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Abstract

A digital computer program has been developed to find 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 nocdal
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 (0,0,B) matrix haéineen used to
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 phasés.

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).
FFor each of the systems of studies the nodés 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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CHAPTER 1

INTRODUCTION




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 inducedz(lightning stroke) from a scurce
outside the system. By definition transients are non-sustained:
the time elapsed between occurance of transient currents and
voltages,and the adﬁustment 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 o;igin, 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—voltége
(EHV) and ult¥sa high-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.



Present day research in the field of power system
- transients aims at saccurate 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=
tems have been determined for some time by means of an analogue

| .
computer such as a transient network analyser4 (TNA). A TNA
{ .

although f%cilitates setting up a physical model of a system

|
and the méasurement of transients, suffers from severe limi-
|

tations injscope and accuracy which stems from the represen-
|

tation of distriputed parameters such as line or line sections
' H ‘

byTT—secti§ns or’lumped elements.

Amohg the methods.using digital computer simulation,
those'basea'on"the prtial differential equations known as -
wave equation of a distributed parameter line provide more
accurate solutions. These methods have been widely used in
the stﬁdy of line energisation transients. In the method

16 +ransient

i
of reflection lattice technique due to Bewley5
over-voltages a?-one or two -points in a large system can be
calculated effigiently with a prior knowledge of reflection

and refraction goefficients. But their computation becomes



more and moreé%ﬁpersome procéSS'the more the complexity
of the system.under study. . Anofhef important method be- -
ing used in a number of countries for digital computer
studies of large systems is the Bergeron's methoda'zo.

This is a special application of the method of character-
istic for the solution of the wave equations. Bergeron's
method, although originally dévised as a graphical technigue,
can be described by the two port eguations and equiyalent“f“
network, which facilitates a matrix description of %he

whole system under travelling wave conditions for s;multa—
neous solution of all busbar (node) voltages. Any ntmber of

sources can be accommodated, and non-linearities are easihy

dealt with, |

Finite difference method offers an accurate solution

of the line eguations. However, the method appears Fo be an
inefficient one - it.requires a large storage, and tp. avoid
numerical instability, inconveniently small increments in

time and dJdistance.

A Fourier trénsform7 method has the advantage that
tranémission'lines with frequency depepdént parameters ca? be
represented. However, the Fourier transform is_applicablei
. €O linear systems. This is a limitation of this method. The

use of truncated-range of freguencies for time solution from



I

the.frequéncy response of a system leads to unwanted osci-
l1lations around the frue function due to 'Gibbs phenomenaf.
The modified Fourier transform has been developed to mini-
mise the problem. Alsc a modified Fourier transform method
of dealing with some non-linearities which are piecewise
linear has been recently developed. Compared to most of fhe
other methods, the numerical calculations inveolved in this
method are considerable. In spite 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'coefficienf
ﬁatrices of simultaneous pertial differential equations
such as su;ge'impedanc or brach.admittance matrices containing
off-diagonal elements which re?résent 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,

Laplace'transforml3, Bewley's methodl; and- the -Bergeron's

method8 to analyse -the multiphase problem.



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 parameteré

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 0,&,/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-
1ts for ‘the same systems studied by other Qorks using different
methods.

Some studies ofimportant sections 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 ADMITTANCE MATRIX METHOD
AND
MODAL ANALYSIS FOR MULTIPHASE SYSTEMS
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2.1 TFormulation of Nodal Admittance Matrix Method®for

Transient Studies

A digital c0mputef solution for transients is hécéssarily a

step by step procedure that proceeds along the time axis with a
variable or fixed stép 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,
ceesesesesaness. 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 at t - At,_knownflas 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 equatiens 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 secition of equal travel time7,
T = 'At. This reguires the introduction of fictitious nodes .along

[

the..line.. -

2.1.1 ILossless line

The eguivalent impedance network in Fig. 2.2 for a lossless
transmission line8 is constructed from dfAlemberts solution of the
simplified wave equations.and Bergeron's concept20 of the constant
relationship between voltage and current waves travelling along

the line,.



The-Wavé Equation

Fig.2.l1 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 ofx o+ ol ()
ett) cldXz e+de()
e A -
F:'g. 2. 1. D }j eyentral [Line e/eme(n{ )

The voltage g(x;tj measured at the coordinate x, changes with

the amount _é%iﬁLEL dx along the element dx. Whereas the voltage

drop in the. same will be L'ﬂ—ﬁiiéizl dx.

&t

For voltage eguilibrium -we thus must require

fe(x,t) - L Gi(xit) 2.1
8X it

_We similarly derive an exprgssion for the current equation

§i(x,t)  _ ., _ 8e(x,t) '
Sx% C Tt 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

§2e(x,t) 1 © §%e(x,t) 2 3

SXZ VZ (Stz



where for brevity we have introduced

'vé 1 »

.;}/(chl)
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'Alembertsris in terms of current:

if{x,t) = £,(x-vt) + £

1 (x+vt) . 2.4

2
while'in.terms df'VOltage;

!
e(x,t)y = 2 fl (x-vt) - ? f2 {x+vt) 2.5
with fl {x-vt}) and f2 (x+%t) being arbitrary functions of the

. I - . i , .
variables (x-vt} and {(x+vt}. ThF physical interpretation is that
fl (x-vt} 1is a wave travelling %t velocity v in a forward direct-
ion and f2(x+vt) a wave t;avellﬁng at the same velocity in a

backward direction. :

2 in eguation (2.5) 1is the surge impedance, Vv is the phase velo-
city.

Z

Y{L*/c") , 2.6a

1//(L'c") ' 2.6b

v

Multiplying equation (2.4) by 2 and adding it to or subtracting

it from eguaticon {2.5) gives !

e{x,t) + Zi(x,t) = >2Zfi(x4vtj - 2.7a

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

—2Zf2(x+vt) : 2.7k

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

(x-vt) is constant and in equation (2.7b) (e-Zi) 1s constant



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 eguation .(2.7a) may be visualized in the
following way; let a fictitious observer travel alog the 1line in
a forward direétion at velocity v. Then (x-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

= m— = (T v .
S dywmrct ) 2.8

where d is the length of the line; then the expression (e+i4Zi)
encountered by the observer when he leaves node m .at time t-7T
must still be the same when he arrives at node K at time t, that

is em(t— T) Zlmrk

(t- 1) = ek(t) +Z(flk,m(t))
. (currents as in Fig. 2.2), From this equation follows the simple

two port equation for ik H
: ,

1k,m(t)_-=Tek—(t)- + Ik(t— 1)
and anlogous 2 9a
. _ _ N B
lm,k(t) = 5 em(t) : Im(t T )
[ — —_— —_— —_— —_— — 0
Terminad Tevminal
Koo m
o _ (&) ;
Lk, pm ({) . m, e (£)

.1.

e{({ ) . é}”” ’”{} 2 ef«)

| - (b ,
F"j' 2-2. (@) Lossless Uine , (&) Z?ui\lc lent Im)btea{ance Network



with equivalent current sources Ik and Im’ which are known at

-the #nstant- t from the past.histry at time t - T;

1

I, (t -1 ) = - 5 e (t - 1) - im,k(t ~ T)
1 2.9b
Im(t - 1) = - g ek(t - T} - lk,m(t - 1)

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 1T through the equivalent current sources I.

Updating past history

| Replacing t - T by t in equation (2.9b) it can be dedu-

ced that
I(t) = -~ ——e () - i (t)
when : 2.9c
i (t} = = e (t)r+ I (t - At); for 1 = At
“m,k Z m S Tm !
as seen from equation (2.9a)
f ‘1 .
b T- = = = g -
A?d analogous _m(t) 7 ek(t) lk,m(t) ) oa
-‘ - - 1 + T (£-
with ;krm(t) = ek(t) +.Ik(t At)

Thus at any time 't the nodal currents are calculated using the

value of Ik or Im from the previous time step and then Ik(Im)



is evaluated at time -t in its turn using the latest value

in ~(i.47) i.e. the value calculated just now. This value
) @"]’H@ ( LE/; lp:l‘) “ J
of Ik(Im) is the past history for the next time s{%p i,e. the

time t + At.

of

For use in the very fist time step t = At the initial

value for I IIn must be given as input data i.e. value at

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

t = - At. |

2.1.2 Approximation of series resistance of lines

This work considers the total resistance R as if lumped

by R/4 at both end58'213and R/2 at the middle of the line

\
i
section. Under this assumption the eguivalent impedance net-

work of Fig. 2.l.!and the method of updating; past hitory des-
i

cribed in the preceding section 2.l1.1. are still valid; only
|

: i
the Values8wchangéfslightly‘(Im.analogous.to Ik):

L

z = J@Lr/Ccy + R/4 | 2.10a

I (t-T)= ((l+h)/2) 2 I, from equation (2.9b)

K { x | J 2.10b
+ {(l-h)/2 Q'Im frOm egquation (2.9b)}

with h = (% - R/4/(Z ¥+ R/4) - 2.10¢

2.1.3 Inductance

For the inductance | L of a branch k,m (Fig. 2.3) we have,

Node kK o rFEEETTIN— o Node m

: )

4 Gk (4] NTkom(-8E) +
AN

24 ¢4) - e @m (t)

_..'LDAU‘UM (é) pehem

/g, » . Z) Thaclue Fnee (L) STwrva/ent f.r--bc)qn; n € Aserk,



dik m
- . — . - -
e e L—_EE_L_— . 2.11la

-]
. 1 :
which must be integrated from the known state at t - At to the

unknown state at t

t
: I - 1 -
lk,m(t) = lk,m(t At) + T (ek em)dt 2.11b
{-n¢
Using the trapzoidal rule22 of integration
e (t) + e, {(t-at) :
. . _ 1l k : k B |
lk,m(t)—lk,m(t AL) + I At 5
_ em(t)+em(t—At) )
2
|
At \ |
o1 (e (B) - em(t))+ I (t=at) 2.12a
|
I

with the eguivalent current source Ik m known from the past
f i

history:

at
2L

(e, (E-4t) = e [{-At)) 2.12b

Updatiﬁg past history
Substitating t = t - At in equation (2.12a) gives

. _ At i
1k’m(t—At) = —57— (e_kLt—at) - em(t-dt))+Ik,m(t—2At) | 2.12c

Substitating ik r.n(t—At) from eguation (2.12c) into equation
’

(2.12b) gives,



Ti,m (00 = l(é\{)(ek'u— 24) e (=B4)) +Ip, (02080 2024

Equation (2.12d) is a recursive formula.to be used in updating
I is each time step. Thus T evaluated using this egquation
k,m . k,m

at time ({-—Aﬁ) becomes 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, p becomes a past history at next -time step or time (L+38%).
! - R

To assure correct initial values, in the very first time step

Ik m_must be preset before entering the time step loop i.e.+4=6¢
!

