
DIMENSION PRAMETI3'.NUMSTK(2SI.TOTI1251.STOREY(2S.2Brl
ELSTRKI AT1 MEl =1. () 166702*( EXP (-0.0 141935*AT IME I-EXP(-6. C' 73 t' 1 Q4"

+ATIME"
EL ITN I AT IME 1= 1.0166702* I EXPl -t). 01 4I936*AT IME 1 I

C

C
C

20(1

C
I

101

102

103

Ise
20 I

c
C

, 106
203
105

109
llD
C
C

IFllTIME.NE.OIGD TO 100
READI I. 2tl NUMSTKI II.I = I ••\INODSVI
READl I. II NDATCD

DO ZDD 1=2. ITOTND
DO 2QO J=I. lTOTNo
YLUMP';" 1 1 • J I =~ • 0
YO I ST I) I I. J I =0 .0
HDISTOI I.J I =0.0
IBRTYP( I.J 1=1
DO 20 I 1= I. NDATCD
READlI. IIITYPBR,NODEK,NOJEM.ZBASE.IPRAMET(JI.J=I.31

FORMATl312.4EIO.61
IBRTYP(NODEK,NODEMI=ITYPBR
IBRTYPlNODEM.NODEKJ=ITYPBR ,
GO TO (2i:'I.lGl, lt12. l':3.I04.ISDI ,lTYPBR
YLUMPO I NODEK. NODEN I = ( 1/P~ AMET i 1 J 1* ZBA SE +YL UMPO ( NODE K,NODE M)
YLUMPC(NODEM.NODEKI=YLUMPGINObEK.NODEMI
GO TO 20 I I
YLUMPO(NODEK.NODEN'=IIDELT/( PRAMETIII*2"*ZBASE+YLUMPOlNODEK.

+NODEMI !

YLUMPO(NODEM.NODEKl=YLUMPO(NODEK,NODEMl
GO TO 20 I I •

YLUMPO(NO)EK.NODEM'=(2*P~AMET~I)*ZBASE)/IDELT+YLUMPDINOoEK.NODEM)
YLUMPO (NOuEM. NODEK I =YL UMP(){ NOPEK .NGiDEMI
GO TO 201 ! I
YDIST()(NODEK,NODEMI=( I/I(SQRTlPRAME'Tl21/ PRAMET(31' H(IP~AMETIII*

+ALENG )/4))) *ZBASE I I
YDISTOINODEM,NODEK)=YDISTOINOOEK,NODEMJ
HD ISTu 1 NOOEK, NODEM I =( I 1 /Y 01 STi; 1 NODE:K.NODEM I 1- lPRA METtI I *ALENG I / (4*

+Z BASE I I/(( I /Y D IS T O( NODEK. NODEr~) ) •. (P,RAMEH I ) *ALENG )/ 14*ZBA"SEl )
HDISTO(NODEM.NODEKI=HOISTCINOOEK,NODEMI
GO TO ZOI \YLUMPQlNODEK.NODEMI=I~CO.CO
YLUMPO(NODEM.NODEK1=IOOO.OO
CONTINUE I
LOCVAR=NROw-l
LOCCV=(NROW*INROW-Il)/2
DO 202 IPIVOT=I.NROW

ISUMPD=O
IDIFF=IP(VOT-l
I DIFF 1= ID 1F F- I
IF (lDIFF! 11:::S, ItS. te' 6
DO 203 LL =l,IDIFFI
ISUMPO=IS0MPD"LL
INDEX=IDIFF*LOCVAR-ISUMPD
IF 1 IPIVOT.NE,IIGO TO 107
DO 212 1=2. NAOW
OUMSTR=YLUMPO ( I, I)
DO 2,,4 J=2, !TOTNO
IF (J.EQ.IIGD TO 108
IF {J.GT.NROiJ/IGO TO 109
ICOLI=INDEX"J-IPIVOT
GO TO I l(}
ICOLI=LOCCV+J-NROW
STOREYlI-I,ICOLll=-Y,-UMPO(I,JI

GO TO I I I
1,'8 I COL2= INDEX +J-I;> IVOT

GO' TO 2C4
III DUMST R=DJMSTR +YLUMPO( I, J I +YD I ST'.'I 1 ,JI
C
C



IV 360N-FO-479 3-6
A-h

l TNM:lO DATE 11/1 2/84 TIME

204 CONTINUE
212 STOREY( I-I. ICOl21=DUMSTR
C
C

INOXPR=INOEX
GO TO 202

1~7 DO 2" S J=2. lTOTNO
I F( J- IP IVOT 120S. 20S. I 22

122 IFIJ.GT.NROWIGO TO 112
ICOLI=INOEX+J-IPIVOT
ICOLPR=INOXPR+J-IIPIVOT-IJ
GO TO 113

112 ICOLl=LOCCV+J-NROW
ICOLPR=LOCCV+J-NROW

113 ICOLPV=INDXPR+I
STOREYI(PIVOT-I. ICOll I=STOREYIIPIVOT-I.ICOlPRI/STGREYI IPIVOT-I.

+ICOLPV I

IFITESTSW.EQ.I.OIGO TO 120S

GO TO 1206
ENOOOl K I 1=0 .0

GO TO 12t)6
ENOOO[KI)=(ELITN[ZTIMEII*I.73205~8*1.414213S
IF [ EN000 [ KI I. l T • 1 • E- 2 C'I EN00 0: KI 1=" • (;

'CONT I NUE
INOXPR=INDEX
CONTINUE

FORMAT[ 1~ 12 I
DO 207 1=I.NNOOSV
NUMSTK[ II=NUMSTK[ 11-1
RETURN'
DO 208 1=I.NNOOSV
Kl =NROW+I
ZT[ME=ITIME
TESTS W=O.e,'
IFI[ZTIME*6.07301041.LT.160.0IGO TO 1201
IF(IZTIME*.OI419361.LT.160.0IGO TO 12~2
GO TO 1207
ENOOO[KII=[ELSTRK1ZTIMEII*I.732050B*I.4142135
IFIENOOO[K I I.LT.l.E-20JENOOOlKI 1=(;'.'-

[F lITIME.GE.5CUIGO TO 118
GO TO 208
IF1NUMSTKlll.EO.OIGO TO 208
ZT IME= IT HIE-500
TESTSw=.l.D
ESTORE=ENOD()I K I I

C
C
2()S CONTINUE

DO 2t>6 1=2. NROW
IF[ I.EO.IPIVOTIGO TO '206
DO 206 J=2. lTOTt-lO
IF[ J- IP [VOT J2Q6. 206.115
IF[J.GT.NRDWIGO TO 116
I COL1= I NOEll:+J - I P I VOT
ICOLPR=INOll:PR+J-[ (PIVOT-II
GO TO 117
ICOLl=LOCCV+J-NROW
1COLPR= ICOL I
ICOLPV= (NDXPR+ 1
STOREYI I-I. ICOLll=STOREY[ l-l.ICDLPR I-STOREYI [-101 COLPVI *5TDREY

+tlPIVDT-l.ICOlll

lIS

116

117
. !,

C
C
2~6

2112
C
2

207

100 .

1204

12(: I

C
C

12t 2

C

12IJ 7
C
C
1206
C

118

C
C

121.: 5
C

2D8

GO TO 1204
ENODQ[KII=ENDD~lKII+ESTORE

NUMSTK(II=NUMSTKllt-l
CONTINUE
DO 2D9 1=2.NRDW



(V 3bJN-FO-479 3-8 L TNM[) D
A-1-

DATE 11/1.2/84 TI ME

,209
, C
'C

C
,C

120
211
119

C
,C
!C,

iC
!e
,299
, 121
2(0

C
'C

,C
,C
!275

i
"
j

TOT II 11=(j .J
,DO 209 J=I. NROW
TOT II II =T OT II I • - P I DIS 0 ( I. J 1- P I KMO( I • J I

DO 210 IP 11/OT= I • NRO10

ISUMPD=O
IDIFF=IPIVOT- I
IDIFF 1= IDIFF-I
1Ft 10 IFFI I 119. 119.121'
DO 211 LL=I oIDIFF I
I SUMPD= ISUM PD+LL
INDEX=IDIFF*LOCVAR-ISUMPD
IF(IPIVOT.EQ.-lIGO TO 121
I COLPV= INDXPR + 1
TOTIlIPIVOT I=TOTI( IPIVOTl/STOREYI IPIVOT-1 .ICOLPVI

DO 299 1=2. NROll/
IF (I.EQ.IPIVOTIGO TO 299
TOT (( II=TOT I( I I-STOREY( 1- 1.ICOLPVI*TOTlIIPIVOTI

CONTINUE
I NDXPR= INDE X
CONTINUE
DO 275 1=2.N:<OW
ENODO( I I=10TI I I I

DO 275 J=I. NNODSV
KK I=J +NROW
ICOL I=LOCCV +J
ENO()O ( I 1=EN00,) ( I 1- 5 TOREY( I - I • IC OL ( I *E NODe (KK I I

CONTINUE
RETURN
END



A.l.2. SUBROUTINE ON SWITCHING TRANSIENTS



IV 360~-FO-479 3-8 SW ITCH
A-'6

DATE 11/12/84 TIME

C
C
C
C
C
C

200

212

Ie-I

102

103

104

105

411 I

20 I

109
2')3
WE

SU8ROUTINE SWITCH
COMMON NRD"'. NNDD S V. I TO T~ D. I DEL T. IT MAX. I T I ME• I B R1 YP 12~ • 25 I /S o;CHNG/

+P IKMAL l 25. 251 • P I KM3 E( 25.25' • P I D I SA I 25 .251 .p lui SB ( 25 .251 .HO 15 TA( 25.
+251. YLUMPAI 25. 251. Y01 ST4( 25. 251 .ENO~"'L( 25 I .ENODSE [251 • NNOOWS.
+NSLNOD.NODVAI.NODVA2.NODVA3.NODVA4.AIKMl25.251//ALENG

D I MENS ION STYF AL l 20. 2751 • S TYS4L [ 3 • 1931 • YI M'"GE ( 2~ .5 , • I CLOSEl 3 .21 •
+SIf!"<EFLI3.51.STYV4LI3.51.15WMODI3.5.21. TOTIALl251.TOTI8E
+1 251.PR4METI31. ISWSTPI 21. ISWCHI 3.31