I'k, m(fn;}‘ld/) = (k M(O) — _g_f‘-_ (ek(oj'—e""(o))

i

F
‘ |
The initial conditions e(O) for voltage. and i(0). for currents
jare part of the imput.

|

fThe-Fig._Z.B. corresponds-to equation-(2.12a)

2.1.4 Capacitance

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

Cp (1) = C 2o (€x() —em)) 2.13a
[ .
whichion integration from known state.at ( { - A¢) to the unkn-

own state at t giver;

1

¢ .
j{we Cp o ()= Cf (L) —€m(£)) —(Ek (£-0t) - Em (&-A{))J

o, Er(4) -~ €mlt) = i[/ (4)5{,&]+ op (6- 0¢) = € 4-0t)



which can be integrated on R.H.S. with the trapezoidal rule,

which yields after a simple. manipulation and rearrangement,

ey (R = —25"5— Cék () = €m (1)) * Ik, m (+-40 " 2.13b

with- the equivalent.current.source_Ik m_known from the past
r

history:

Lk, m (€-84) = = Uy op (€-0¢) = %)(ek{(-of)—FN({—Af))
: z2-13¢C

The equivalent impedance network corresp0naing to equation(2.13b)

is shown in Fig.2.4

Nodﬁ-"%

46 o Necke-mm
(&)
Lk, nm ((-0%
. £, @;€ 8¢ )
—y __,_
AN
- £
R= L%
Exlt) . | emts/
- l (£) -
Datum Dafum

,E;'j- 2-4. (‘5')- Ca/ba'c,f:‘an ce (&) z{%u)w:/en-{ ';'m/lecnc.c n €’ K

Updating past history:

Exactly following the same procedure as applied for induct-

ance a recursive formula for updating the past history record



T can be deduced:
k,m .

o (-840 = = 2(50) (700 - enf-00)

2.2
— Ig, (£ 220¢)

2.1.5 Resistance’

For completeness we add the branch equation for the resis-

tance (Fig.2.5):

C, m (£ = (f//e)(ek({)—&»./é))é 219

}S_ L.K,n-{‘{) +m
|
Ex(+) €m(t) l
} .
Dapum Datum

F{g. z2.5. fZLJJﬁ{==nC~€ :

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 éystem comprising trans-
mission line and lumped parameters.R.L.C. The #esult is a system

|

of linear algebraic equations that describe thT state of the

system at time t:.
[V]Lete)] =[] =[7] 28

With ['X] : nodal conductance matrix

[%HQJ : Column vector of node voltages at time t.



E({)j : Column cector of injected node currents at time t
A _ (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 [\{] remains unchanged as
long as A4¢ remains unchanged. It is therefore preferable though

not mandatory, to work with fixed time step width A€ .

Example: Let us consider the following sample system tO illustra-
te the formation of the nodal equations and hence nodal conduckn-

ce matrix [TYJ under transient. conditions.as in egquation (2.153).

tLossy {vecnsSpij-
/ SSiem [tne Sechom T,

o & T-rc @r g @

— : | —

,':,'3.2.(,. Sample Svystem . TAe Aumbex Ir

circle fmnedi e tes o node number,

i

|

|

IThe.differentuelements or branches between nodes of the

?aboJe system may be replaced by the corresponding equivalent im-

|

pedance networks to obtain the configuration of Fig. 2.7.

4



T helly T (-{—.A(— |
) /_O_,ben 4, 3 ) '
@ ® . r—@—ﬁ- 5 :
i 5
1o, ~
Z l]S iJ.q z j-;.(ﬂj Z o! 2 <

i

| |
}::'3 2.72. The semple :y;,éém of i 2.¢ . when S hs
/A/‘C'ch( b~ /e e;ufv:/enk

0(.4']]{6)16/\%- Lyarnckes are YF
I

' lisent Cemolibems,
!mk,ea(aﬁce )"\Eﬁ/fﬂ’&'s Ur\G’CQY fY‘f

Z+R

Then | o @ @ @
a ol o

° |®

+ L€

@ 2C

@ | o E*Z%?% o | o
L\/J = @ |0 |"&c|ri o\ o
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b2

-13

In[jVJ the row correspohding to the node (&) of known voltage
is excluded. If the switch between nodes'(ﬁ)'and (5) be closed

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

56 65
ue to represent infinite conductance), Y55 = % +1000.00, and
Y66 = 1000.00.

In the matrix (Y] all the elements must be in per unit.
7 and the eqguivalent current--sources associated with the lossy
transmission line section should be according to equations

(2.10a) through (2.10c).

fe (‘{)J = é;-q MEY*’— eé is /(r«ourl

(1] - [;wj —[IPUJ
sreve [ie)] = [o]



since no specified current sources exists between any node and

datum of the sample system.

-

F(Ibdf)j- IZ,! (¢-24 )+ 1o ((-"—f)

(Ib‘st‘)3 Tg a (£-28) +1I3 (¢-7)
and, [Tpese] = (G, = L (6= 7)
(Fpest)s Is (6-7)
(Lpse),, O l

- _ -

1
2.2.1 Practical computation
|
I

In the equation (2.15) parf of the voltages will be known

(sﬁecified excitations) and the other will be unknown. Let the

nodes be subdivided into a" subset=A of nodes with unknown voltages
B of nodes with known voltages. Subdividing the

and a subsect
W2 get from equation (2.,15),

matrices and colum vectors accordingly,

N 1T ]

[\/AA] [\/A /'.'.] 1 €alt) (‘A (t) {rA ]

]
|

| [vod Fos] | | 2ot e || o]
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fonv  thick fhe unknowm Vectoy [ente)] is found &7

solvirg [an ][ en 0] = [ Teowar] = [aa]l€st)]
_ ‘ 216
witA [I{o{u] = [C‘A (*)] - [IA] _

Both the matrices [VAA] "and [\/AB] involving step length At
remain constant so long as &€ remains unchanged. This amounts
to the scoluticon of a system of linear eéuations in each time
step. Equation (2.16) is solved by the diagonalization of the

augmente/matix [SQAJLSQGJ by Gauss-Jorden elimination method22

once and for all before entering the time step loop. The same
procedure is then extended to the vector [TIfopuJ im 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 idealr(Y = o
when closed and Y = 0 when open)a. But as computer can not
handle '@’ 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 mgtrix [\f] + With more than
one switches in the net;ork,it is preferable to build[\uAjfgké]

anew cach time a change occurs. However it is not necessary



1o repeat the entire diagonalization process with each change.

Nodes with switches connected are arranged at the bottom(Fig,

2.8a)
§
¥ out i‘;
Stotfcdes ;;é
<_|
/ ; ': E
a
Vit 2
’“"’“"{ ;% /// N

o (4)

{
F,'g. 2Z-%. SA&&(?&A cyeas Shoes Com/;u}a/—;'on_
(a) .Tn,'/-ra//j (é) )4{1’6’7 cacA CAdn;C .

~Jd

- Then the diagonalization is carried out only for nodes
without switches. This also Yields a reduced matrix fbr 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 reducéd matrix is modified to reflect swi-
tch positions (if switch Tetween nodes i and j be closed Ys g
"= 1000.00 otherwise Yij T 0} . Then the diagonalization is com-
Pleted for the rest of the matrix E‘/AAJ[YAQ].



2.3 Modal Analysis of Multiphase Systems

Tke power transmission lines are constructed as three_phase
line either single'circuit invﬁling 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
Qhen 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 energisatién and must be taken into consideration.
Thié may be effected by replacement of scalar surge impedance or
braﬂch admittances in a single phase system by impedance and
admgtance matrices. But tﬁen the solution of remaining system
eéquations 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

_intr'oduCing7 a trnsformation matrix of a suitable form to diagona-

lize the matric eguations. Finding such a transformation matrix

is the well-known eigen value8 problem. Briefly the bProcedure for

a three phase system consists of finding three eign values or

13,14

characteristic roots A of the matrix to be diagonalized

and then from these corresponding. three column matrices X (the



eign vectors) to satisfy: (i:-'lk U) X =0 217

‘when the bar (-) carrys same meaning as '[_ ]’ for matrix not-
ation.

In our problem Z is the surge impedance matrix or the

impedance of a three phase (a,b,c) symmetrical element given
|
- - 2, C] 2 2.0%
ZCQC [ 5 Zr\ﬂ 25 Zm
i
l‘_z—m ZM 25
|
where self impedance : Z2g = 2&4 = 266 = an - & !
and mutual impedance : Zn 7 Z., ° Zue - Cee Floa” 2ae7 Zoczh

We are required to find a transformation matrix L such that
-1

[I-] [-chc] [L] is diagonal.

With 2 of eguation (2.18) the values of A are given as

the roots7 of the following determinantal edguation

'ZS - A z]_'.M .2’“
ZM Z‘.S'A - %m - O
2 2 25— A

y.e. A - a-b a-4, €+26



The corre

sponding eigen vectors are found by using each of

these three *eigen values inturn in equation (2.17). Then with

X in the

the repea

andiit is

equation.

1
;
E .
}~Thls
|

\

form .
Ao '
X :[7‘1;] = (%0 A, Ay)
R

ted value of A

G —b& yields,
Ky + Ay + Aq =0
pOssiblé to choose two independent solution to this
Possible choices of X are,
? { (-1 fs)/z L (1 _—inj/z}
EERSICE (149 73)/2
|

| choice introduces the 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.

The;efore

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 assg

and

- 1 -
Eﬁ} ’J_';:__r :{'—::‘}' Xd

ociated with Ax = A—&

? o, {2 .-/3 } 2 X, , associafed with p,7a78



The eigen vector associatrd with the eign value Ao = €+156

car be chosen to be { 1, 1, 4} = X, .say. If the 3 X 3 matrix

L, 1s constructed from the eigen vectors as

[

_ ! v %
[L] :[;(o, X,,(, xﬁ] = ] -—%1_ JE/‘;_
| [V s

then it is generally known as the modal transformation matrix.

This is alsc the well-known O°{/3 transformation matrix.

The matrix 1T has the following properties:

D s ] |

i Wheve A AEHOJPI\(YGAS}WS;hbh
0 [0 - 300

cov [T[T7]Y - [u]

Wlere [f;] - 1. [L] befﬂ? K nown- as
Vs .

?larke‘s transformation matrix24 and [UvJ is -the unit matrix.

%roperties (i) and (ii) ;how respectively that the matrix [LJ

. and hence [Té] are orthogonaiuand-unitary-matrices. These two

roperties enable the same matrix._[Tc] to hold equally for

current and voltage transformations.



[ @phase] = [:6’«.;;;'] - Tc [emodj [Tc [ €oxs]
[hue] = [ian] = [7][ o] = [T1Leerd

Also the matrix T, is power .:.invariant i.e.

[ ea-éc:] [ [;scj pat [eaoqzj [L;o(/g ' P R -
i
In the above expression the term ‘mode’ refers to three modes

of propagation designated by 0, &, /3 of which any solution

to voltage and currents in a three phase system can be compri-

sed,
. . ! [z ‘O !
( . . r27- .
Hus | ch‘ = "'\f’i Ay T 3?/2' 1/53
) }
Ve N
And it is evident that-ia+ib+ic'= Bié which showsithat sum of
three phase currents is independent of (u N AG Yather equal

to three times the ground current. Accordingly ‘the’ &, /3 modes



of propagation are described as aerial mode or line mode and
0 mode as ground mode. Their physical significance21 is that
the ground mode with all elements equal to 1 describes the
loop with all conductors of the multiphase sysfem in parallel
and return through the ground conductor or ground itself (id-
entical to zero sequence component) while & and /3. mode
describes two loops each consisting of the first conductor

- but having—refurnLvia-the second conductor and the third con- ...

ductor respectively.

With the help of a transformation matrix it is possible to
reﬁresent a-thfee phase line by three modes of propagation,
the voltages (current) of:which travel independently of each
oﬁher and are free of mutual effects'. Each of the independent:
eéuation in the modal domain8 can then be solved with the algo-
rithm tQ the single phase line by using its own modal travel
time -and .modal surge impedance. Finally we transform our-
results back into abc phse gquantities by power invariant

form of transformation matrix 'TC'.



2.3.2 Modal Analysis of Multiphase Switching Transients

Let us considex a three phase equilateral 1inell

section
of Fig.2.9 (transposed and hence symmetric impedance matrix)
energised by balanced three phase sinusoidal excitations

from an infinite bus.