IF INPUT 15 SINE WAVE WITH I.', P.U. PEAK VALUE FOLLOWING TWO
STATEMENTS APPLY.
EALPH4IZTIMEI=I.22474487*SIN(ZTIMEI
EaETAIZTIMEI=-1.22474487*COSlZTIMEI
THE FOLLOwiNG TWO STATEMENTS APPLY FOR COSINE WAVE INPUT WITH I.~
P.U. R.M.S.YALUE.
E4LPHA(ZTIMEI=I.732C50B*CDSlZTIMEI
EBETA(ZTIME 1=1.73205f'8*SIN(ZTIMEI
IFIIlIME.NE.OIGD TO IOC
RE40( I. II NDATCD
DO 200 1=1. !TOTND
DO 2i!., J=I. !TDTND
YLUMPAII. J '=0.0
YOISTA( I.J 1=(;.0
HDISTA( I.J '=:).0
laRTYPII.JI=1
DO 212 I=I.NNODWS
DO 212 J=I.NOOVA2
ISIIIMODII,.J.II=f! I'
ISIoiMODI I. J. 2'=0
DO 20 I 1=1. NDATCD I
RE ADl I. I I I r YP SR. NO) EK. NOJEM • ZBA SE. I PR AMET 1 J I • J= I .31 • liS 1>5T PI L I •
+L = l .2 l

IGRTYPlNODEK.NODEM'=ITYPBP
IBRTYPINODEM.NODEKI=ITYPSR
GO TO I 2;} 1.10 I. 102. 103.104. 1051.1 TYPBR
YLUMPAI NODE K."NODE~1l =ZSA SE/PR AMETI I I +YLUMPA I NODEK. NODEMI
YLUMP~(NODEM.NODEK)=YLUMP"'INODEK.NODEMI
GO TO 201
YLUMPA(NDDEK.NODEMI=IDELT/[2*PRAMET(I'*II/ZBASEl'+YLUMPA(N0DEK.

+NODEM I j
YLUMPAINODEM.NODEKI=YLUMPAlNODEK.NODEMI
GO TO 2C 1 :
YLUMPAINODEK.NODEMl=12*P~AMET(11)/IIDELT*(I/ZBASE)'+YLUMPA NODEK~

+NODEMI I '
YLUMPAI NODEM. NODEK I =YLUMPAl NODEK. NDDEMI I

'GO TO' 20 I
YDIST Al NODEK. NODEi'll =1 / ( (SORT( PRAMET I 2 I /PRAMET (3' 1 l+ IPR4MET (I 1*

+ALENGI/41 I
YD 1ST Al NODE K. NODEMI =Y 0 I STA( NODEK. NODEM I *Z3ASE I

ZL ENG=ALENG/ZBASE
YDlSTAlNODEM.NODEKI=YDISTA(NODEK.NODEMI
HDIST Al NODE K. NODEM I =( ( I /YDI STI\( NODEK. NODE M1 ,- 1PRAME TIll *ZLENG I /41

+/ I I 1/ YD 1ST'" INODEK .NDDEM'I +1 PR"'MET 1 1 1* ZLENG I /4 I
HDISTAlNODEM.NDDEKI=HDlSTA(NODEK.NODEMI
GO TO 20 I
YLUMPAlNDDEK.NODEMI=~.O
YLUMPAlNODEM.NODEKI=O.O
K=NODEK-NSL NO0
M=NDDEM-NS_ NOD
ISWMOD(K."I. II=ISWSTPl II
ISWMOD(K.M. 21=ISWSTP( 2)
IF IM.LE.NNODWSIGO TO 4111
GO TO 2DI '
ISWMOD(M.K. 11=ISl/iSrp( II
ISWMOD( M.K. 2'=ISWSTPl 21
CONT I NUE
LOCVAR=NROW-l
LOCCV= I NSLNOD* 1 NSLNOD-l II /2+NSL NOQ*NNOD \>is
LOCVR=NSLNOD- I
DO 202 IPIVOT=I.NSLNOD
[SUMP 0=(>
IOIFF= IPIVDT-I
IDIFF 1= IDIFF-I
IF( IDIFFII hi8.IC8.1'9
DO 203 LL=I.IDIFFI
ISUMPD= ISUMPD+LL
INDE~2=IDIFF*LOCVR-ISUMPD
INDEXI=IDIFF*LOCVAR-ISUM~D
IF(IPIVOT.NE.IIGO TO 110



IV 36:\N-FO-479 3-6 S w I TC H DATE I 1 / I 2/ !j4

I 12
I 13

. ! I I I

I 14
204

liS

2,J5
206

110

116

I 19

120

2:J 7

122

1/
123

i
J 124
!

209
121

, 125

21D
208

127
I

DO 206 1=2.NROw
DUMSTR=YLU~P411.11
IF(I.GT.NSLNDD'GO TO lIS
DO 204 J=2.ITOTND
IF IJ.EO.I'GO TO III
IF (J.GT.NRDW.GO TO 112
ICOLI=INDEXI~J-IP[VOT
GO TO 113
[COLI=LOCeV~J-NROW
S TYFAL( [- I • [COL I ,=- YLUIoIPA( [ • J •
GO TO 114
[COL2=INDEXI~J-IP[VOT
GO TO 204
DUMSTR=DUMSTR~YLUMPA( [.J'~YDISTA( I.JI
CONTINUE
STYFAL( 1- I. ICOL 21 =DUMSTR
GO TO 206
[1= [-NSLNDD
DO 205 J=2.NSLNOD
ICOLI= INDEX 2+J-IPIVOT
STYSAL( II.ICOLll=-YLUMPA: I.J'
CONT I NUE
CONTI NUE
INDXP 1= INDEXI
INDXP 2= INDEX2
GO TO 202
DO 207 J=2. !TOTND
IF(J-IPIVOT 1207.207.118
IF(J.GT.NRDWIGO TO 119
leDLI=INDEXl~J-IPIVOT
IeOLPR=INDXPI~J-( [P[VOT-I'
GO TO 120
ICOLI =LOCCV +J-NRD\>I
I COLPR= ICOL I
ICOLPV= INDXPI ~ I
S TYFAL ( IP I" or - I • I COL 1 1=5TYF AL [ 10 I VOT- I • I COLPR 1/ ST YFAL( I PI vor _I •

+1 COLP V,
CONTINUE
DO 208 1=2. NROW
IFII.EO.IPIVOT'GO TO 208
IF([.GT.NSLNODIGo TO 121
DO 209 J=2. ITOTND
IF(J~IPIVoTI2~9.2C9.122

[F(J.GT.NROW)GO TO 123
ICOLI=INDEXI+J-IPIVOT
ICOLPR=INDXPl+J-{ IPIVOT-l'
GO TO 124
lCOLI=LoceV+J-NROW
ICoLPR=ICoL 1
ICoLPV=INDXPI+l
STYFAL( 1- I. JeoL I) =STYF AL( J-I .ICOLPR)- ST YFAL ( I~ I • I CoLPV) *5TYF AL

+( IPIVoT-I.ICDLI.
CONTINUE
GO TO 2('l8
11= I-NSLNOD
ICoLPV= INDX P2+ I
DO 210 J=2. NSLNOD
IF(J-IPIVOT 1210.2100125
ICOLI=INDEX2+J-IPIVOT
ICOLPR=INDXP2+J-(IPIVOT-II
ICOL2= INDEl( I+J-I PIVOT
STYSAL ( II. [COL I ) =STYSAL I I I. I COLPR ,- ST YSAL { I I .1 COLPV' *ST YFALI I PI VOT

+-1. I COL2'
CONTINUE
CONT INUE
I NDXP 1= INDE X1
INDXP2=INDEX2
CONT INUE
MINDEX=INDEXI
DO 211 1=I.NNOO.'S
KI=I+NSLNOD
SIIIREFL[ 1.11 =YLUMPA{ KI. I'
DO 21 I J=2. ITOTND
ICOLMJ=J-NSLNOD
[F! ICDLMJ 1211.211.t 27
IF{J.EO.KIIGQ TO 211
SwREFLl I. I COLMJ '=-YLUMPA{ K I. J'
FORMAT(312.4EIO.6.2141



A-IO
TIME,O"'TE ' 11/12/84S'" I T: H

DO 215 I=I.NNOOWS
IJMOO=O
DO 215 J= I.NOOVA2
IFIISWMOO(I.J.Il.EO.01GO TO 2150
IF I ISWMOOI I .J. II.LE.I STEP 1IJMOO=I
IFI ISWMOOI I .J. 2) .NE.C .AND.I SWMOOI I •J. 21 .LE.I STEP' IJMOO="
IFIIJMOO.EQ.l'GO TO 6000

ENOOALIKI1=EALPH"'(ZTIMEI
ENOOBEI K 1'= EBETA IZT IME I
CONTINUE
.DO 214 1=2. NROW
TOT IALI 11=0 .0
TOT IBEl 11=0 .0
DO 214 J= I. ITOTNO
TOT It.LlI '=TOT IAL I I'-P I0 ISA ( I.J l-P IKMAL ( I •J I
TOTIBEI II=TOTIBEI Il-PIOISBI loJl-PIKMBEI I.JI
CONT INUE
ISTEP=IITIME/IOELTI
DO 6002 IOO=I.NNOOWS
DO 6002 JOO=I.NNDDSV
ICL05EIIDO.J001=O
DO 8032 IDO=I.NNOOWS
DO 8033 JOS=I ;NNOOW5
15WCHI 100. J OS 1=0
CONTINUE

5WREF L I I.I ,=S IIIREF L I I. I )+VL UMP'"It< I •J ,+ VO 1ST'"It< I •J)
RETURN
IP IVOT=NSUI 00
00 231 I=2.NSLNOO
JK=NSLNOO+I
DO 23IJ=JK.ITOTND
IFIJ.GT.N~OWIGO TO 153
ICOLl=MINOEX+J-IPIVOT
GO TO 150
ICOL1=LOCCV+J-NROW
JJ=J-NSLNOO
YIMAGEI l-l.JJ I=STVFALI I-I.ICOLII
CONTINUE
DO 7000 IROW=I.NNODW5
DO 7000 JCOL=I.NOOVA2
STVV"'LIIROo.JCOLI=SWREFLIIROW.JCOLI
DO 213 1= \. NNOOSV
KI=NROW+I
NTIME=ITIME~[OELT
FOR 60 CYCLES PER SECOND INPUT FOLLOWING ST"'TEMENT SH"'LL BE MAOE
EFFECTIVE.OTHERWISE NEXT STATEMENT FOR 5D C.P.S. [S EFFECT[VE.
XTIME= 375.99111*INTIME*1.E-061/6.2831853
XTIME=3[4.15926*INTIME*I.E-061/6.2831853
LTIME=XTIME
VTIME=XTIME-LTIME i
ZTIME=VTIME*6.2831853 i
i~"'~~~E~~~u~pgEY~0~~~~wi~~U;O~03~P~~~~A~~N~~~i6~LF~~~~~[~~X~A~~I~F
IS EFFECT IV E.
ENO 0 AL IK I•= 1.0
ENOD8E:KI 1= t.13

C
C
C

6002

8033
8C!32
C

231

C
C
C

213

153
150

7(j()()

10 (,

'214

C
C

I C
C
C
C
C
C

,1V 360"!-FO-479 3- 5
C
C
211
C

I

IFIJ.GT .NNOO<JSIGO TO 6001
ISWCHtl.JI=D
ISWCHIJ .11=0
GO TO 215:"0

6001 JACT=J-NNOOWS
ICLOSE: I.JACT 1=0
GO TO 215)

6000 STVVALll.JI=-IOOO.CO
STVVALII.II=STYV"'LII.IJ+IOOD.OC
IFIJ.GT.NNOOWSIGO TO 60~3
STYVALIJ.I)=-IOOO.OO
STYVALIJ.JI=STVVALIJ.JI+I000.00



IV 360N-FO-479 3-6 DATE TIME

STYF4L (IP rVOT

*TOT(4LI IP[VOT I
*TOTIBE{IPIVOT)

i

I

t CIt' 3

215!,'
215

134
220
133 '

135

136
C

221
C

137

, 139
•.J 149
i
I

I
145

146

223

222

138

C

ISWCHII.JI=1
IS\\'CHIJ.Il=1
GO TO 215(J
.I ACT= J-NNOD \\'5
ICLOSEI IoJ4CT 1=1
I-IMOD=O
CONT I NUE
KP IVOT=NSLN OD" I
DO 219 [PIVOT=I.NROW
ISUMPO=C
[D[FF=[PIVDT-I
IO[FF 1= [DIFF-l
[FIID IFFI 1133.133.134
DO 220 LL=I.IDIFFI
ISUMPO=15JMPD+LL
INDEXI=IOIFF*LOCVAR-15UMPD
[NOEX2=IO[FF*LOCVR-ISUMPD
IFI[PIVOT.EQ.I1GO TO 135
IFIIP IVOT .G E.KP I VOT lGO T:J 136
ICOLPV= IND)(PI + I
[COLPV=INDXPI+l
TOTI4LIIPIVOTl=TOTIALIIPIVOT1,fSTYFALIIPIVOT-I.ICOLPVl
TOTI6El [PIVOT1=TOTI6EI IPIVOTI/STYF4LIIPIVOT-I.ICOLPVI
GO ,TO 1"37
INDXP 1= INDEXI
I NDXP 2= [NDEX2
GO TO 219
[SW=IP[VOT-NSLNOD !
JP=ISW+I l
DO 221 J=JP.NODVA2
IFISTYVALIISW.JI.LT.I.E-75JSTYVALIISW.JI=O 0
STYVALL iSW.-Il=STYV4LI[SW.JI/STYV4LLISW.ISW~
I FIST YVALI [SW • .I I •LT. I •E-75) STYV 4L : I Sw • J I =U ::'
CONTINUE

TOTIALIIPIVDT '=TOTI4LI IPIVOTl/STYVALIISW.l bW'
TOTIBE: IPIVOT I=TOTIBEI IPIVOTI/STYVALI ISW.I~Wl
I FIT OT I All [ PIVOT 1.L T. I. E- 751 TOT I AL II PIVOT IFO. 0
IFITOTIBEIIPIVOT1.LT.I.E-751TDTIBEIIPIVOTl=O.D
GO TO 136
DO 222 1=2.NROW
IFII.EQ.IPIVOTIGO TO 222
[FI [. GT .NSL NODIGO TO 139
TOTIALlll=TOTIAL( Il-STYFALII-i. ICOLPV J*TOTI4LI[PI VOTI
TOT IBEI 11= TOT IBEI II-STYF4L I I-I. ICOLPV I * TOT!lBE I I PI VOT1
GO TO 222 i

KSW=I-NSLNOD i
[COLP= INDXP 2+ I
DO 223 J=I.NODVA2
IFIJ.GT.NNOOWSIGO TO 145
ICOL[=INDEXI+J+NSLNOD-IPIVOT
GO TO 146
ICOLI=LOCCV+-I+NSLNOD-NROW
IFISTYVALIKSW. .I I.LT.I.E-75ISTYV4LIKSW.JI=u.D
STYV4LIKSW.JI=STYVALIKSW.JI- STYSALIKSW.[COLPI *
+- I • [COL II

[F ISTYVAL{KSW.Jl.LT.I.E-75)STYV4LIKS\\'.Jl=~.O
CONT INUE
TOT[4LI II=TOTJALI 11- STYS4LIKSW.ICOLPl
TOT [BE( Il=IOT IBEI I)- STYSALIKSW,rCOLP)
CONT[NUE
[NDXP 1= INDEXI
I NDXP 2= INDE X2
GO TO 219
DO 227 I=2.NRO"
[F{I.EO.IDIVOTIGO TO 227
IFII.LE.N5LNDDIGO TO 154
IS\\'= I-NSLND 0

JC= [P IVOT-N SLNDD
J I=JC+I
DO 232 J=JI.NODV42
IF 1ST YVALI .I C. J I • LT. I. E-751 STYVALI JC • .I I =~. c
IFISTYVALIJS~.JCI.LT.I.E-75ISTYV4LIIS~.JC)=).:
I F{ ST YVAL{ [SW • .I I • LI • I. E-751 STYVAL I I sw • .I I ='J • (,

232 5 TYVALI IS" • .II =STYVALI IS\\' • .I 1- STYV4L II SW. JC I *STYVAL I JC • .I I
TOTIALIII=TOTIAL[II-STYVAL(IS~.JCI*TOTI4LIIPIVGTI



IV 36DN-FO-479 3-~
A-I2.

S~'ITCH DATE 11/12/84 TI ME

DO B050 LWS= I,NNODli,S
KWS=LWS+NSLNOD
IFIISWCHIITR,LWS).EQ.IIGO TO 8051
GO TO 805'1
IF{E.NOOAL:KTR •• NE.().~ .OB;.ENOOBE(KTR).NE.t"!.i,-:" GO TO 8::52
ENODALIKTRI=ENODALIKWSI
ENODBEIKTRI=ENODBEIKWSI
GO TO 805:1
ENODALIKWSI=ENODALIKTRI
ENODBEIKWSI=ENDDBEIKTRI
CONT INUE
RETURN
END

GO TO 156
DO 236 J=I,NNOD5V
KKI=J+NNOOW5 I
KI=J+NROW
ENODlILI Il=ENODALIII-STYVlILIISw,KKII*EiNODALIKII
ENODSE! {1=ENODBEIII-STYVlILIISW.KKII*EINODBEIKII
GO TO 234 I
DO 237 JSW=I.NNODSV I
1Ft ICLDSE( 1 SW. JSW '.EQ. 1 tGO TO 159
CONTINUE
GO TO lell
IEO= JSW +NROW
ENODALI I I=ENQDlILIIEO I
ENODBEI II=ENOOBEI lEO I
COI'll I NUE
DO 8D5D ITR=I,NNODWS
KTR=ITR+NSLNOD

8050

8()52

ISS
C

TOT I BEl I 1=TOT I El E I I I - S 1 YVlIL I I 5\01. JC I * TOTI BE I I PIVOT)
GO TO 227
JC= IP IVOT -N5LNOD
J I=JC+I
DO 233 J=JI.NODVlI2
IF I ST YVALl J C. J I • LT. I. E-7S I STY VAL I JC • J I =C .0
YIMAGEII-I. JI=YIMlIGEII-I.JI-YIMAGE{I-I.JCI*5TYVALlJC •.JI
TOT IlILI {I=TOT {lILI II -Y IMAGEI I-I, JC I *TOTI AL liP I VOT I
TOT IB EI II = T OT IBE I Il-Y I MAGEI {- I, JC I * TOT I BE ! I P { von

227 CONTINUE
219 CONT INUE
C VOLTAGE SOLUTIONS

DO 234 1= 2. NROW
END DlIL I I 1= TOT I AL I I }
ENODGEIII= TOT IBEI II
IFII.GT.NSLNODIGO TO 155
DO 235 J=I,NNOD5V
KK 1= J +NNOClWS
KI=J+NROW
ENODALI II=ENODALl I1-Y IMAGEII-I, KKII*ENUDALIKII
ENODBEI 11.=ENODBEI II-YIMAGEI 1-I.KKI1*ENODBEIKII
GO TO 234
15W=I-NSLNOD

235

233

154

I. 8,,51

16.0 -

236

156

237

159

i 234,
•

C



SAMPLE RESULTS ON
STUDY - V

PROVIDED BY COMPUTER
PROGRAM - A.I
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'.7,\~::~~-
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,~ .... ~:.~.-

.' ,

1"'_~f'~~.

"J~~_~..•.:. ;.~,:.~~',:,,- ;~.,

-
•. ..~.:;.-;:.~i~;~

<'~:.