INEINITE
fAus RAR
T TE | ¢ S I
Tk EQUILATERAL
,// | LI ANE |
cC
2, L, &, 2
o | -,
! :
Fig- 2.9]. 2)¢ [ﬂu}/a-/eycf‘ Crveyrt

Then transforming the terminal conditions:-into 0, =, /5 comp-
H

onents giveé the source voltage
- €
[ s] - [ 7] [e“L] - [TLJ {:ecxéc]

Y s yn Vim Cos L€
E-[?/} Tﬁ?ﬁ '\/7(:, Ve Cos (L)€ —129)

0 WL- __jr/z Ve Qs(ae—-lqé)

1)

L




11

which can be shown to

;b
i

S
|

24

be equal to

0

Mﬂ‘:asut

wh5m0$

0
3 Cosut
JS Sin wt
L i

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

neutral.

Obviously this trnsformation has effered us a great advantage

in that we have not tO‘deihuﬁg?ze;o mode response since

mode excitation is absent i.e.eo(t)

zZero -

Thus out of the thrJe

decoupled mode .transform equivalent circuits depicted in Fig.!

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

b Cu 2

L—/—w T s
L..C,.2,
—/_. S ——ll —_—
{a)
Fig.2.10-

(k)

(a) Zero mode transform equivalent circuit

(b) Alpha"mode'fransform equivalent circuit

o (c) Beta mode transform equivalent circuit.

.~ .

LP,CP_Z?

ok, STy
(c



Interestingly enough another advantage results; alpha and

beta mode parameters are eéual for a symmetrical network such
as transmission lines so that we do not have to account the
diffefence_in surge impedance and surge velocity due to mode
variation and hence have not to follow aldifferent scheme of
subdivision of the line.length and interpolate8 the past his-
tory records bétween different modal time steps to correlate
all the modes at ahy instant of time. Moreover we need to comp-
ute' the system admittance matrix  [Y] only once corresponding
to either alpha or beta mode eguivalent circuits, which differ

only in excitation functions.

The final step reguires transformation back to the phase
values. If Ux,ﬁp be the alpha and beta mode response vol-
tages at any node’ in the network of Fig. 2.9 then the phase

values of the response are obtained by the equation:

v Vel Wm0 uo]
Ay
0 | =[] %] = fue v el
. o | |
Ve _ ) W3 AN —yal| Vs
-

—

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

the phase voltages becone



Vi

'/‘rj —l/ﬁ, I/f-.v_

—— "

d vz
- - LV
L NS Ve g &
.

F 0.%1049965 VY

L—

—~ 09032982 Ux + 0 FoF/ 067 {OL/_';

0. 40324t V<~ 07077067 Vs




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 1ightnin§ stroke. The lightning stroke is considered
as if three identical 1/50 ks impulse voltages each applied
to a phase conductor at the point of incidence of a lightning
-stroke. Thus the problem of analysing iightning transient be-
comes modif%ed to that of switching. Applying transformation

from phase to modal domain as in the section 2.3.2. provides,

[hass] = L T‘J . [e‘é’i]

|
€l o ‘ Ak
|
I
|

€ =
v é/} J—Z73
| 0
|
3eld)]
_ O
O




when e(t) represents lightning impulsesand is identical for
stroke on each phase. The expression for e(t) is

e({) = 1oiteFoz (e I736L _ e ¢07 Rea )

p.u. of the normal or power frequency peak voltage12 from line

to neutral. The symbol '€’ om R.H.S. mmeans exponeniial.

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

line to neutral should be multiplied by Ji = 1"41492)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

Vs s JZ3 0 2, Ve/ 3
\}b - f/ﬁ : -—l'/\r-é: V\r—z— O \}o/\rﬁ
Je JAERY 0] | o Vo V3

1)

where &« and /3 mode responses are zero-since the corresponding
exclitations 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

all



3.1 Computer Program

Developing an efficient program requires optimum saving
Poth in memory and computer time reguirements. Electromagnetic
transient programs become more and more complex and time con-
suming as the size of the system increases. Significant and
useful studies as regafds 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 L and C do



ﬁot occur together while a lumped resistance R occurs not
-élone butlwith ei£her an inductance or a capacitancé betw-
een same two ncodes (other %han datum node). In case of
parallel! R-L or R-C branch hetween 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

|
1

that the nodes with unknown voltage and without switchs occu-

-py the lowest onesL those with switches higher and the nodes
with specified voltage sources the highest.

vi) There is a switch bEtween each node with specified voltage

I
source and that wi%h unknown voltage. This switch would remain
1 i ‘

closed thfoughout the anhlysis of lightning transient but not
. 1 ,

‘ . Ny . :
in case of switching transient.

3.2 Algorithm and Flow-Chart

A brief description of the computer program developed
is presented in the form of algorithm and fiow 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 ¢ =x&y program for transient computat-
ion two supporting programsshave been developed to find ini-
tial ﬁ:?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.




CHAPTER 4

SYSTEMS OF STUDIES AND RESULTS




4,1 Introduction

In this chapter a number of studies are incorporated of
which first three are made on system configuration taken from-

10,13

available literatures’. 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 takés a time longer than 5 cycles
to settle to a steady state value. Instgégof 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 dependiﬁg upon the length and travel time of the whole
line section.lThe remaining studies are mostly on energisation
of different impqrtant scetions.with one Oor 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. rms ‘value 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.



With each study computer plots of over-voltages at one
or mére sélected nodes . .is pgovided. 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 Svystems of Studies

4.2.1 Study-I |

System under Study-I is identical to a small single phase
system (Fig.4.l) analysed by Weedylo using digital lattice
technique. In the Fig.4.l; each line is labelled with surge

impedance and surge [travel time in micro-second (multiple of

basic unit) e.gq. 400~ﬂ-,l s. At node 3 the stimulant is a

rectangular wave of Pnfinite 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-

hod is in agreement with that found by Weedylo.
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4,2.2 Study-1II

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-

13 using matrix method of

mple was analysed by Uram and Miller
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 a#s travel time (9.15 miles)

each as in Fig. 4.5

It was assumed that three phase sine voltages of unit
applitude were applied to the line, with the first phase hav-
ipg a zero initial angie and the other two phse angles being

| .
-120 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 Uram and Miller23.

The voltage wave shapes are quite erratic before sett-

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

he said workl3

). This extreme transient response is a result
f 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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and second the lack of impedance at excitation end, which
normally would attenuate the reflection and thus smooth

the transient response.

4,2.3 Study-II1

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 plbt in Fig. 4.8.. of voltages at recei-
ving end is in c¢lose agieement with that of Uram and Ferro;B.
The voltages go through a transient period of about 1 cycle

before reaching steady state values of approximately 1.0 per

unit in all phases.

The response of the first phase (A) is quite smooth
and drops out §uickly while the second (B) and third (C)
phases have rough edges and reguire 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-£ransient responses13 circuit
excited with unit stéps will be erratic and of relatively

long duration.
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4.2f4 Study-IV

_This'study'coﬁsidef; a section of the BEDB g?id,
namely the East;West interconnectdr cf- an approximate length
110 miles (586 #s travel time) being excited ffom an infinate
bus at Ghorasal and transformer terminated at Ishurdi bus
as in Fig.4.9. The energisatioﬁ rms voltaée is assumed to
be 230 KV so that the base impédance for this system is 5&£29%

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

The transformer is represented By the leakage induct-
ance referred to primary side. Then both the nodes 3 and 2
respectively representing the primary and the secondary side

0of the transformer or two ends of the %nduct%nce are appare-
: |
ntly at same voltages due to the open énd condition at node

Z2{capacitance effect of the transformeﬁ has ﬁeen neglected).
! .
The plot of over-voltages in Fig. 4.10 shows distorted
and oscillatry nature of the voltage transient due ‘to the

presence o©of transformer (inductance) terminated end (node

no.2).

.The over-voltage in first phase (A} surpasses those
of the second (B) .and the third (C) phases b%cause of initial
values (at t =0 or just immediately before tﬂe first time
setp) of corresponding excitation as mentlonid in the section

4.2.3, In the first phase it was 1.41 p u. déﬁ- VZ Ceswit peu)



while in each of 2nd and 3rd phases were ~-.707 p.u

. COrres-—
ponding to (€p = Vi Cos(0e-7207)) and (&€= V2 (os(at-290 2)
hespec tively.
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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 S {(24.0 miles) each.

A smail cable section of 0.9 mile length between node

. no.2 (Siddhirganj) and overhead transmission line section com-
iné from node no. 10 (Kaptai) has been represented as a lumped
parameter ( tr.section). However, the branch comprising induc-
tance (L) and resistance (R) is series in the T section

has been qonvented into a parallel R-L braﬁch resulting in
.the elemination of an excess node.

i
]

The plots in Figs.4.12-4.14 are obtained for transient

over-voltages at a nearby open terminal (node no.ll), an
intermediate ndde (node no.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 (Bﬂb ohms) caus?s a major percentage of the incident
voltage to be reflec%ed from both the jﬁnction (node no.Z2
and node no.3) of thl system showm in Fig.4.11l. Consequently

appreciable over-volfages results at nearby open terminal

{(node no. 11) and the far open end (node no.l1l0). The maximum
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4.2.6 Study-VI

The system of this study is the same as that of Study-v

excepting that the excitation g

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 compﬁted from{Base

MVA) / (Short .circuit 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-V as shown in the plots of Fig. 4.16 - 4.18.

Also the wave shapes are more smooth then those obta-

ined in Study-V.
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4,2.7 Study-VvII

This study undertakes the system configration®cf the

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

line section from Kaptai end (node nod2) . as shown in Fig.4.109.

The plots of over-voltages at two cpen terminals (node
no.ll and node no.2) and at an intermediate point (node no.6)
on the right of the cable section are shown in Fig.4.20, Fig,
4,22 and Fig.4.21 respectively. ,
i

The identical over-voltages at node no. 2 and node no.
11 are more than those for same phases at coLresponding nodes
lOvana 11 of the system configuration of Study-V..| This is
because of the presence of two open terminals (nodF no.2 and
node no. 11) in_the form of a bifurcatiocon (f?rk) a% the recei-
ving end of the line .section of this study, ?eading to an in-.

creased reflection of the voltage incident at the cable over-

head line junction at node no.3 (Fig.4.19). f
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4.2.8 Study-vIIl

The system shown ianig. 4.23 and considered by this
study is ' Goalpara-Ishurdi-Thakurgaocon transmission line of
West grid BPDB which was in relaxed condition before its ener-
gisation from Ghorasal through East-West interconnector. The
total iength of line was divided into )i segments of travel time

{95 micvo second{ 3F0omiles) each.

Over—voitaées were plotﬁed at both the open ends {(node
nos., 2 and 10) as shown in FigL 4.24 and Fig. 4.25 respectivly.
The wave shapes can be explained in the same way as in sect~-
ion 4.2.7 because of the presence of a bifurcated line a£

.

Ishurdi (node no.7).

.
|
|
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4.2;9 Study-IX

The*systém_bonfiguration of this study as in Fig.4.26a
is same as that of preceding Study;VIII but with two lagging
loads conhected at Ishurdi and Thakurgacon. 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 ihitial conditions on node voltages and iﬁternode currents
oﬁ the system configuration sﬁown in Fig. 4.26b. where the

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

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

and Fig. 4.28.