(~."r\~::,-.:~~~~~')-..'~
C.' "-:""""'-:~,;:--(,{:.::':;,.~C.[?~~~G~~}

VOLTAGE AT NODES IN Ii.u'~+fi."~" "~"':\""'f

PH"SE-" tB:;/b':l.;dfr.R~EI:"~'"l.,::, : l:;:~ ::,~~;;,g~HASE-C,,' 'j 0' I I' • , ~':r," I'- H' n' j-,- .. f.; _+ •. + ,~., v

o. 0 r-:-f'-,-~ ,~:.-!.'ta.~o:\t'.'1- ... ! . I , • .1 - \ .•- I) 0'" _ ',J U;..t ...'t • 0" r- . I ""....o 0 <"'('.'J'.l.'l- dU.. ~-'_+_.J.. ,';..,'. 0
• fJij:/;.... c---- e. --- "".r .0.0 ,:::' l~' ,O.O.~.,'- i ,' ..... ;~. 0.0

0.0 "':""',:f ~'t1rO.O-~ ~- - _.- •.\.~.:,O.O
O. 0 .....: _.- __ .0....0_ .- - ...t'='. 0
O 0 .'''' ffI"'" . r .c.. I) 0• - :~'..,' : 'U.;, . t.. J! t I I l'..
0.0 ,~\: I' 'lir.i)'i. 'Ji' r- i;-t-r- t' 0.0g:g::;,:~:1I~~ i ttT;.i-t:tr .7.j, tg
0.0 ,t[, '~.b'U'l." .-t ~r+ 0".0
1.41421222686 ~.17011l\ "23'26'43 -0.707106232643
0.530626058578 .90 26$:1r'29696 . "'-,01265312969685
0.526609122753. ~t!6330" .'-:-0.•.26330.4531574",.
0.0 0.0
0.0 0.0
0.0 ~', ::"'0.•0
0.0 ". ..... • ":0.0
0.0 '0.0 . 0.0
0.0 ~ ~ 0.0

g: g (JT~C9Wf"f'~!o:.tw'in:;lq'<JI<lT-TIl~~ '.. ',", ..
1.413104057312-0.658084571362 -0.755019783974-
0.987857997417 - O~/1.75743412971 -0.512114346027
0.992656.171322.' .' '~-O:~:/l.78Z8'0127048' '. c. ',:-0.5143758058'55 - -,
0.525203347206'-' : -0.26260161.3998....... .-0 .•..2626016139.98; ..0.0 .. 0"0.. . ..•.... '.0.0 .. ,
0.0 0.0 0.0
0.0 , 0,'0, • ....0.0.
O. 0 0.•0: . ..", . . 0'.0
0.0 0.0 0.0
0.0 0.0 0,0

!::~~H~~~~i~i,a;'~~i~i!!HH~:'..~g.:~g!~~~H!Hi
1.452311515808 -0.674102306366 -0.778209745884
0.99000555.27.69 . ,-0.47700303.7930"'. ',::,0.'513002276421
0.523801326752 . -0~2619006031:lr "-O•.2619!lQ,?0377.1
0.0 0.00.0
0.0 0.0 0.0
0.0 0.0. 0.0
0.0 ,0.0, 0.0
0.0 0.0 0.0
1.970438003540 -.'0.948945403099 -1.021492958069
1.404252052307,' ,-'0 •.557027161121 ... , -0.84722524881'4'.'.
1•915246963501'.~'..., ' - <'"0.'8555'6285'5734 ..:... .'~ ;".0596837997.4,/1. :;'::,;..
1; 92~?~~~~~~~6,'." '. :-l?.~~~~?!l~!~~!~'. ,:1'.,. ;.!"().6~1~~?l?28.9.iv'..•.

NODE NO.

2
3
4
5
6
7
8
9
10
11
12
2
3
4
5
6
'7
8
9
10

,II
12
2
3
.4
5
6
7
8
9
10

.--"11
, 12

2
3
4

,..-..-' '""'5
6
7
8
9

\0
,. I I
12
.'2.
3

126
126
126
126
126
126
126
126
126
126
126
252
252
252
252
'252
252
252
252
252252
252
378
378
378
378
378
378
37.8
378
378
378
'378
504
504
50/1.
504
504
504
504
50/1.
504
504
504
630.'
630

TIME IN MICRO-SEC.



630 4 1.4484;6737"61 -0.672303676605 -'.776132881641
630 5 0.987361192703 - O. 475128869438 -'~.511632('25242
630 6 J. 5221.\03 t 2;)995 - 0.261 2') 150 'Ja93 -:'.26120150(",993
630 7 o • (' 0.0 , ,.'.'
630 8 '') , f) 0.0 0.0
630 9 0.0 0.0 '...••0
630 1U O.f) 0.0 o • C'
630 11 1.86 t iJ~'")( 22827 -0.821943592930 -1. ('345945358 28
630 12 1.3965°' ',68298 - O. 505149185658 -0.891372621059
756 2 1.9901" ;14917 -0.827450811863 - 1• 162690 16 2659
756 :; 1.97986' .."81501'; - O. 822262942791 -1.157603263855
756 4 1.919592,~57361 - (:. 85828191 ()II 19 -1.061310768127
756 5 1. 444571 (+950~6 - 0.670510053635 -[). 7740 I';1977863
756 6 0.98472458 \ 242 -0.474458515644 -0.510265827179
756 7 0.521 (;"8491516 -0. 26fl5041861 53 -().26:;1504186153
756 8 0.0 0.0 0.0
756 9 0.0 0.0 0.0
756 10 0.0 0.0 0.0
756 11 1.86(;349655151 - 0.762678980827 -1.097670555115
756 12 1.38661)2401733 -0.452479779720 -0.934123337269
882 2 1.750432968140 -0.639522492886 -1 • 11091 Q 4 15649
882 3 1.7(32246)1746 -0.646219611168 -1. 1170U4394531
882 4 1.974593162537 - O. 820073 n37 93 -1.154519081116
882 5 1.914473533630 - 0.855993509293 -1.(,158480262756
882 6 1.440717[;')7144 -0.668721139431 -0.771996498108
882 7 fl. 982094228268 - 0 • 473 19 114 2l) 82 -0.508902847767

:J>882 8 O. 51 96 1761 7130 - O. 259808719158 -0.259808719158
882 9 0.0 0.0 () • 0 I882 10 0.0 0.0 (l • J -
882 11 2. 117959022522 -0.827855885029 -1.290102005005 1>
882 12 1.374512672424 - 0 • 3991 0 I 79 37 66 -0.975410878658

1008 2 1.608171463013 -0.508585512638 -1.099585533142
1008 :3 1.594(159944153 -1).50Ll92543316 -1.092666625977
1008 4 1.758537292480 ~0.64450353384(1 -1.114032745361
1008 5 1; 969333648682 '- 0 •.817'38992.8818 -1.151443481445
1008 6 1.909366607666 .~O;8S':n1'H.i:,49 56. -1.0556564331"5
1('08 7 1.43£>873435974 ,,.0.666937291622 -0.769936800003
1008 8 0.979470908642 ._-0 • 471 9 27 16 5985' . -').507543563843
1008 9 0.518230497837 -0.259115219116: - 0 • 259 11521 91 16
1008 10 ('1.0 0.0' , ':.'I. C)
1008 11 1.641105651855 - 0.517'024397850 .~ -1.124080657959
1008 12 1.360268592834 -0.345::198197460 -1.01517t)097351
1 134 2 1.424461364746 -0.;361846566200 ;.~'. -1.062614440918
1 134 3 1.440991401672 - 0.370.458424091 -1.070532798767
1 134 4 1.58982<:>444885 -0.500065088272 -1.0897(,31';41357
1 134 5 1.753861427307 -0.642791867256 -1.111069679260
1 134 6 1.964(189393616 -0.815712749958 -1.148376464844
1 134 7 1.9042739'l61J16 - 0.8514 33396'3 39 -1.052840232849
1 134 8 1.433039665222 -0.665157735348 -0.767882108688
.1 134 9 0.976855.337620 - 0.4700'668853 76 - ~ • 506 18821 3825
1 134 10 1. (133693313599 - O. 51 684677 6009 -0.516846776009
1 134 11 1.101110458374 - O. 191021 4424 13 -0.910089492798
1 134 12 1.343893051147 - 0.290554106236 '-'"

- I • r 533 380 508 42
1260 2 1.17224884{:332 - O. 18719577 7R<;3 -c. 985t:53t'!62439
1.260 3 1.155414581299 .. -0.,178558647633 -).976856052876
1260 4 1.437174797058 .I ' .. ''''.0'''3694'8221'92 f9 '" -1.067692756653
1260 5 I ~ SR~#) I;:>? 07<"c;,q . ~,., ~AOQ7.1::>r..'? •.••,Q"O _1 .•...•"o::n'7'" n":"' ..••.p.



I 260 I'> I •749 196('5 2551 -0.641083240509 - I • 1I) 8 112335205
1260 7 1.958856582642 -1).813540160656 - I • 1453 I6 I23962
1260 8 1.899195671082 -0.34<)162995815 -1.050031661987
1260 9 I• 944683 ()7495 1 -1;.92111659(,500 -1.:;235662460:33
1260 10 1.948492050 171 -0.93<1819766045 -1,('09672164917
1260 I I 1.208973884583 - 0.2074973583 22 :::~~~~t~t~T~}f'1260 12 1.325412750244 -0. : :35.555052757
1386 2 1.070366859436 - O. )6392750740 -0.973974704742
1386 3 1.087874412537 -0.105503141880 -0.98237115.1.447
1386 4 1.152367591858 - O. 173097069263 -0.974270641804
1386 5 1.4333"13682861 -0.36050821 <;719 -1.064860343933
1386 6 1.581406593323 -0.497422814369 -1.083983421326
1386 7 1.744546890259 -0.639381289482 .- I • 105 16548 1567
1386 8 2. 467730522 I56 - 1.068418502808 -1.399310112000
1386 9 2.865773200989 - 1.315052986145 -1.550718307495.
1386 10 2.850807189941 ,.1.323225975037 -1.527578353882
1386 11 1. 243006706238 - O.I 833903TB952 .-1; 059616088867
1386 12 1.30485439.3005 -0.180186629295 -1.12466812133B
I 512 2 1.174(\30303955 -0.111884236336 -1.062146186829
I 512 3 I~155315399170 - O. I I) 228371 6202 -1.053031921387
1512 4 1.085008621216 -0.105235874653 _0.979772865772
1512 5 1.149328231812 -Od 77636563778 -0.971692025661
1512 6 1.429574012756 -0.367538094521 OoT. 05 203"5560608
I 512 7 2.089929580588 -0.752465724945 -1.337463378906
1512 8 2.7089576.72119 -1. 104587554932 -1.604367256165 J>
1512 9 3.370036125183 -1.4690606978.27 -1.900973320007 I
1512 10 3. 778 159 141 541 -1.689279556274 -2.088877677917
I 512 1I 0.932500660419 o •0 14 118909836 -0.946619391441 \Jl
I 512 . .12 1.282253265381 '::-0.1245350 7913-IT- - I. I577 I675 1099
1638 2 1.1707315'~4495 -0.070370554924 -1.100360870361
1638 3 1.190446853638 -0.080626428127 -1.109820365906
1638 4 1. 15227794.6472 -0.102')27535439 -1.a50250D53406
1638 5 1.082154273987 -0.104971468449 -D. 977183520794
1638 '--. -6 1.657645225525 - 0.432851:314545 -1.224793434143
1638 7 2.392252922058 -0.832229793072 -1.560021400452
1638 8 2.990'836143494 -1.152881622314 -1.837952613831
1638 9 3.619325637817 -1.478377342224 -2.140947341919
1638 10' 3.886495590' 210 - 1.614119529724 ..=2•..2Z23.,1.S-10681.2
1638. 1I 1.1(15422019958 -0.040759801865 -1.064661979675
1638 12 1.257642745972 -0.068690359592 _.J'.'188952445984
1764 2 1.193135261536 -0.041852772236 -1.151282310486
1764 3 1. 172596931458 -0.031306445599 -1. 14J 290664673
I 764 4 1.18731784820'6 -0'.080427885056 -1.106889724731
1764 5 1.659230232239 -0.35&163064861 7.1.302467346191
1764 6 2.043190'956116 -0.569123268127 -1 •.474006'7-34~-14
1764 7 2.557300567627 - 0.833052456379 -1.724247932434
1764 8 3.301035881042 -1.205747604370 -2.095286369324
1764 9 3.506927490234 -1.29>3396110535 -2.208530426025
\ 764 • 10 ,3.46133899.6887 -1.268599510193 -2.192737579346
1764 oil 1.407691955566 ":0.154409170151 ,.1.253282546997
1764 12 1.231061935425 - 0.0 12737274170 -1.218324661255
1890 2 1.282484054565 -0.046071052551 -1.236413002014
1890 3 1.30 2860 2600.10 - 0'.056685030'460 -1.246174812317
1890 .4 1;.678142547607 -O;285550653~34. ":1;39.2591416440~ • ~ "7 ,'- '" - . .0 -, .". " ." ~ -. -.. '~, - " . -.;. ~," -. _.