ﬂue to loaded condition at Thakurgaon (node no.2) the
over-voltages were diminished;in magnitude as evident from

i |
Fig. 4.27 relative to that found by the preceding study.

| :
However, 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
conform%lto the view7 thatlthe magnitude of over-voltage pro-
duced dépends on the magnitude ©of the initial voltage trapped
. on fhe ine.and 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.l0 reveals this fact when compared



with the waveforms of Fig. 4.25,.
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4.2.10 Study-X

* The syétem shown in Fig. 4.29 in this study comprises the
Sylhet-Siddhirganj-Kaptai traﬁsmission line section of East grid
of BPDB the three phases of which are simultaneously subjected
to individual lightning impulses (1/504s }. Double lightning
strokes at an interval of 500 microseconds are considered to bhe
incident at Sylhet end. The whole line was divided into 15

segments of 126 /0‘ "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.lé). The maximum peak féund is

f
l.6{p.u. at node no.lé6.

| The same system configuration on single phase and loss-
lesé representation for 1£ghtning surge effect by a previous
workS. But it did not consider the small cable section which
would cause severé reflection of the travelling waves. More-
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
referred to the peak valuegm12 of system frequency (50 Hz)

-volﬁage {line to neutrél) so that-in p.u. of system base vol-.

‘tag (132 KV) the same becomes 1.016 X 2 p.u., If same refer-



ence for lightning impulse peak as in this work were adqpted
by the said work5 the magnitude of oveg—voltageé would have

been more thaﬁ that obtained by it without considering 1line
resisfahdes and lumped cable section (1.51 P.u.) at Ghorasal
(node no.é in Fig. 4.29). Then in an indirect way it can be
inferred thd£ 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 BPDQ subjected to a double ligﬁtning
stroke at an interval of 500 microseconds at Thakurgaon.
The whole line was divided into 16 equal segments of 126/45

travel time (24.0 miles) each.

The open far ends, node no.15 and node no.l7 are id-
entified as points for voltage surge build up and plot of
over-voltages respectively-given in Fig. 4.33 and Fig.434.
The maximum over-voltage obtained is 3.0 p.u. at M?ngla(node

no.15) . ‘

!

|
A previous work6 on lightning transients On}single

Phase basis shows an over-voltage of 3.577 é.u. at open end
(node no.1l5) Mongla in the system of Fig. 4.32. In tﬁat work
line resistance was neglected and also the representafion of
the lightning impulse was with a peak of approximately 1.016
p.u. of the system base ﬁoltage (usually rms value is meant)
as discussed in section 4.2.10. This comparison also leads

to an inference of the diminishing effect of iine résistance

on over-voltage peaks.
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CHAPTER 5

CONCLUSIONS



5.1 . Conclusion

The mathematical basis for computatién of switching ,
and lighfning transiént 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 dgveloped. Alsb two supporting prog-
rams have been developed respectively to obtain initial
values of voltage and current in a system in.steady.state
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 main program.

‘The response of a number of transmission sy%tems Fo
.switching and lightning surges has been described t@rough
the use of the developed digital computer programs.iThe 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 nodél admittancé matrix method by this work.

The plots of over-voltages for different system o%

sttudies under various operating conditions show that:

{i) The energy dissipation in series line resistances of

the transmission line diminishes the over-voltage peak to

some exXxtent.



(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 eof view
it is suggested that future research works be undertaken in
this field. Some of them are:

(1) Application\of nodal admittance matrix method combined

15-19 to in-

with transforﬁ method and convolution technidue
corporate frequency dependence in transient analysis on mul-

liphase basis.

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

transients, non linear parameters and corcna effect.
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MAIN PROGRAM ON STUDY OF ELECTROMAGNETIC TRAﬁSIENTS

A.1 COMPUTER PROGRAM NO. 1
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1V 36UN-FD-479 3 B MA EN2GM DATE - 11712784 TIME
CCCC THIS PROGRAM HAS BEEN DEVELOPED BY S.SHAHNAWAZ AHMED AS REQUIRED
CCC  BY HIS M.SC.ENGINEERING THESIS TITLED %*COMPUTER ANALYSIS OF
ccc ELECTROMAGNET IC TRANSIENTS IN A MULTIPHASE LOSSY POWER SYSTEM
ccc NETWORK®*® UMDER THE GUIDANCE OF PROFESSOR SYED FAZL~I RAHAMAN OF
cce ELECTRICA. AND ELECTRONIC ENGINEERING DEPARTMENT.B.U.E.T.IN 1984,
C
CCCC THE PROGRAM COMPUTES TRANSIENT OVER-VOL TAGES DUE TO SWITCHING AND
CCC LIGHTNING IN. A THREE PHASE SYSTEM CONSIDERING LOSS DUE TQ ITS
CCC LINE RESISTANCES BY FORMATION OF NODAL CONDUCTANCE MATRIX FOR THE
CCC  SYSTEM UNDER TRANSIENT CONDITIUN USING BERGERON'S METHOD OF
CCC CHARECTERISTIC FOR DISTRIBUTED PARAME TER5S AND TRAPRZOIDAL RULE OF
ccc INTEGRATION FOR LUMPED PARAME TERS.,
C
CCCC INPUT DATA REQUIREMENTS IN SEQUENCE.
cc 1ST DATA SET- COMMON FOR ANY TYPE OF TRANSIENT STUDY.
C 1.1." ITYPTR*-TYPE OF TRANSIENT STUDY.
C FOR EXAMPLE-
c ='CO3*—FOR SWITCHING TRANSIENT STUDY IRRESPECTIVE OF WAVESHAPE
C CONS IDERING INITIAL VALUES,PROVIDED AS INPUT DATA.
C =*0U1"-FOR STUDY OF SWITCHING TRANSIENTS IRRESPECTIVE OF [NPUY
C WAVESHAPE,BUT ON THE ASSUMPTION OF ZERO INITIAL VALUES.
C =10027-FOR STUDY DF L IGHTNING TRANSIENY STUDY ON THE ASSJMPT ION
C OF ZERO INITIAL VALUES THAT IS INITIALLY RELAXED SYSTEM,
C 1.2.,* ITOTND*=TOTAL NUMBER OF NJODES INCLUDING DAYUM NODE {NODE-~1).
C I.3,*NNODSV *=NUMBER DFf NUDES AT WHICH VOLTAGES ARE SPECIFIED OR
C KNOWN IN ANY ONE OF THE FORMS VIZ.THREZ PHASE SINE OR COSINE WAVE,
C DR STEP [NPUT,0R LIGTNING IMPULSE. THESE NODES REQUIRE TO BE
C NUMBERED BY HIGHER NUMBERS IN THE PROCESS OF NUMBERING NODES IN AN
C ASCENDING MANNER.
C 1e4+® IDELT*=TIME STEP IN MICRO SECUNDS EQUUAL TG TRAVEL TIME OF
C EACH OF THE L INE SECTIGNS.
C 1+5.¢ [TMAX® =NAXIMUM TIME U”TO hHICH TRANSIENT STUDY BE PERFORMED
C STEP BY STEP. |
c 1e64" ALENG®* =LENGTH IN MI_E COMMON FOR EACH 1. INE SECTION.
CCCC  2ND SET OF DATA EXCLUSIVELY FOGR LIGTNING TRANSIENT SUBRCJTINE
ccc *LTNMOD® »

INUMSTK{I)s I=1,NNDODSVI-NUMBER “FlLIGHTNING STROKES INCILIDZINT AT
I-TH NODE WITH SPECIFIED VOLTAGE! THAT IS5 AMONG "NNODSV'.

2ND SET OUF DATA REQUIREMENTS EXCLUSIVELY FOR SWITCHING TRANSIENT
STUDY WI1TH NON ZERD INITIAL VALUESI{TYPE='003%*).

{ENDDAL{I¥s I=1.NROWI-INIT1IAL VILTAGES AT NODES WHERE TRANSIENT
VOLTAGES ARE TO BE DETERMINED.THESE MUST BE IN MODAL VALJE WHICH
IS 1.732 TIMES YTHE PHASE VAILUE O3 TAINED BY LOAD FLOW STUDY -
PERFORMED ON THE SYSTEM IN ITS S}EADY STATE UON PER PHASE BALSIS.

ANOTHER CUOMMON DATA SET FGR SWITCH[NG TRANSIENTIBOTH TYPE ohCe
AND *0O01%) .

*NSLNOD"= NUMBEER OF SWITCHLESS NGDES INCLUDING DATUM NEODE [ND.1)
SUCH TYPE OF NODES SHOULD HAVE LUOWER SERTAL STARTING FROM %1% IN
THE PROCESS 0OF NUMBERING THE NGODES. :

*NNODWS*"=NJMBER OF NODES TO WHICH SWITCHES ARE COCNNECTED
EXCLUDING SOURCE NDDES WITH SPECIFIED VDLTAGES. THEIR SERIAL
SHOULD BE IN BETWEEN SWITCHLESS NCODES AND NODES WITH SPECIFIED
VOLTAGES .

COMMON DATA REQUIREMENTS FOR ANY TYPE GCF TRANSICNT STUDY.
*NDATCD*=NUMBER JF DATA CARDS CACH DOF wWHICH RELATES TG A
BRANCH UR ELEMENT BETWEEN A PAIR OF NODES IN THE SYSTEM OF STUDY.

FOLLOWING DATA [(AINTHROUGHID? RELATES TO ANY TYPE CF TRANSIENT

STUDY REQUIRING TO BE FURNISHED IN ONE RECOD CORRESPCNDIN: TC ONE

PART1CULAR BRANCH.

{A)." ITYPBR*=*G1" I¥F NO BRANCH EXISTS BETWEEN A PAIR COF NODES.
ELSE=*02" IF RESISTANCE(LUMPED PARAMETER}.

ELSE="G3*'IF INDUCTANCE(LUMPED?!.

ELSE=*04" IF CAPACITANCE{LUMPED).

=*'05% JF TRANSMISSION LINZ SECTION{DISTRIBUTED PARAMETER}.

ELSE=*"0E"IF SwITCH.,.

{B8).' NODEK* AND®*NODEM®'= PAIR OF NODES BETWEEN WHICH A BRANCH 15
SPECIFIED.

{C)e®* ZBASE*= CORRESPONDING BASE {MPEDANCE TO WHICH BRANCH
PARAMETERS ARE REFFERED.

ID)+i PRAMET (J}:J=1, 2V I—-RESPECTIVELY REFERS TO R.L:C PARAMETERS
OF A LINE SECTION.THEIF VALUES BEING FURNISHED IN OHMS PZR MILE,
MICRDO—HENRY PER MILEs AND MICRG~FARAD PER MILE RESPZCTIVELY.
HOWEYER FUR LUMPED PARAMETERS BETWEEN TwWO NODES ONLY R{OHM) OF
LIMICRO-HENPY Y GR CIMICRO~FARAD} JPS REQUIRED TB': BE FUFENISHED.
{E) [ ISWSTPI{L),L=1,2¥- THIS DATA IS REQUIRED ONLY FCR SWlITCHING
TRANS [ENTS, ISWSTPI LY REFERS TO THE TIME SYEP IN WHICH THE SmITCH

l!
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C {IF *ITYPOR*=206) C_USES WHILE ISwSTP (2% REFERS TC THAT I[N WHICH

C . THE SWITCH OPENS.

C

CCCC A NOTE ON LUMPED PARAMLTERS,

C IF THERE BE A RESISTANCE AND A REACTIVE ELEMENT (L OR C? IN

C PARALLEL HETWEEN A PAlR JF NODES THAN THE DATA CARD DN THE

C RES ISTANCSE SHALL PRECEDE THAT ON THE REACTIVE ELEMENT.

C -

CCCC LAST SET OF DATA REQUIREMENTS EXCLUSIVELY FOR SWITCHING TRANSIENT
WITH REFERENCE TO NON ZERO INITIAL VALUESI*ITYPTR*=nl'"},

INITIAL VALUES OF INTERNDDE CURRENTS UR CURRENTS THAT WERE FLOWING
FROM NODE TO NODE UNDER STEADY STATE CONDITION DF THE SYSTEM.
THESE NEED ONE DATA CARD FOR INITIAL CURRENT IN REACTIVE BRANCHES
(TYPE=33 AND :+4) AND TRANSMISS[ON LINR SECTIONS{TYPE=(CS5) DONLY.
CORRESPONDLING DATAYAIKMAL®( INITIAL CURRENT FROM NUDES-*K'TO *M*')}
SHOULD BE IN2UT AS 1,732 TIMES THE PHASE VALUE D3 TAINED 3Y LOAD
FLDW STUDY AND ALSE WITH DUE REGARD TO SIGN ON ITS FLOW-DIRECTIGN.

CCC DIMENSION-THIS PROGRAM PRESENTLY HANDLES A SYSTEM CONSISTING OF
2 SwITCH_ESS5 NODES INCLUDING DATUM (NODE.1)..3 SWITCHED NODES AND
2 SOURCE NODES{KNOWN VDLTAGES). MORE NODES CAN BE DEALT WITH
SIMPLY BY INCREASING THE DIMENSION OF DIFFERENT SUBSCRIPTED
VARIABLES DOF MAINPROGRAM AND SUBROUTINES. HOWEVER FCOLLOWI NG
SUBSCRIPTED VARIABLES (MATRICES) NEED TO BE DIMENSIOGHNED IN
SPECIFLIED WAYS AS BELOW.
SSTOREY{I+J)'--TKD DIMENSICNAL MATRIX USED IN SUBROUTINE *LTNMGD".

[aialakelalalalalelalatalalnlialalalataXalatalaialalslakalaln

WHERE I=?*ITOTND® . =((ITUTND—NVDDSV~1)#(ITGTND—NNUDSV)’21+NNDDSV.
THE FOLLOa ING MATRICES ARE USED BY SUBROUTINZ *SWITCH',
SSTYFALL{I+J )*e ®WHEN I="NSLNCDi. J=(INSLNDOD= L #¥NSLNOD/ 2} + INSLNGD*
NNODWS) +1TOTND |

STYSALL{TI.,J0 .« I=NNDDWS. J=LINSLNDD—1 1 ¥NSLNODI /72 1+ NSLNCD -
YIMAGEC [+ J ) s I=NSLNOD. J=NNDID WS+NNODS V.

ICLOSE(I.J) e« I=NNODRS. J—NND)SV.

"SEREFL{I,J 1"« I=NNOD®S. “NW CDWS+NNODSV.

YSTYVAL{I,.J)¥* . [=NNODLS. YHODWS+NNODS YV

ISWMOODIIede 2) @ I=NNODWS. J NNDDSV*NNDDHS-

ISESTPII) . I= 2 [(ALWAYS).

ISWCH{I+J)s I=NNODWSs J=NNODWS.

DIMENS ION ENDDEA( 25), ENCDEBI{ 25) ENDDEC( 25)

COMMON NROW,NNODSV, [TOTND« IDELT oI TMAX I TIME,,IBRTYP[ 25,25):

+/7 L GHT NG/ PIKMD(25-25);PIDISQ(25.25)-:NDD’(25).YLUMP“125-253-
+YDISTO( 25:,25) . HDISTO( 254251 /SV¥CHNG/PIKMAL{ 25,253, PI KMBE{(25,.,25),
+PIDISA(25,25).PIDISB(25;25).HD[STA125-25!. YLUMPA(ZS:25)
+YDISTA[ 25, 25} » ENDDAL(E53¢ENDDBE(25|

COMMON ALENG /LGHTNG/NGDVR 1, NODVR2

+ /SWCHNG/NNJDWS-NSLNDD;NDDVA];NDDVAE.NODVAB.NDDVA#;
+AIKM(95.95I

D
Eh
r3

L. READ(l-l.END=lQSIlTYPTR.ITUTND.NNDDSV.IDELT.[TMAXpALENG
WRITE(3,2)

2 FORMATI["1*'5SX.*TIME IN MICRO~-SEC.*192X,.*VOLTAGE AT NGDES IN P.U."'/
+25X o * NODE NCa"3Xs *PHASE-AT*15X, "PHASE-B® 15X ,*PHASE-C*/ /)

(kg

1 FORMAT(A1Z. 18, F1D.6)
NRGW= [TQTND-NNODSV
IT IME=0
IF{ITYPTR.CR.24GC TO B5%1
IF(ITYPTR +EQ.13GC TG 101
NODVR1=NROW=-1
NODVR 2= { NRGw~ 1) *NRD¥ /2 }+ NNODSY
ENCDO L 13=0 .5 \
CALL L TNMOD

an

DO 201 I=1, NROW
DO 2u 1l J=1.,NROW
PIKMO{I,J0=0.0
PIDISOIL I,J)=D .0
201 CONTINUE
DO 222 ITIME= 1 ITMAX. IDELT
CALL LTNMGD

[a¥a!

DO 223 I=2s NRO®
ENODEA[ 1)=0 «5S773502%ENODD (1)
ENODEB( I 3=ENDDEAT{ 1

e
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[v 26UN-FD=-4T79 3-8 MALIN2GM ‘ DATE 11712784 TIMLE
ENODEC( L3=ENDDEA( T}
WRITE(3-3l[TlME-I-ENDDEA{I'.ENDDEB(ID.ENDDEC(II

z FORMAT L IDX, I8, 10X+ 13, 3(5XsF17.120

DD 203 J=1. NROW
IF {J«NE«L13¥GD TO 1171
GD TO 1152

1101 IF {J.LE«IYGD TO 203

C

C

118 IBR=IBRTYP{ IsJ}

GD 7O (203,203,102, 103,104, 2023 ,IBR

1¢62 AIJT=PIKH%(I-J)+YLUHPQ(I.J)*(ENUDG([D-ENDDO(Ji'
P[KMD([-J)=PIKMC([sJ3+2*YLUMPU(InJl*(ENDDO([)-ENDD?{JIl
PIKMA(J 1 1=-PIKM{-{1,J)

GO TO 203 .

103 ALJT=PIKM [ I,Jd+YLUMP {I,J)*{ENOD ({I1-ENDDOLJM)
P[KMO([-J)=—PIKMO([;J)—E*YLUMPU(I-J)#(ENDDD(I)—ENDDC(J))
PIKMG{Js13==PIKMO{1l,J)

GD 70O 203

U4 ALJT=ENDD?{ 13%YDISTCL I, V+PIDISOLI, )
. AJIT=ENODI{ J¥%YDISTN{ I, JI+PIDISO{J,»1I)
pPIIDSN= —ENDDG(J3ZYDISTR(L, J3~-AJIT
P1JDSO= ~ENODOL E)*YDISTLIL, N-ALJT
PIDISO({ L, 0 =({14HDISTOU 1,32 /21 %P 11DSL+ ({1—HDISTO(I,3))/72) %
+P1JDSQ . .
PIDISOC s II=(( I+HDISTO{I,J) +/2) %P LIDS0+ ((1-HDISTU(I,J ¥}/ 2)%
+PLIDSO
C
C
203 CONTINUE
202 CONTINUE
GO TD 9GO0 .
85,1 READ[{ I+85,21(ENDDAL{T ), 1=1+NRDW?}
4 FORMAT{ 213)
161 READ{ 1o 4 3NSLNOD, NNODR S
NODV A 1=NSLNOD=-1
NODVA 2= NNOD WS +NNDDSV
NODVA 3= {NSL NGD*({ NSLNDD=1} /2) : :
NODVA4=(($5LNDD-1;#NSLNDD/E;+N5LNGD#NNUDws+NNUDSV
ENODAL{ 11=D oL ot
ENODBE[ 11=0 &0
CALL SWITCH
8502 FORﬁArzeFla.s:
DO 206 1=1. NROW
DO 236 J=1, ITOTND
p’,KMAL: IIJ,=G'I‘ .
PIKMBEL {,J1=D.0
PIDISA{ 1,J)=0 a0
PIDISHB{ I.J)=0.0

206 CONT INJUE
[F{ITYPTR «EQ.01G0 TC 8504 .
GD TO 8503
8504 DO B50S5 I =14NROW
D0 B505 J=1,i{TOTND
IF{J.LE=I)IGD TD 85G5
IBR=IBRTYP( I+J}
GO TOI{B5:5, BS:5, 8506, B506, 8557, 85150, IBR
8506 READ( 1,852 )AIKMAL :
ATKMI [+ J3=A IKMAL
PIKMALZL T+l )=AIKM{ 15 J3-YLUMPA{ 1, J)*¥TENCGDAL{I)-ENODALJ}]
PIikKMALL J.[3 =-PIKMAL( E,J) '
PIKMBE(L 1+J) =PIKMAL{T1;J)
PIKMBE(J,|1)}==PIKMBE{IsJ)
GO TO B5%5
8507 READ( 1, 850 2)AIKMAL
ATKMI 1o J9=A IKMAL

ALKM{ Js 10 = ~AIKM{1,4J}
PICISAL {+JI=AIKM(J, [?=YDISTA{I,JP*ENODAL( J?
PlD[SA(J-I):A[KM(l-J)”YD!STA{I;J)*ENDD&L(I‘
PIDISBI I.J)=PIDISAL1,J)}
PIDISSB{Jy1+=PIDISA{J,»I}