...
1890 5 2.145506858826 - O. 5434054 I 36 2t:l -t.6(,210('372314
1890 6 2.555478500366 -0.75&098151207 -1. 8~{ 379753113
I 890 7 2.95'J4795?7445 - 0.942346394062 -2.008131027222
1890 8 3.073172569275 - O. 979031383991 -2.094140052795
1890 9 3.144321441650 - O. 997258484364 -2. 147r-&039 4287
1890 10 3.1293888')<;2)4 - 0.984358787537 -2.145'.'28114319
1890 1I 1.280378341675 - O. 04293960 33 29 -.1.23 '''''39155579
1890 12 1.202552795410 0.043236374855 -I ;2-4 . '39"527893
2elc 2 1.513174057007 - 0.117928206921 -1.39"245552063
2016 3 1.495164871216 -0.108651876450 - I • 3865 I 2756348
2016 4 2.258180618286 -0. 518~8971 8437 -1.73969078064=;
2ul6 5 2.572944641113 ~O. 68~0098S-00 25 -1.888934135437
2016 6 3. 050C 99 372864 - 0.915700852871 -2.1343<;75n6714
2016 7 3.070975303650 -0.90IR926620~8 - 2 • I 6ge <31687<; 27
2016 8 2.795113331909 -0.735116302967. -2.059999465942
2016 9 2.697796821594 - 0.666684269905 -2.031110763550
2016 10 2.828994750<;77 - O. 72736591 1007 - 2. 10 162830 3528
20 16 I I 1.157944679260' . 0.051'689019203 .'_., .:-1.2196340560.91
2016 12 1• 1721 591 94946 0.0'99142074585 -1.2713012695 31
2142 2 1.736459732056. -0.178212821484 -1.558246612549
2142 3 1.756958961487 - O. 188807487488 '-1.5681505'20325
2142 4 2.388065338135 -0.506518542767 -1.881546020508
2142 5 3.160058975220 - 0.889857590199 . ,..2.270198822;) 21
2142 6 3.086023330688 - O. 82960796.3562 ... -'-2.256415367126 .l>2142 7 2.894888877869 - O. 7090960741.04 :'-2.185791015625 I2142 8 2.696607589722 -0.5905856~9014' ...•"-2.106019973755 -2142 9 2.481565475464 - O. 466645121574 ~ -2.ClI4920234680 CS'
2142 10 2.268508911133 - O. 350 706 27 9278 .-1.917801856995
2142 1I 1.744725227356' -0.1925161"480'90 .y' -1.552208900452
2142 12 1.139928817749. '0.154891550541 ' .. ,:,,'c. -I. 294820785522
2268 2 2.0:>5912780762 ..,..0. 25396996 736S~ :'.'.' . -1.751942634583
2268 3 1.987592697144 -0 •.24445182 ..085.0. '. -1.743140220642
2268 4 2.6577692031.86 -0~.56.o065746307 .V -2.097702026367
2268 5 2.900268554688 -.0.6522,)195.0550 -2.248D64041138
2268 --" .. 6 3.004966735840 -0 ...•.68.38",.371 30'i 7 -2.321092605591
2268 7 2.712615013123 -0.51932S'435162 -2.193287849426
2268 8 2.581907272339 - O. 441410660744 -2.14';494346619
2268 9 2. 2C,046981 0486 -0.2756'554484,37 -1.9928\ 311 0352
2268 10 2.135992050171 -0 •.2073.161"60202 -1.928673744202
2268 11 2.31 1880 I I 1694 -0.416'83.0539703 -1.895047187805
2268 12 1.105913162231 0.210399270058 -1.31&312789917
2394 2 2.271055221558 -0.3183813095.09 -1.952673912048
2394 3 2.291321754456 -0.328785181046 -1.962534904480
2394 4 2.499500274658 -0.390~47974205 -2.109049797058
2394 5 2.5(' 4431724548 -0.355512022972 -2.148918.151855
2394 6 2.528351783752 -0.343222439289 -2.185128211975
2394 7 2.692527770996 -0.416971266270 -2.275555610657
2394 8 2.285579681396 -0.2.05426335335 -2.0801506.04248
2394 9 2.236988067627 -0.182842314243 -2.054144859314
2394 \Q 2.268431663513 -0.201006114483 -2.1)67423820496
2394 11 2.265708923340 -..0_.31"5097212791 - 1• 95) 6 I 1 I I 4502
2394 12 1• .070 164C,804 81 0.265577316284 -\.335741996765
2520 2 2.192430496216 -0.201877534389 -1.990552902222
2520 3 2.174837112427 -0.192654371262 -1.982180595398
2520 4 2.139372825623 -0.-125395774841 -2. l' 1397609 7107.



2520 5 2.1296"6301270 -O."O8299~613~ 16 -2.046652793884
2520 6 2.194l6236R774 - o. (''l9iJ 1 994 7~'52(1 -2.103962898254
2520 7 2.102948188782 -0. ~3')b32(\1 '01.;43 -2.07231521(,(\64
2520 8 2.348233222961 -C'. 159157752991 -2.189074516296
2520 9 2.285493850708 -0.131163597107 -2.1543302536'11
2520 10 2.3374443')542C -C).15 ,,')7810364 -2. 178946495J56
2520 \I 2. 23( 449676514 - (,. 22 .• '>66.') 'j 189 -2.~!)9990692139
2520 12 1.032740592957 0.320338904858 -1.3530788421/'3
2646 2 1.6519020629'38 O. 142:37531 3759 -1.794676780701
2646 3 1.6693,'14956360 0.13390338420'1 -1.tlO3287506104
2646 4 1.81' 6838989258 0.113451063633 ~1.92028q039612
2646 5 1.830906867981 0.13859415')543 -1.969500541687
2646 6 1.7"6441879272 0.228169424629 -1.9345102310 18
2646 7 1.852116584778 0.166,,54368') 19 -2.[ 1817<:'35675)
2646 8 2. 103349685669 0.042966842651 -2. 14631652832~
2646 9 2.449124885559 -0.134941101074 -2.31318283(1811
2646 10 2.302465438843 -0.061693191528 -2.240772247314
2646 I I 2.119543(75562 - {). I) 892626643 18 .-:2.03028011.3220
2646 12 0.993697226048 O. 3743990?91 59 -1.368295669556
2772 2 1.122200965881 0.463527':>8.3397 -1.585727691650
2772 3 1.105982780457 0.472061514854 ':'1.578C43937683
2772 4 I. 36299'30) 8728 O. 39649611 711~ -1.759493827320
2772 5 1.385623931835 0.423159420490 -1.8087835311'19
2772 6 1.490744590759 0.393551170826 -1.88429546.3562 ):>.
2772 7 1.7(' 79')\ 954651 o • 300 7ao 89 23 72 - 2.0') 8682250977
2772 8 1.953067779541 0.189336657524 -2.142404556274 -<l
2772 9 2.120762825012 O. III 7858886 72 -2.232547760010
2772 10 2.558217048645 -0.111511230469 - 2. 446704864502
2772 I I 1.076249122620 0 •.5.04265129566 -1.580513954163
2772 12 0.953097283840 0.428272604942 -1.381369590759
2898 2 0'. 584301 7 I 0 I 29 0.770137488842 -1.354438781738
2898 3 c).6(,0458800793 0.761924445629 -1.362382888794
2898 4 0.687765359879 0.779985368252 -1.467750549316
2898 5 I. iJ24993896484 I). 65()';)85 27 04()5 -1.675Cl79345703
2898 6 I • 387939453 I 25 0.495155394077 -1.883093833923
2898 7 1.592391014099 0.416164815426 -2.008555412292
2898 8 1.726324081421 0.368728518486 -2.095052719116
2898 9 2.064186(196191 0.211839675903 -2.276023864746
2898 10 1.940C32005310 ('1.284338355064 -2.224370002747
2898 I I 0.130187273026 1.013363838196 -1.1~3550872803
2698 12 0.911003828049 0.481274724007 -1.392277717590
3024 2 0.06(l069508'151 I.05144405365C - I • 1I I 51 3 1378 \ 7
3024 3 0.044897645712 1.059453010559 -1.IJ435IQ43?C1
3024 4 0.265393316746 1.013858795166 -1.279252052:1(17
3024 5 0.691938519478 '0.850835800171 -1.542774200439
3(,24 6 I • 1276 I 2 113953 'O.6719536i 8526 -1.799565315247
3024 7 1.4(\7166481018 0.562403321266 -1.969569206238
3024 8 1.704116902771 0.4380 ::10')770 39 -2.142177581787
3024 9 1.547128677368 O. ~:"40\ 34489536 - 2. Co 8726215.3625
3('24 10 1.572795867920, ,0.533462524414 -2.106258392334
3024 11 0.094980180264'". '.' 1.0345'89767456 ',.:.c',, .-1.129569053650
3024 12 -g: g~~:~~~~~~~~<.