8505 CONTINJUE
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IV 260N~-FD-479 3-B : MA INPGM DATE 11712784 TIME
C
B503. DD 204 ITIME=IDELT.ITMAX,IDELT
CALlL SWITCH
DO 205 I=2. NROW
C .THE FOLLDNING TWD STATEMENTS APPLY EXCLUSIVELY FOR STE? INPUT
C AND *C' IN COLsls OF THOSE SHOULD BE OMITTED WHILE DEALING WITH
C STEP INPUT.BUT SIMILAR STATEMENTS AS FOLLOWS FOR 3~ PHASE
C SINUSOIDAL INPUT SHOULD BE MADE INEFFECTIVE BY PUTTING *C*IN CDL.1
C ENODEA{ I11=ENODAL{ I)
C WRITE(3+3)VITIME, I,ENDDEA(IY ,
C THE FOLLOWING 4 CONSECUTIVE STATEMENTS APPLY EXCLUSIVELY TO
C 3-PHASE SINUSQOIDAL INPUT.
C
c
ENODEA{ [)=0 «B164965%ENODALL 1)
ENODEB{ I )=-0.40824B2%ENODAL{I)+0.7C71067+«ENODBE {1
ENDDECI I1=-(C o a0 B82482¥ENODALI{I1- 0, 7071 06 7T*ENODBE { I
WRITE(3,3)YITIME, I+ENODEA(]},ENODES(I) .ENODEC(I}
DD 205 J=1\, ITOTND
IF(J.NE.1)G0O TD 1158
GO TO 1105
élua IF{J.LE.I)GO TO 205
c
1109 IBR=IBRYYP[ L[, J)
: GO TO{205,205,i06,107,108,2054, IBR
106 AIJTA=PIKMALL E+J 34YLUMPA( 1, J)%{ ENOCDAL(I)-~ENGDALLJI)
PIKMALI1,J3= PIKMAL[1.09+2%YLUMPALTI, )3 (ENDDAL(I!—ENUDAL(J)}
PIKMALL J, 1) —PIKHAL(I J}
AIJTB=P IKMBE( I -JO+YLUMPA([.J)*(ENDDB E(L)-ENDDBE (J))
PIKMBED I, JI=PIKMBE] I, J }42%YLUMPA{ Y, I %=1 ENODBE {1 )-ENCDBE {J)
PIKMBE{ J, [)=-PIKMBE{IL, J}
C .
C.
GO TG 205
1077 AIJTA= PIKHAL(l-JI+YLUMPA(I'J)#(ENDDALIIJ-ENDDAL(Jil
PIKMAL( Ly Jd=-PIKMAL{I, J3-2%YLUMPAIL ,J4% (ENODDAL(I }-ENGDAL[J)}
PIKMAL{Js T ) ==PIKMAL{I+J}
AlJTB=P IKMBEl L+ J¥4+YLUMPA( I, J 1% ENDDBE{IY-ENDDBE{J))
PIKMBEL 1+ J)=-PIKMBE{1,J)-2*%YLUMPA(I »J)% {ENODBE(I)-—ENQDBE( J))
PIKMBE[ Js IV =—PIKMBE( I, )
C
GO TD 245 .
108 ALIJTA=ENDODALI I32YDISTALI»JI4+PIDISALL .. 0)
AJITA=ENODALLJd%*YDISTA{I,J)+PIDISA(JI,1)
PIIDSH= ~ENDOAL{JIXYDISTAITI ,J1—-AJITA
- P1JDSO= ~ENDDAL UL M*YDISTA[I »J¥~A1JTA
PIDISA[ L. JV={{t+HDISTA(I,J)¥/2)*PLIDSO+ [(1-HDISTA(L.JV 472 ¥
+PI1JDSO :
PIDISAL Jo I d=((14+HDISTALTI,J3 1 /24%P JDS 4 ({1—HDISTA({I,J¥ 1723 %
+P1IDSO
ALJTB=ENDDBE[ IV*YDISTA(I,JV+PIDISB{I+J)
AJITB=ENODBE{JI*YDISTAL I, JI+PIDISBI{ J, 1}
PIIDSCO= ~ENODBE{ JI¥ZYDISTAIIl JI—-AJITH
PLJDSG= -ENDDBE(I Y*YDISTA(L s J}—-AI JTB
PiD[SB(I.J)=((1+HDISTA(IoJJJ/Z)*PIIDSG+ L{I-HDISTA{ I, J3¥ 72 %
+P1JDSS
PIDISB(Je I)={{14HDISTAII,J)}/2) %P1 JDSO+{(1~HDISTA{I ,J}) /21 %PI1DS!
C
245 CONTINUE
24 CONTINUE
GD TD 90469
165 STOP

A-4
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SUBROUT INE L THNMOD

. COMMON NRO#® 4NNODSVs ITGTND. IDELT, ITMAX.ITIME ,IBRTYP(25.25)

+/LGHTNG/ - PIKMO (25, 25) s PIDISO( 25,251 4ENDDC (25 ), YLUMP) {25,25)
SYDISTO( 25, 25) +HDISTO( 255 251 s NOD VR 1 s NUDVR2

COMMON ALENG

DIMENSION PRAMET{31,NUMSTK(25) ,TOTI(25),STOREY(25,287)
ELSTRKIATIMEI=1,0166702%( EXP{-0+D141936%ATIME }J-EXP(~6.0C730103 2
FAT IME ) ) - :

ELITNI(ATIME 1= 1D 16670 2% [EXP{~. 01 4193 6% AT IME )} )

IF{IT IME.NE .0)GO TD 100 *
READ( 1+ 24 {NUMSTK{ IV s I=1+NNODSV)
READI Ly 1) NDATCD

D0 200 1=2, ITOTND
DO 200 J=1« ITOTND
YLUMPO (1,03 =0.0
YDISTO(I,J3)=DeD
HDISTO( [»Jd)=0.0
IBRTYP(1+J03=1

DO 201 [=1.,NDATCD
READ( 1, 1}ITY

PBR s NODEK s NODEM, ZBASE » (PRAMET (J) o =1, 3]

FORMAT(3[2, 4E1U6)

IBRTYP{NODEK, NODEM) =ITYPBR

IBRTYP(NODEM, NODEK) =I TYPBR ;

GO TO (2D14151+102,173,1064,150),ITYPBR

YLUMPO{ NODEK,NODEMI={ L/PRAMET(1)})}*ZBASE+YLUMPO(NODEK,NODEM)
YLUMP( ( NODE M, NODEK ) =YL UMP 0 (NODE K » NGODE M3

GO TG 201
YLUMPO (NODEK.NODEM) =( IDELT/( ?RAMETII3#23l*ZBASE+YLUMPG(NGDEK.
+NGDEM )

YLUMPO [ NODE My NODEK ) =YL UMP 0 { NODEK o NODE M)

GO TO 201 .

YLUMPO (NDJEK«NODEMI=( 2%PRAMETI1 3% ZBASE) /IDELT#YLUMPG[NODZK ,NDDEM)
YLUMPD ( NODEM, NODEK § =YL UMP 8 { NODEK + NODE M)

GO To 201

YDISTC (NGDEKs NODEMI={ 1 /(( SQRT{PRAMET{ 21/ PRAMET (311 3+ {(PRAMET(1 4%
+ALENG )/ 4) ) ) *Z BASE | [

YDISTD ( NODEM,NODEK) =YDISTO(NODEK+NODEM)

HD ISTG { NODEK, NODEM) = ((l/YDISTI(NDDEK.NDDEMI!—(PRAMET([)#ALENGI/(a#
+ZBASE$)/((1/YDISTO{NDDEK,NODEM) )+ (PRAMET(1)*ALENG )/ (4%ZBASE))

HD ISTG ( NDDE M+ NODEK # =HD I STC(NODEK s NODE M)

G0 TO 201 .

YLUMPD (NODE K+ NODEMY =12C0. (0 ;

YLUMPD L NODE M, NODEK ) =15G00. 00 -

CONTINUE |

L DCVAR=NROW -1

LOCCV={NROW*(NRGW=1})/2

DD 202 IPIVOVT=1,NRD¥

ISUMPD=C

IDIFF=1PIVOT=-1
IDIFF 1= IDIFF=-1

IF (IDIFF11ICS5,105,176

DO 203 LL =1.IDIFF1
ISUMPD=ISJUMPO+LL
INDEX=IDIFF*_OCVAR- ISUMPD
IF (IPIVOTLNE.13¥GGC TD 107
DO 212 I1=2, NROW
DUMSTR=YLUMPG(Is 1}

DO 234 J=2+ ITGTND

IF (J«EQe1)GD TO 108

IF (JGT.NROWIGDH TO 149
ICOL1=INDEX #J-IPIVOT

GO 7O 110

ICOL1=LO0OCCY +J~-NRDW
STOREY[ 1-1, ICOL1)==-Y_UMPD[1,J}

GO TO 111

1 COL2= INDEX ¢J-1P1VOT

GO TO 204

DUMST F=DJMSTR4YLUMPT( 1, J)+YDISTL{1,J)



i

W m i i b e b e o i v

A-6

LV 360N-F0O-479 3-8 <« LTNMOD » : DATE . . ll1/12784 - TIME
204 CONTINUE
212 STOREY{ I-1s ICGL2)=DUMSTR
C .
C
INDXPR=INDEX
GO TO 202 '
1z DD 235 J=2, ITOTND
IF{J-1IPIVOY 1205, 205,122
122 IF{J.GT «sNROW)GD TO 12
ICCLI=INDEX +3-1IPIVOT
ICOLPR= INDXPR+J-(IPIVOT—-1)
GO TO 113
112 ICOLL=L0OCCY +}~NROW
ICOLPR=LOCCV#JI-NREDW
113 - ICOLPV=INDXPR+1
STOREY(IPIVOT -1, ICOLY ¥=STOREY{IPIVOT—1,iCOLPR}/STGREY{IPIVOT-1,
+ICOLPVY
C
C
205 CONTINUE
DO 206 (=2, NROW
IF[I.EQ.IPIVOTIGD T '206
DO 206 J=2, ITOTND
] IF{J-IPIVOT 12064 206:115
115 IF{J«GT «NRO¥)GO TD 116
: ICOLI=INDEX+J-IPIVOT
ICOLPR=INDXPR+J-{ IPIVOT-1)
GO TD 117
1156 ICCL1=LOCCV+J-NROW
ICOLPR=1ICOL 1
L7 ICOLPV=INDXPR+1
STOREYI( I- l-ICOLll—STDREY([—l.lCDLDFi-STDREYIl-l,ICDLPV)*:TDREY
+H{ IPIVOT—-1,1C0OL1)
C
C i
236 CONTINUE
INDXPR=INDEX
202 CONTINUE
C
2 FORMAT({ IDI2)
DO 207 I=1, NNODSV
207 NUMSTK( I y=NUMSTK{ IV-1
© RETURN
168 - DO 208 I=1,NNODSYV
KI =NROW+I
LT IME=ITIME
TESTSW=0 4. -
1204 IF({ZTIME25.0730104)+LT»160.0)60 TO 1281
IF({ZTIME®* 01419361 .LTL162.01G6G0 TD 1242
GO TQ 1207
1201 ENODD (K II=[ELSTRK{ZTIMEI1%*1.7320508%1.,4142135
IFIENODO{KI )olL T el aE-20)ENDD2{KI =4l
C
C
GO TD 1256
1202 ENDODODIKII=(ELITNIZTIME) 4% 1.7320500%1,4142135
IF(ENODDIKI 1L Ts1laE—- ZL!ENDDﬂ.KI)—f-u
C
GO TO 12006
1237 ENDDO{KII=0 o0
C
c -
1206 IFITESTSW.EQ.1.01G0 TO 1205
C
IF (ITIME.GELSGLIGO TO 118
G0 TQ 298 )
118 IFINUMSTK{IL 1.EQ.0YG0 TO 208
ZTIME=ITIME~SGD -
TESTSwW=1.0
ESTORE=ENDDS{KI)
C
C
G0 TO 1204
12005 ENODGIKII=ENDDX{KI}+ESTORE
C
. NUMSTK{ I=NUMSTK[ [¥4~1
238 CONT INUVE

DO 209 1=2:NROW

|
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{0y=D
D0 209 J=
L=

X -

275

T0T71 « ‘
1 ¢ NROW :
TOTI OT I '*PIDISO(!.J)“PIKMO(I-JI

DO 210 IPIVDT=1, NROW

ISUMP D=0 S : o
IDIFF=IPIVOT~] -
IDIFFt=IDIFF-1 I
IF{IDIFF11119,119,120

DO 211 LL=1,IDIFF1

I1SUMPD= ISUMPD +LL

INDEX=IDIFF%_LOCVYAR- 1 SUMPD

IF{ IPIVOT.EQ.11G0 TO 121

1COLPV=INDXPR +1

TOTI{IPIVOT )=TOTIC(IPIVOT)I/STOREY(IPIVOT-1,1COLPV)

DO 299 1I=2,.,NROW
IF {l1.EQ.IPIVOTIGO TO 299

TDT[(I!‘TDTI(II—STDREYII l-ICDLPVD#TOTI(lPIVDTl

CONTINUE
INDXPR=INDEX
CONTINUE

DO 275 I=2. NROW
ENCDGLIN=TOTI{I?}

DO 275 J=1+ NNGDSV

KK I=J +NROW

ICOLI=LOCCV +J

ENODS (I =ENCDU{ I ¥-STOREY({I~1,iCOL | ¥ ¥ENCDC {KK1 )

CONTINUE
RETURN
END




A.l.2. SUBROUTINE ON SWITCHING TRANSIENTS
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'sTalalzinla

200

1¢1

162

103

1G4

105

4111

201

109
233
1ce

5

SUBROUT INE SwI1TCH

COMMOM NROW NNDODSV, I1TOTND, IDELT, 1 TMAXITIME A IBRT YPLI25,25) /SHCHNG/
+P1KMAL(25-25).PIKM3E(25 25} ,PIDISA{25,25) ,PIDISB{ 25 .25) 44DISTA{ 25,
+25l.YLUMPAI25.25!.YDISTA(25. SI-EﬂDDAL(Zb)-ENUDBz(253-NNDDWS.
+NSLNGDs NODV Al s NODVA 2, NODVAS3, NOD VA4 s AT KM (254254 //ALENG

DIMENS ION STYFAL(ZO-275\.5TYSAL(3.193).YIMAGEIZV.S).ICLDSE(3 21,
+SHREFLIS.0|.STYVAL(3.5),[5HMDD(3.5-9Ia TOTIALL25),TOTIBE
+(25)+ PRAMET (32,4 ISWSTP{ 2}, 1SWCHI 3.,3) :

iF INPUT IS SINE WAVE WITH l.. PsUs PEAK VALUE FOLLOWING TwO
STATEMENTS APPLY « '

EALPHA[ZT IME)=1.22474487T4«SIN(ZTIME?

EBETA{ZTIME )==1.224744B7%COS(ZTIME)

THE FOLLDWENG TWO STATEMENTS APPLY FOR COSINE WAVE INPUT WITH 1.2
P.U. R.M.S.VALUE. ) .
EALPHA{ZTIME=1.732C5C8%¥C0OS(ZTIME)
EBETA{ZTIMZI 1= 1.7320508%SINIZTIVEY

IF{IT IME.NE -0 }GO TO 11O

READ{ 114 NDATCD

DO 200 1I=1, ITOTND

DO 202+ J=1, ITOTND

YLUMPA{1,3)=0.0

YDISTA{ L+J¢=0L .0

HDISTA( L« J) =3 02

IBRTYPLI,J3=1

DO 212 I=1, NNODWS

DO 212 J=1.NODVAZ

ISKMODT Tede 13=D

ISKMOD[ 1,4, 2)=0

DO 201 I=1.NDATCD

READI 1 13IT YP3R s NODEK sy NODEM ., ZBASE S {PRAMETL J) 3 I= 14 3 - 1ISKSTRILI,
+H=1,2) -

IBRTYP{NCDEK,NODEM)=I TYP3P

ISRTYP{NODEM, NODEK =1 TYP3E

GO TO (221.101,102,103,104,105) ,1TYPBF

YLUMPA(NODE K, NODEM) =Z3ASE/PRAMET( 1} +YLUMPA{NGDE K, NODEM)
YLUMPA[NODEM, NODEK ) =YL UMP A(NODEK » NODE M)

GO TO 221
YLUMPAINGCDEK,NODEMI=IDELT/[2%*PRAMET(L)}*[1/ZBASE)) +YLUMPA[NDDEK,
+NDDEM )

YLUMP A(CNCDEM, NODEK ) =YLUMPA { NODE K » NGDE ¥}
GO TO 251 |
YLUMPA{ NODZK, NDDEH!‘(E*P?AMET(I!J/([DELT*(l/ZBAS:))+YLUMPAlNDDEK.
+NODEM # '
YLUMP A{ NGDE M, NDDEKleLUMPAtNUDEK.NDDEMD
GO TO 201
YDlSTA!NODEK.NDDEM)-I/((SQRT(PRAMET(9!/PPAM:T(3Ill+(PPAMETlli#
+ALENG D/ 4)

YDISTA{NODEK.NDODEMY =y DI STAINODEK 4 NODEMI*Z3ASE . ‘
ZLENG=ALENG/ZBASE ,
YDlSTA(NDDEM.NODEKD—YDISTA(NDDEK.NBDEMD

HDIST A{ NBDE Ky NODEMI={{ 1/YDISTAI NODEK, NDDE%)I—(PRAMET{li#ZLENG!/Q!
+/((l/YDISTA(NDDEK.NODEM)I+[PRAMtT(li#ZLENGllaJ

HDISTA(NODEM, NODEK)=RDISTA[NDDEK , NODE M)

GC TC 241
YLUMPA{NQDEK. NODEM) =% o &
YLUMP Al NDDEM,NODEK I=0,.0
K=NUODEK-MNSL NDOD

M=NOD EM—NS_NGD
ISWMODI[K M 10=ISWSTPL 12
ISWMODIK,M, 2)Y=ISWSTP( 2}

IF (MJLE.NNCDWSHIGD TC 4alil
GO TO 2¢1

ISWMOD(M,K, L¥I=ISWSTP( 1) |
ISWMODI{ MK, 2}=ISWSTP{ 2) I
CONTINUE I
L OCVAR=NROW~1 l

LDCCV—(NSLNGD*(NSLNDD-I))/2+NSLNOD*NMGDW
LOCVR=NSLNDBD-1

DO 202 IPIVOT=1.NSLNGD
ISUMP D={2

IDIFF=IPIVQOT-1
IDIFFLI=IDIFF-1
IFLIDIFF111uB, 188,179

DO 203 LL=1.IDIFF1
ISUMPD=ISUMPD+LL

INDEX 2= ID1IFF*LOCVR-ISUMPD
INDEX 1= IDIFF*LOCVAR-ISUM2D
IFLIPIVOT «NEa1)GE TGO 110
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o
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Ly

114
204

235
206

119
118

119

T123
124
209

121

125

210 -

208

DO 206 I1=2, NROW
DUMSTR=YLUMPA{ I, 1}

IF{I1.GT «NSLNOD*GD TO 115

DO 204 J=2. {TOTND

IF (J.EG.I¥G0D TO 111

IF (J.GTNRGWIGD TO 112
ICOLI=INDEX 1¢4-1PIVOT

G0 TO 113

LICOLLI=LOCCV +J-NROW

STYFAL{I~1, ICOLL1)==YLUMPA([lsJ)
GO TO I14a

ICOL2=INDEX 1+J-IPIVOT

GO TO 204

DUMST R=DUMS TR+YLUMPAIL I, J¥+YDISTAL1l ,)
CONTINUE
STYFALI I-1, ICOL2)Y=DUMSTR

GO TO 206

II=1I-NSLNDD

DO 2635 J=2, NSLNDD

ICOL1I=INDEX 2+4J-IPIVOT
STYSAL{IL.I1COL1Y¥=-YLUMPA{L,J}
CONTINUE

CONTINUE

INDXP 1= INDEX1

INDXP 2= INDE X2

GO TO 202

DO 207 J=2s ITOUTND
IF(JU-1IP IVDT 32074 207,118
IF(J.GT .NROWIGD TOD 119
ICOLAI=INDEX 1+J-1IPIVDT
ICOLPR=INDXPL #J=(IPIVOT—1)

GO TO 122

ICOL1=L0DCCV +J~-NRDOW
1COLPR=ICOL1

ICOLPV=INDXP1 +1 :
STYFALUIPIVOT~1,ICDL1}=STYFAL{IPIVOT-1,ICOLPRI/STYFALIIPIVOT~1,

+1LCOLP V)

CONTINUE
DD 208 (=2, NROW
IF{l+EQ-IPIVOTIGO TO 2¢8
IF{1+GT «NSLNODIGO TO 121
DO 209 J=2, ITOTND
IF{ J=-IPIVOT 1259, 279,122
IF{ J.GT .NROW)GO TD 123
ICGLLI=INDEX {+J=IPIVDT
ICOLPR=INDXP1+J~{L IPIVOT-1)
GO TO 124
ICOL1=LOCCY +J-NROW
ICOLPR=ICOL 1
ICOLPV=INDXP1+1
STYFAL(I~1, TICOLL)=5YYFAL[I-1,ICOLPR)-STYFALI{I—1 .1 COLPV)25TYFAL

+(IPIVOT~-1,1COL1)

+

CONTINUE

GO TO 288

II=1-NSLNDD
ICOLPV=INDXP2+1

DO 210 J=2, NSLNDD
IF{J-IPIVOT 210,210,125
ICOLI=INDEX 2+J~-IP VDT
ICOLPR=INDXP2+J={ IPIVOT-1})
ICOL2=INDEX 1+J—~1IPIVOT
STYSALIII.ICOL1)=STYSAL{II,ICOLPR)I=-STYSAL{II ,ICOLPVI*STYFAL{IPIVOT
-1, ICOL 2%

CONTINVE

CONTINUE

INDXP 1= INDE X1
INDXP2=INDEX2

CONTINUE

MINDEX=INDEX]

DO 211 I=1+NNODKS
KI=I+NSLNOD
SWREFLII,1)=YLUMPAIKI, ]?
DO 211 J=2, ITOTND
ICOLMJI=J~-NSLNDD

IF{ ICOLMJ )211,211,127
IF(J.EQ.K13GD TD 211
SWREFLII.ICOLMJs==YLUMPAIKI, J:}
FORMATI 312+ 4EL1D.6,214)
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. .
511 SWREFL{I+I}=SWREFLL I+ 1)4YLUMPACKIE »J3+YDISTA(KI s )
C . RETURN
166 IPIVOT=NSLNOD

DO 231 I=2sNSLNOD
JK=NSLNOD+1
DG 231 -J3=JK+ITOTND
IF({J.GT «NROWIGOD TO 153
ICOL1=MINDEX+Ji~IPIVOT
GO TO 150
132 ICOLLI=LOCCV +J=-NRDOW
150 J3=J-NSLNOD
: YIMAGE( I-1s JJV=STYFALI{I-1.,1ICOLL)
231 CONTINUE
DO 73350 IROW=1.NNODWS
DO 7000 JCOL=1.NODVAZ2
706D STYVAL{ IRON »JCOLY=SWREFL(IRDW®,JCODL}
DD 213 [=1,NNODSV
KI=NROwW+{
NYTIME=ITIME<~IDELT

C FOR 60 CYCLES PER SECOND INPUT FOLLOWING STATEMENT SHALL BE MADE
. C EFFECTIVE.OTHERKN [SE NEXT STATEMENT FOR 50 CePeSs IS EFFECTIVE.
I C XTIME= 37E¢99111&4(NTIME%],E-06) /642831853 .
P XTIME=3 144159264 I{NTIME*1.E-06)/6.,2831853
! LT IME=XTIME . ,
g YT IME=XTIME—-LTIME : |
i ZTIME=YTIME*6 .2831853 |
S IF THE INPUT BE A STEP INPUT TO & 1~-PHASE SYSTEM FOLLGWING PAIR OF
P ¢ STATEMENTS APPLY.DTHERWISE FOR 3-PHASE SINUSOIDAL LNPUT NEXT PAIR
C IS EFFECTIVE.
C ENODAL (K1 #=1.0
C ENODBEIKII= 1.0
C
C
C

ENQDALIKI)I=EALPHA{ZTIME)
ENODBE{KII=EBETA(ZT IME)
213 CONT INUE
DO 214 I=2, NROW
TOTIAL{ I)=0 D
TOTIBE(131=0 0
DO 214 J4=1. ITOTND
TOTIALLI)=TOTIAL(I}—-PIDI
TOTIBEL [)=TOTIBE{ 1}-PIDI
214 CONT INUE
: ISTEP=( ITIME/ IDELT
. DO 6002 IDO=1,NNODWS
. DO 6002 JDO=1,NNGDSYV
6002 ICLOSE( IDD, JDO)=0 . ‘
DO 8D 322 IDO=1,.NNODWS -
DO B033 JDS=]:NNDDWS .
BO33 ISWCH(IDD»JDSI=D ;
8:32 CONTINUE :

13 J3~PIKMALI{I,2)
I+ IV-PIKMBE(I » 3}

DO 215 1I=1NNDDWS

IJM00D=0 )

DG 215 J= 1. NODVAZ2

IFLISWMOD{I+J+1)EQ.D¥GO TO 2150
IFLISWMODI I+ 4 L) aLESISTEP I IMBD =]

IFLISWMODL L +J e 2) eNEwD s AND o+ ISWMODI I e J,2) «LE-ISTEPI [ IMOD="
IF{IJMODEQa13G0 TO 600D

ialaly!