0.'53352272510S -1.4010C5744934
3150 2 : h 1'26520156860 -1.038863182068

-." - -. ~- ." _ A. _ • __ ,~ • ___



3150
3 150
3150
3150
3150
3150
3150
3150
3150
3150
3276
3276
3276
3276
3276
3276
3276
3276
3276
3276
3276

3
4
5
6
7
8
9
10
I I
12
2
3
4
5
6
7
8
9
10
11
12

-0.075315713882"
0.050776235759
0.369766473770
0.71297216'4154"
1.240338325500'
1.22930145263.7
1.215060234"70'7
1.156326293945;; "'.'

~O. 009673662484,'
0.822604358196' _.
O. 203091 979027
0.191433548927
0.029690682888
0.073467016220
0.484215736389
0.537435829639
0.7537702918:)5
0.840392351151
0.859234631'062 .

-0.2693203.687,67 '
0.776436150074

': • 1'20248794556 >;:1.044932365417
1.1293678283'69'-1.180144309998
I •~34697 53 2654 '.~1.404464721680
0.9169552922'25 "-:";;;'1.6299'26681519
0.69305(56)335.~1.933388710022

g: ;~~n~6~~~~~y:=:: ~~~~~1~~J~~~
0.794563174248 l;::.i .... -1.950889587402
1.089320182800 c,~0' "-1.'0796~7064209
O. 584935247898','. ,::::;'~ -1.40'7'539'367676
0.977292418460":"""",;;; -1.180383682251
. 0.9834487438:20l:cS -1.174861935120
1.140746~~66'3Bq~ -1.170436859131
1;194561680359 -1.268033981323
I;054'7695159'91 ":1.538985252380
1.085982'322693 -1.'623418807963
1.~11672019958 -1.765441894531
O.9860691428J.8 .. -1.626460836316
o 961661498!f4'7., .•l~, ,-'1''''840895652771
b:g~~~t~~~~~';-(.~',:i:;t~;T~~~U~ci~gJ>\

""



STUDY

I
I

I IA.2. C@MPUTER PROGRAM NO.2
PROGR~ TO C6MPUTE CURRENTS AND VOLTAGES

: I .
SYSTEM INiSTEADY STATE BY A LOAbFLOW

I '
;

IN A



A -{ "}
lV 360N-FU-~79 3-8 DATF I 1/1 2/84 11M",

THIS PROG~A~ PERFORMS A SIMPLE LOAD FLO. STUCY OY GAUSS SEIDEL
ITERATIO~ METHUD ON n SYSTE~ TO COMPUTE ITS STEADY STATE NODAL
VOLTAGES AN~ CURRENTS FROM NODE TO NO~E WHICH WILL BE USED AS
INITIAL V"LUE.,; IN THEe TRANSIENT STUDY.

INPUT DATA REQUIREMEN1S IN SEQUENCE.
l.l.NDA1CD=NU~5ER OF BRANCHES (ELEMENTS) BETWEEN TWO BUSES
REQUIRING A RECOPD TO PRJVIDE DATA ON ITSELF.
1.2. NOUS= NJMBER ~F BUSES OR NODES IN THE SYSTEM STARTING WITH

SERIAL 'I' BUT EXCLUDING DATUM NODE.
1.3.ITRMAX=MAXIMUM NUMBER OF ITERATIONS.
1.4.ACCLRN=ACCELRATION FACTOR.
1.5.ALVlOEV=TULERANCE VALUE TO TEST CONVEFGENCE.

SYSTEM CONSISTING
BY CHANGING THE

I P. I P I +YC H "'R G I I P • I A'
10.IQI+YCf-'i\RG[ IPdQ'

I
I

DIMENSION--THIS PROGPAM CAN HANDLE PRESENTLY A
DF 10 BUSES(NODESI.THIS CAN BE EXTENDED SIMPLY
OIMCNSIDNS OF SUBSCRIPTED VARIABLES.

THE FQLLO.ING DATA REOU1RlO TC BE Fur;NISHEU CORRcSPON'D1 NG TU UNE
BqANCH.SI~ILAR ONE RECORD FOR EACH OF OTHER BRANCHES.
2.1.IBPTYP='O'" IF NO BRANCH [XISTS BET ••EEN A P"IR OF NO)ES.
2.2.ELSE='Ol' •
2.3. 'IP' AND' la' ="AIRS OF NODES BET"EEN WHICH A BRMKH EXISTS.
A BRANCH 5HOJLD BE SPECIFIED ONLY ONCE THAT IS THE ORDER'IQ-Ip.
NEED NOT BE MENTIO~ED IN ANOTHER RECORD.
2.4. ZIPIQ=IMPEDANCE IN ".U.BETWEEN BUSES 'IP'ANO '10'.
2.S."DCHRG=SHJtH CAPACITIVE ADMITTANCE FROM EACH OF THE BUSES
.IP'AND 'IU. TO DATU~ [THAT IS EOUAL TO HALF THE TOTAL
AonITTAhICI: OF THE LINE SECTION 8Er~E.EN • Ipi AND 'la' TO DATJM).

THE LAST DATA SET CV"PRISES AS .'~AN1I' FECORDS AS THE NUMBER Of
BUSES IS(=\loUS)STA,TING ~r~Oi,j BUS >.Jrlltel' E4CH REC.ORD NEEDS FOLLOv.ING
DATA ON THE CORRESPONDING BUS.
3.1,' IOSTf;:::l'='01' IF THE" DUS SE 4 LA.CY GUS.
ELSE='t\21 I I

3.2.'EPTHdS'=S?ECIFIED V~LTA.GE IN ~.U. A1 THE BUS.
3.3.'\"'V~Rt=NET REt.._ AND ~fA.CTIVE ?OWER FLU~i INTO CR OUT OF THE BUS.
DII~ENSION ITYPBS: 1'1, ITYPBR( \1).1011 i
COHPLEX EBOSI 10 I,BUSMVA [I '.ll,AKLP{ I (;II, AYPQLPOO ,10 I. YCHi\R:; (lD .10 I.

+YBUS[ 10.1"; I ,A IPO[ IO,IC' I.EPTHBS, WVAr~ ,8USY.,ZIPI Q.EBUSPR. ABUS .ADCHF<G,
+DELEUS.VA~P i : •
READ: I. I (» • END= 90C' 1 ) NDA TCO. NBUS. I TRMA x', ACCLRN .A LWDEV
FORMATI313,2FIO .• 81 I
DO 1100 1= I.NBUS
BUSMVA( I I=CMPLX( 0.0.(\ .01
00 II0e J=I.NBU5
YCHARG{ I, J I=CMPLX( 0.(', C.I)
YBUS[ I.JI=CMPLX[ C .• D.O.I)!
ITYRBR[ 1. J I=Q
DO 200 ID=I.'lDATCD
f'CAD( I, lOll IBRTYP.IP, IQ.ZIPICJ.ADCHRG
F 0 R;.1 i\ T [ 31 ". 4F I (J • 5 I
ITYPBRI IP. IQI=IBRTYP
ITYPBR{ IQ, I PI =IBflTYI"
YBUS: I P , I Q t .;:::- 1 • /2. I PIC
Y8U~t 10. IP) =YBUS{ IP,. I OJ
YCHARG( IP.IOI=ADCHRG'
YCHARGI 10, IPI=ADCHRG
YCHAR Gl IP, I ?1=YCf-'ARG[
YCHARG( 10, 101=YCHARGI
CONT I NLJE
DO 11,)1 I=I.NBUS
READ: 1.1[;21 I8STYP.EP1H!3S.~iVAR
FORM4.T{ IZ,4F10.S}
ITYPRS[ Il=IBSTYP
EBUS[ I I =>oPT H:J S
BUSMVA[ II=WVAR
BUSy=yeHARG II, I 1
DO 1102 J=I.NBUS
BUS Y= BUSY-Y BU S( j ,J I
Y 8'.JS ( I. I ) -== BIJS Y
VAMP=COI'lJG[ [3LJS'~Vi\[ 1)1
AKLP([J: VAf"'~ /YBUS([.I;
DC 11C'3 I=1,hI8US
DO 1103 J= I .NBUS
IFIJ.EQ.IIG'J TO 1103
AYPOLPI I.JJ=Y8USI I,JI/YBUS{ loll
CONT INUE

liD I

I H, 2

ccce
c
c
C
e
CCCC
C
C
e
(eCC
C
C
e
C
C
C
C
(

eccc
(

C
C
(
(
(

C
(

C
(

C
CCC(
(

C
(

C

1100

c
c

2C'0

101

I I D 3

6600
100



IV 360N-FO-479 3-8

DO 1\C,4 lTR=I.ITRMAX
DEV '= 0.0

e

MAIN"GM DATE I I / I 2/84 T II~E I,

.;

I I (17

e

e
e
11:)5

II(4

SOt.
3Ir'OO
90DO
310

311
120 (I

90 () 1

DO Il()S 1= I .NBUS
ElJUSPi'l=ERUS (I I
If( !TVPBS( I I.EO.OIIGO TO 1105
ABUS=CONJG( EOUSI I I)
EBUS(II =AKLP:IJ/ABUS
DO 1107 1l=IoNBlIS
IF( II .EO.r I GO TO 1107
EBUS( I I=EDUS[ II-AVPQLPI I. 111*F:I3USl I II
CUNTINUE
DELEBS=EBUS[II-EBUSPR
EI3US ( 1 I =EHU SP R +A eeL RN* 1 EB us: I 1- EB USPR I

OELABS=CABSIOELEBSI
IF(DELABS.L.E.OEV>GO TO IH;S
DEV=DEL AtlS

COIH 1 NUE
IF :DEV.LE.AU~OEVI Gel TO 9000
CONTINUE
WR ITEI 3.500 I
FORioiAT{' l' 5X. "NO] CONVERGENCE-)
FORM4TtSX.I2.2X,12tE14.8.,3X) )
.:R IT E [ 3 .310 I I
FO~~~TL.l'T2,'BU~ CGDE'T20.'SUS-VOLTAGC'T68,'BUS CODE'1'9)~tLINE

+P.'/T21.' IN P.U_tT6B, 'FRor""T73,tTO'r92 .•1I IN P.•\.).'/I
DO 1200 (=l.NBUS .
,:RITEI 3.31000) I. -BUS! I I
DO 12;;'} J= I 'NRUSft .
IF{ITYD8P::'I~J'.E .ClGO TO 120iJ '
IF[J,LE.IIGll TO 12('0 I ' ,

AIPQ~!. Jl=:-IEBLJSl I I-EBUS( JII*V7USl I ,J HEEUSl I '*VCHAkGl I oJ I
I';PITE.3.31,1 I II.J.AIPQ, I.J)
FORMAT . 168X.2II2.2XI.3X.21EI4.8.3XI
CONTINUE I
GO TO 6600
STOP
END I

I

AM



A.3. COMPUTER PROGRAM NO.3
PROGRAM TO LOCATE THE DATA POINTS IN A PLOT
OF VOLTAGE VS. TIME IN MICRO SECONDS



IV 36~N-FO-479 3-5 A-21 [)J:...1 L 1 d / 1 :C1 [)4 T I :.n: J :

CCCC
C
C
CCCC'
C
C
C

. C
I CCCC

C
C
C
C
C
C
CCCC
CC
C
C
C
C
C
C
C
C
C
C
C
C

.1 C
C
C
C
C
CCCC
C
C
C
C
C
CCCC
C
C
C
C
C
C

lor,
1

C
C

THIS PROGRAM PLOTS LIGTNING OR SWITCHING OVER-VOLTAGES IN P.J.VS.
TIME IN ~ICRO SECOND.

DIMENSION-THE PROGRAM H'IS A PROVISlor, TO "'LUT :30(, O'ITA POINTS
WHICH IF NEEDED CAN BE INCRE4SED SIMPLY OY INCREASING DIME;NSION
OF THREE ARR'IY VAFH'I8LES ONLY VIZ. 'VOLTP'\{30(JI','VOLTPB(300I,
'VOLTPC(3CtO)'."

THIS PROG~'IM H'IS A LIMIT'ITION TO PLOT OVER-VOLT'IGES DUE TO
LIGHTNING STROKE OR STEP INPUT IN EXCESS DE 4.0 P.U. WHILE THPEE
PHASE SWITCHING OVER-VOLTAGES IN EXCESS OF 3.0 P.U. THIS
LIMITATION CAN BE OVERCOME BY CHOOSING SMALLER SCALE, PRESENT
CHDICE IS 0.2 P.U.PER SM'ILLER DIVISION TO GIVE PLOTS IN STANDARD
CONF I GURAT ION.

INPUT DATA REQUIREMENTS IN SEQUENCE.
1ST DATA SET -CJMMON FOR ANY TYPE OF PLOT.
1.1.' bIODE'=SEPIAL NUMBER OF THE PARTICULAR NODE I r; THE SYSTE.M
UNDER STUDY.AT WHICH PLOT OF OVER-VOLTAGE IS DESIRED.
1.2.'NDATA'=NUMBER OF D'ITA POINTS THAl IS OVER-VOLTAGE
CORRESPOhlDI NG TJ E'ICH TI'IE STEP IMICRO seCOND I.F OR LIGHTNI NG Of,
STEP !t'.JPJT TIME SHJULD BE RECKONED EROM I flIC;:jO SECOND AND THE
CORRESPONDING OVER-VOLTAGE. IF NOT 'IVAI LADLe THE OVER-VOLTAGE
AT I MICRO SECOND SHOULD DE GIVEN 'IS 0.0 P.U.
1.3." ITYPTR --TYPE OF "TRANSIENT.

='001' IF THREE PHASE SWITCHING TRANSIENT PLOT.
ELSE ='OQ2' IF LIGHTNING OVER-VOLTAGE PLOT.
= '003' IF STE~ INPUT TO A SINGLE PHASE SYSTEM AND PLOT OF
CORRESPONDING OVER-VOLTAGES. b
1.4.'IDELT'=TIME STEP LENGTH OR TIME INTERVAL(MICRO SEcm.J I TO BE
USED IN THE PLOT. i
1.5.'ITMAX'=MAXIMUeI TH~E(~IICRO SECONDIUPTU V;illCH PLOTTING DESIRED
1.6.'PUMAX'=\1AXIMU\1 VALUE AMONG THE OVER-VOLT'IGES IN PER NIT:D.U.I

2ND 'IND L"'ST SET OF DAT'I REQUIRED EXCLUSIVELY FOR PLOT OF
TRANS IENTS DJE TO L IGHTIJING 'IND STtP INPUT.
2.0. (VOLTPAlll.I=I.NDAT4) MEANS SPECIFIED NUMBEr, (=NDATA.' OF DATA
ON OVER~VDLTAGES IN P.U. AT THE CONCERNED NODE AND TO BE -UFNISHED
AS 8 DATA SET lONE DAT'I ~ER SETI PER RECCRD.

2ND AS WELL AS LAST SET OF O'ITA EXCLUSIVELY FOR S ••ITCHING i

TRANSIENT DUE TO THREE PHASE SINUSOIDAL INPUT ('ITYPTR'='POI' I.
2.0, (VOLTPAI I i,VOL TPS( II, VOL TPCIII ,1=1 ,NClATA '1-- MEANS, T1REE DH'ISE
OVER-VOLTAGES: 'PH'ISE-A'. 'PHASE-B' ,'PHASE-C' I IN P. U. AT ~HE
CONCERNED NODE CORRESPO'lDING TO E'ICH TIME STEP AND TO BEl
FURNISHED AS TWO SETS OF DATACEACH SET COMPRISES 3 DATAI[ PER
RECORD. TOTAL NUMBER OF DATA SET IS 'NDATA".
D Ir~ENSION VOLTPA( 3r'[lI. VOLTPB (3001 ,VOLTPC(3PC, I, '"'PLOTS C31

.,VOLTS( 31.ICOL161 '
INTEGER PHASEA,PHASEB.PH'ISEC,BLANK. LINE(411.LINEYC41)~ASTER.

+DUML I N( 12). PL US. PHA SE3: 32) • LINE SW: 132)
D'ITA PHASEA,DHASEB.PHASEC,LINEY. BLANK.ASTER.PLUS.DUMLIN/'A'

+.,lIS','C",41-*'+',,' .,'*-'1,"+'.. ':-'1',
+'I',,'C','RlI ,'0', •••• S ••• E'1I •• C•.•• O•.•• N."rD./
DATAP HA:;c: 3/ I - I •• 3 • •• .1'.. ".' '.,' - , , • 2' ,11 'I, I '.,' 11,' - 11•• 1 • 1" .,

+' I," ',_ ','0',' '.' !I,' ••.• + ••• 1•••• ,- .,. ','+'.11211,- .t.
+' ','+".'3'/

RE ADC I. I, EN D= 10 1 I NODE. N~A T 'I, I TYP TR , I DEL T • I T M'I X. PU M4 X
FOR M4 T ( 313, 14, [ 8, Fir. 6 I
IFCNDATA.LT .121GO TO 1(,(11

D= l NDATA- 121/2
O=D+O ,5
JD=D
JL=JD+13
IFCITYPTf-I.EQ.llGO TO 112
LINEI I I=PLJ S
L INEC 41 )=PL US
IFCPUMAX.GT .4.0lGO TO 1(\',16
IFtITYPTR.EQ.2IGD TO B95
WRITEI3,491INODE.LINEY
GO TO 693

C
895 I<RITE(3.2) NODE.LINEY
2 FDRM'ITC'I'////////////j///////////////////

+ 23X,'PLOT OF LIGHTNING DVER-VOLTAGE 'IT NODE NO,' 13/2RX
+,'BASED ON THREE PHASES BEING EQUALLY AFFECTEO'//45X,.VOLT IN !~.U'



I [V 3 &0 N-FO-4 7<) :'>- 8 MA[N"GM 1\-22-. ()ATE 1 I '.,II,;'

READ I 1 • 1D )( VOL T P A ( 1 J • VOL TP B ( [ I • VOL TPC ( I 1 • I = I • NO4T AI
FoRMAT( 6FIO .61
IF~PUMAX.c;T .3.U)GO TO 1005
LMTPLJ=PUMAX
DIFFPU=PU~AX-LMTPU
IFlDIFFPUI901,901,902
M4XPJ=PUMAX
GO TO 903
~:AXPLJ=PUMAX f-1.0
GO TO t904,9G5,9P6),~AXPlJ
\oJ R I T E ( 3 , 5 J J I I NO;J E, ( PH AS E 3 ( I J , I = 1 1 • 2 2 I • ( PH A SE 3 l I ) • 1= 1 1 • 2 2) • I P c1AS E 3 (

+ I I. 1= I 1 • 2'" 1 • ( LIN EY l I I • 1=1 6. 2 f, I • (L I N~ Y ( [ I • I = I 6 .261. (L I NE Y l I , •
+ 1= tG, 26)
FoPMAT('I'//37X.'PLOT OF SWITCHING OVER-VQLT4GE liT NODE NO.'13/54X

WRITEl3.4' LINE
FORMAT( 30X. 41 A II
GO TO 201IF(LINCNT.GT.JD.AND.LINCNT.LT.JLlGO TO 12~7
DO 1203 ICLL=I.41.5
L INE( ICLL I=PLUS
LINE(JSCALE)=4STER
WRITEI3.5IITIME.LINE
FOR MAT I 24X, 16. 4 I A I I
IF( ITMCNT.EQ.4tITMCNT=1
GO TO 20 I
WRITEl3.6IDUMLINlJCOLl,LINE
FORMAT I 23X, AI.6X.41 41)
J COL= JCOL <-I
GO TO 2') 1
DO 1301 [CLL=I,41,5
L INFI ICLL '=PLUS . .
LINElJSCALE)=ASTEP
WR[TE(3.7tDUMLINlJCOLI.ITIME.LINE
FORMAT123X.AI, 16,41A1I
JCOL=JCOL+ I
IFl IT MCNT .EQ.4IITMCNT=1
CONTINUE
[TIME=ITIME+ IQELT
ITTEST=4-ITMCNT
IF( ITTEST 112(1'8 .• 12!'l8.1209
GO TO 100
GO TO (1210. I 21 I, 100 1 , I TTE S T
DO 1&01 [D=2.40'
LINEIIDJ=BLANK
DO 1302 ICLL=I.41,5
L INE( ICLL I=PLUS
WRITE13.5IITIME.LINE
GO TO 100
DO 1303 I~0=2,40
L INEl IDO}=BLANK
ViRIlE ( 3.4 IL IN E
ITIM~=ITIME+IDELT
GO TO 196G
FOPMAT('I'////////////////////////////////2BX.'PLOT

+ OVER-VOLTAGE 4T NODE NO •• I3/28X.'DUE TO ST~P INPUT
i-SYSTEM'//45X,'VDLT IN P.U,./29X,'-4 -3 -2 -1
+ ~3 +4./3QX.41Al)

OF S., I TCd 1NG
[N A. I-PHASEo +1 +2

693
3

70 [

C

4

1204

1203

5

1205
6

1207
130 1

7

201
13000
I,
1208
1209

-1210
1601
196 ()
13(,2

121 I
1303

491

,C
, 112
11 [\

901

902
903
904

50C 1

+/ 29 X , • - 4 - 3 - 2 - 1
+ /30X.41411
READ: 1.31 (VOLT!>A:l" I=I.NOATAI
FORMATI8FIO.61
JCOL= I
I T/~CN T= 0
LINCNT=O
DO 201 IT[I.\E= I.[TMAX.IDELT
1=( IT [ME/IDELTl+1
[F ( 10 EL T • L E • 1 ) I = 1- 1
SCALE=(VOLTP4( 11+41*5+.5
JSCALE=SCAL E+ [
DO 70 I 100= 2. 40-
L INE( 1001=BLANK
L[NEIJSCALEI=4STER
LINCNT=L[NCNT+l
[TMCNT= IT'ICNT +1
IFl ITMCNT.EQ.I.ORoITMCNT.EQ.4)GO TO
IF(L[NCNT.GT.JO.AND.L[NCNT.LT.JLIGO

o +1

1204
TO l2fJ5

+2 +3 .4 '



D4TE 1.0/12/84
" -

+,'VOLT IN :;;.J •• /j/T4.4J~PHASE-C',T5'7.'PHASE-B' "T70 •• PHASE:-A'~
+40 X. l 2 A. 1 •. 1X • 1 24 1 • 1X • 1 2 A 1 /4 1 X , 1 1 AI. 2. X" 1 1 AI. 2 X • t 1AI'
15KIP=41
I I-I lOT H= 1 1
ICUL: 1 J =4::e
ICOL( 2)=52
ICOLt311;::55
ICOLL41=65
ICOLI5J=68
Icau 61=78

I

L INESW: KI=PH4SEC
LINESW(LI=PHASE'3
LINESwL MI=PHASEA
LINCNT=LINCNT+ 1

I
GO TO 8987 I
,; RITE ( 3, 35391 NOD E, ( PH A~E3 ( I I • 1= 1 ,321 , L PHA 5E 3 ( [ 1 ,1= 1 .32) ,
+(PHASE31 I) .• 1= 1. 32}. (LINlEY{ I) .'1::=6. 36\, {L INEY{ I) .1=6., 36'.,.
HLINEY( lil'( =6, 361 J
FORMAT('I'//T4D,'PLOTF SWITCHING OVER-VOLTAGE AT NODE NO~'13/

+T58.~VOLT IN P.U.'///T27.'PHAS~-C.T60.epH4SE-B.T93 ••PHAS~-A1r
+13X,32Al,lX.32Al, lX,32Al/14X •.31Al.2X.21Al .'2X.31AIl
ISKIP=14 I
I]';IDT H=31
ICOL{ 1~=15
ICOL121=45
ICOL(31=46
ICOLL41=78
ICOL(51=81
ICOL(6)=111

GO TO 8987
IVRIT E ( 3, 35\ () I I, DOE, ( PH 45 E3 I I I ,I = 6,27 I , (P H4 5E 3 I I I , I '=6 ,271 •
+ t PH AS E3 { I », 1= 6 .• '27). , LINE Y( I ) " 1 =::: 11 .:;'1 •• ( LINE Y( I ) .1 = 1 1 .31 J •
+( LINE YI 11 .I = \ I, 31 )
FORM4T( 'I'//T 36, 'PUJT OF SWITCHING OVEf.'-VOLT4GE 4T NODE ,"0,'13/
+,1-54,' VOLT IN P.U. '///T33, 'PHASE-C' T56-,.' PHASE-B' ,T79,' PHASE-A' /24X.
+22Al. lX.2'21\ 1. lX.22A.l/25X,21Al,2X,21Al,2X,2.1All
15KIP=25
IWIOTr1=2\
ICOL: 11=26
ICOLI2J=46
ICOLI.3I=49
ICOL141=69
ICOL(51=7Z
ICOL161=92

I SWT C H= 0
JCOL= 1
1TMGJT=O
LINCNT=D
DO 2"5 ITIME=jDELT, ITMAX. IDELT
DO 8,)."-il IDJ =1.132
LINES W{ IDf)) =BLANK
00 3333 le= 1, 6
j CO= I COL: I C I
LINESV;( ICCJ =PLUS
1= ( I TIM E/ I 0 EL T I
VULTSL1I=VOLTPAIII
VOLT5!21=VOLTPBIIJ I
VOLTS(31=VOLTPCIIl I
DU 204 J=I,3
SCALE=(VOLTS(JI+M4XPU)*5+0.5
JPLOTS(Jl=SCALE+1

K=JPLOTS(31+ISKIP
L=JPLOTS(ZI+ISKIP+IWIDTH+2
M=JPLOTS(II+ISKIP+2*IWIDTH+4
FOI,M4 T ( 132A II

80G 1

3539

204
C

33:: .3

C
C
C

5()D 4
C

3510

C
C
C

905

C
C
C
C

.! C
, 8987



IV 36(1N-fO.,-479 3-8
A-:2-"I

NAINf'GM DATE 11'/12/84

21 (I I

7395

.3334

531 I
9 II
50{lS

912
5{l0 b

.913
SOD 7

C
C
C
8988

2102
921
bOO I

922
6002

923
6003
C
8989
2103

c
c
C
7249
931
69C I

932
E9U 2

933
6903
C
8990

205

9208
9209
7977
9513
C
C

7978

'ITMCNT= ITMCNT+ I
1Ft ITMCNT.EO. I.ORoITMCNT.r:,a.4IGO 10 2101
IF tLINCNT.GT.JD.AND.LINCNT.LT.JLIGO 1U 2102
WRITE(3.5U04ILINESW
GO TO 20S
IF{LINCNT.GT.JD.AN).LINCNT.LT.JLIGn TO 2103
ISWDUM=O
DO 3334 ICL=I.6.2
I NT L= I COL { I CL J
L IMIT=ICOL{ ICL+II
DO 3334 JCL=INTL.LIMIT.S
L INES ••{ JCL I =PLUS
IF(ISWTCH.EO.IIGO TO 5311
LINESWIKI=PHASEC
LINESW:LI=PHASEU

. L INES"{ M~=PHASEA
IF: ISWOUM .EO.I IGO TO 7249
GO TO {911.912.913l.MAXPU
WR (T E { 3, 510 5. IT P'"E, t LIN ESW{ I , • 1=42 , 1321
FORMAT {3SX. 16. 91A I I
IF{ ISWTCH.EO. I aGO TO 100
GO TO 8988
\, R II E { 3. S~ 0 6 I I TIM E. {L IN ES W( I 1 • 1=26 • 132 )
FORMAT( 19X. 16.I07AII
1Ft ISWTCH.EQ.I IGO TO 100
GO TO 8988
WRITEI3.5()071 ITIME.ILINESW( 11.1=15.1321
FORi~AT( 8X.16.t18All
IF{ ISWTCH.EO.llGO TO 100

Il"IITMCNT.EO.41ITMCNT=1
GO TO 205
GO TO(921 .•922.92:,Il.MAXPU
WF<IT E { 3 .6" () II DU~' LIN ( J C OL) • { LINE SW( I •• 1= 42 • 13 2 I
FOFMATI34X. AI.6X .• 9IAII
GU TO 8989
WR1T E ( 3 .6" 0 2) DU MLIN 1 J C OL I • ILl NE S ," 1 I • 1= 26 • 132 )
FORMAT{ 18X.AI.6X.I07AII
GO TO 8989
WRITE{3.6~Q3'DUMLIN'JCOL).ILINESWII1.I=15.1321
FORMAT{ 7X.AI.6X.118AI)

JCOL=JCOL+I
GO TO 205
ISWDUM= 1
ISWTCH=O
GO TO 7395

GO TO :931.932.9331.MAXPU
WRI TE '3.690 I) OUML IN ( JCOL) • IT 1ME. {L I NE SW( ! l .1 = 42.132 I
FORM4T{ 34)(. AI. 16.91AII
GO TO 8990
l'iRITE {3. 69 Cl2 I DUML 1 N! J COL I • IT! ME. { L ! NES W' I I • 1= 26. !3 21
FORMAT'18X.AI.16.I07AII
GU TO 899Q
WR I T E ! 3.69!} 3 I DUMLIN 1 J COL J • I T I ME • ILl NE S WII I ,r = 15. 1 32 I
FOflMATI7K.AI.!6.11BAll

JCGL= JCOL+ I
IFI IT MCNT .EQ.41ITMcrH=1
CONT INUE
ITIME=ITIME+IOELT
ITTES T= 4-! T "ICNT
IF! IITEST'9 208. 9208.9209
GO TO 100
GO T017977.7978.IOOI.ITTEST
DO 9513 IK=I.132
LINESW'IK1=BLANK

ISWDUM=J
1 S \':T C H= 1
GO TO 7395
DO 97 11 I J= " 132



. '.~., . -. A,-2.s .,

1 111 360N-FO-479 3-B '~4IN::>GM DI\TE 1"/12/(14 Tl"E

971 1

9712

100 S
7777

lOG 6
8BBB

1rjO 7
778B

101

L INEswt IJ I=HLANK
DO 9712 IJ=I,6
IJO=ICOLIIJI

L INESW( IJOJ =PLUS
WR I,E( 3.S,)0 41LINESW
ITIME=ITIME+IOELT
GO TO 7977
WRITEl3,77771
FORMATl'I'SX.'SWITCliING 3I1ER-VULTAGE EXCEEDS 3.0 P.U.PLOT CONFORM

+ABLE TO THIS PRJGR4M IS NOT FEASIBLE"'l
GU TO 10C
VIR lYEI 3.888BI
FORMI\Tl'I'SX.'OVER-1I0LT.\GE DUE TO LIG.TNING OR STEP INPUT EXCEEDS

+4,0 P,U.PLOT CONFDRMI\OL~ TO THIS P~OGRAM IS NOT FEASIBLE'//I
GO TO 100
WRITEt3,77BBI
FURNAT("I'SX."MINIMUM NUMOERtl21 OF DATA POINTS 15 NOT GIllEN

+ I\S INPUT.PLOT CONFOF~'ABLE TO THIS PROGI<I\;~ 15 NOT FEASIBLE'//)
GO TO 100
STOP
END
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