IF{J.GT .NNODES)IGO TOD 6001
ISWCHI [ed¥=0 :
ISWCH{ 3, 1[2=0
GO TO 215:

ED0 1 JACT= J~NNDODWS
ICLOSE{I,JACT =0}

GO TO 2152

600C¢ STYVAL{I,J)=—=1000.00
STYVALL I+ 12 =STYVALL{I,I?+Y1000H 006
IF{J«GT {NNODKSIGO TO 66713
STYVAL{ J,1)}=-1000L,00
STYVAL(J» JI=STYVALL Js Jd+1G0OD 010
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3
ISWCHI{ I.J)
ISWCHL{ Js I}
GD TO 2152

€003  JACT=J~NND
ICLOSE(I.J

2154 1 JM00 =0

215 CONTINUE
KPIVOT=NSLNUOD#1
DD 219 IPIVOT=1.NROW
ISUMPD=C
IDIFF=IPIVOT~1
IDIFF1=IDIFF=-1
IF{IDIFF131133,133,124

134 DO 220 LL=1,IDILFF1

220 ISUMPD=ISUMPD+LL

1337 [NDEXI”IDIFF*LDCVAP*ISUMDD
INDEX 2= IDIFF¥LOCVE~ [SUMPD
IF(1IPIVOT.EQa1}¥G0 TGO 125
IF(IPIVOT -GE.KPIVOTIGO T3 136
ICOLPV=INDXP1+1
ICOLPV=INDXPLl +1
TOTIAL( IPIVOT=TOTIAL
TOTISE{ IPIVOTr )=TGTIBE

: GO .TO0 137

; 135 . INDXP1=INDEXI1

. INDXP 2= INDEX2Z2

VOTI/STYFAL{IPIVOT-! ,1COLPVY

{1P1
{IPIVOTI/7STYFAL{IPIVOT-1,ICOLPV)

: GO TO 219
136 ISW=IPIVOT-NSLNOD
C
JP=I5wW+1

DO 221 J=JP.NODVAZ2
IFISTYVALIISH » J1abtTalaE-7SISTYVALIISH 4J3=0LD
STYVAL(ISH.Ji—STYVAL(ISW-J)/STYVAL(ISW.[SWO
IF{STYVALIISW s elT a1l E=7S)ISTYVAL{ISWsJI=Ul
21 CONTINUE

TOTIAL(IRPIVOT +=TOTIAL{IPIVOTI/STYVAL(LISW,1I5W?
TOTIBE:IPIVDTI TOTIBE{IPIVOT»/STYVAL{ISW, ISuW?
IF(TOTIAL(IPIVOT )l T leE-753TOTIALLIPIVOTIZN.G
IF{TOTIBE( IPIVOT )L TalsE~7S)ITOTIBE(IPIVOTI=S 0
G0 TO 138

137 DG 222 1I=2.NROW
IF({ 1aEGQ .12 IVOTIGO TO 222 S _
IF{].GT «NSLNOD) GO TO 139 : :

TOTIALI1)=TOTIAL(IVY~STYFAL{I-1»ICOLPVI*TOTIAL(IPI VDT
TOTIBE( I3=TCTIBE{ [)=-STYFAL(I-1, ICOLPVI*TOTIBE (IPIL VOT?
- GO YO 222 | ‘

139 KSW=I-=NS5LNOD N |
: ICOLP=1INDXP 2+1 .
143 DO 223 J=1.NODVAZ2
IFLJ«GT «NNDDWS)GO TO 145
ICOL I=INDEX 1+ J+NSLNQOD~-IPIVOT
G0 TO 146
145 "1COLI=LOCCV +J+NSLNDD-NROW
IF(STYVALIKSW, J $al TalaE-75ESTYVAL (KSKy =041
145 STYVAL {KS# s JI=STYVALIKSW,J}~ STYSAL{KSW,ICOLP) ¥ STYFAL{IPIVOT
+=1.ICOL I
IF (STYVAL{KSWiJ) sl TaleE~75)STYVAL{KSW, J) =742
223 CONT INUE
TOTIALY IN=TOTIAL({IV)— STYSAL(KSW.TCOLP) *TGOTI
. TOTIBE(1)=TOTIBE(I)- STYSALI(KSW,ICOLP) *TOTIBE
222 CUNT INUE
INDXP 1= INDEXI1
INDXP 2=INDE X2
GO TO 219
138 DG 227 I=2Z+NROW
IF(I.EQ.IP1VOT)IGO TO 227
IF(L.LENSLNODIGO TO 154
ISW=i-NSLNDD

JC=1IP IVOT-NSLNOD
JI=JCH#1
DO 232 J=JI..NODVAZ

IFISTYVALIJC, J3alTa laE~75)STYVALL{ JC s di=10ut,
IFISTYVALLISW s JC Vol T 1aE-75)STYVALLISWK, JC )=
IF{STYVALI{ISW+JdalT o 1eE-7SISTYVAL(ISW,J0=.0

232 STYVALL ISaE» JI=SSTYVAL( ISW, JI-STYVALIISH: JCYXSTYVAL {JCsJ)
TOTIALCIS=TOTIAL(LY-STYVALIISW,JCHI*TOTIAL(LPIVGT)
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TOTIBE( IY=TOTIBE(L}~-STYVALLISW, JC3*TOTIBE(IPIVOT)
: GO TO 227
154 JC=1P IVOT-NSLNUGD
JI=JC+1
DO 233 J=31.NODVA?2

IF(STYVAL(JC.J!-LT-l.EW75DSTYVAL(JC:Ji=C-G

233 YIMAGE{ I— 14 J)=YIMAGE{ I=1sJ)=YIMAGEL{ I~ 1,JCI*5TYVAL{ JC,Jl
TDTIAL(Ii=TOTl&L(IJ-Y[MAGE([—I-JCi#TDTIAL[IP[VDTl
TOTIBE( I)=TOTIBE(I)~Y IMAGEIL1—~1, JC)*TOTIBE(IPIVOT)

227  CONTINUE

219  CONTINUE

C VOLTAGE SOLUTIONS
DO 234 I=2.NROW .
ENODAL{ [3=TOTIAL(1)
ENODBE( {)= TOTIBEL(1)
IF{1.GT «NSLNOD)GO TD 155
DO 235 J=1, NNUDSV
KK I=J+NNDDWS .
KI=J+NROW
ENODAL( 1)=ENCDAL( 1)~

235  ENODBE( 1)=ENDDBE( I}~
GO TOo 234

155 ISW=I-NSLNOD

-,

YIMAGE{ I-1,KKI)}*ENCUDAL(K
~Y IMAGE{ I— 1, KKI J*ENODBE{K

GO TO 15%&
165 - DO 236 J=1, NNOD5SV
. KKI=J+NKNODWS '
K1=J+NRO®
ENODDALL [)=ENDDAL{ I 3~STYVAL{ISW.KKII*ENODAL{KI)
236 ENODBE( IM=ENODBE( I3-STYVAL{ ISwW,KKI ¥xENODEBE [KI)
GO TO 2324 ’
156 DO 237 J5&= 1. NNCDSV .
IF(ICLDSE( ISWH,»JSWl.EQ. 1150 TC 159
237 CONTINUE
GO TO len
159 IEQ= JSW +NROW
ENDDAL( 13=ENODAL(IZEQY -
ENODBE( I1)=ENODBE{ [EQ)
234 CONTINUE
DD B8RSZ ITR=1.NNODWS
RTR=ITR+N5SL NOD

DO 8050 LWS= 1,NNODWS
KES=L WS +NSLNCD
IF(ISWCHLITR,LWS) «EQ.11GD TO 8051 !
_ GO TD 8052 - -
8351 IF{ENODALIKTR ¥eNE+D o »OR.ENODBE(KTRI.NE.#4éi3? GO TO BUS2
ENGDAL(KTR I =ENODAL (KES? I
ENDDBE({ KT R) =ENODBE[ KW S) |
GO TO 8053 ‘ '
8552 ENDDALIKES 0=ENGDAL{KTR)
ENODBE{KWS) =ENDDBE(KTR)
8050 CONTINUE
RETURN
END




SAMPLE RESULTS ON
STUDY - V
PROVIDED BY COMPUTER
PROGRAM = A.l



TIME IN MICRO-SEC., VOLTAGE AT NODES IN

NODE NO. PHASE=~A

-

’

126 2 0. £ "e‘i"-r» ! : "

126 3 0.0 - q RO Wy VUL PP S T g fmclie

126 4 0. — §.._m._._

126 5 0. O SRS S : - t
126 6 0.0 S
126 7 . -
126 a8 0.0

126 9 0.0 SURLEFRETE
126 10 0.0 s
126 L 0.0 »

126 12 1414212226868 ~Ds707106232643

252 2 0. 530626058578 e~ 052653129695685 - 1‘“““I¥Wkﬂ
252 3 0.526609122753 *‘-0.26330453[5?4"- R e
252 4 0.0 0.0

252 S 0.0 0.0

252 - 6 0.0 ; o-.'o .

252 7 0.0 0D

252 B8 0.0 0.0

252 9 0.0 0.0

252 10 0.0 o %@'F 077

252 - 11 0.0 W [Ejlfq\} L

252 12 1.413104057312 —0.658084571362 ‘Do755019783974

378 2 0.987857997417 . =-0s475743412971 -0.512114346027 )

378 3 0.99265611!3223'-“::_'noQTBZBOIZTOQB’“ ’.72-0.514375805355"'7f-a

378 3 0.525203347206 - .. =0,262601613998" - - ~0.262601613998; v

378 S 0.0 ‘0s0 0.0

378 6 0.0 0.0 0.0

378 7 0.0 R Qe e “ D0 Ty
3zs 8 0.0 ’ - 0.0, S _ 0D R
378 9 0.0 0-0 o i D0

378 L.o-=11 1.058418273926" . - 0529209315777, . ~0.529209315777 Ca e
378 12 1.4097824309668 -0-608032166958 _nki-‘00801750361919. R L:;"
S04 2 1.461104393005 ~0+s678525567055 T R0.,782579243183 ' o
504 3 1.452311515808 ~0.67410230¢ 6366 ~0.,778209745B84

S04 4 0.990005552769 - ~0es877003037930: . =De5130D02276421 -

504 N 0.523801326752 . ‘0-261900503?71 ~D.2619006037 71 M

504 6 0.0 0.0 0.0

504 7 0.0 0.0 0.0

504 8 0.0 0.0 . Da0

504 9 0.0 0.0, ) 0.0

504 10 0.0 0.0 0.0 :

504 1l 1.970438003540 -0.94894540 3099 -1.021492958069

S04 t2 1-404252052307‘ _:.~0.557027161121 —0.847225248814I‘_

630 2 . 1915246963501 VﬂiP00855562855?34 ”[-l 059683799744 :
- 630 3 1 924726486206 - -0:86057?106475 —ls0641439028 3




630
630
630
630
€30
630
630
630
630
756
756
756
756
756
756
756
756
756
756
756
882
882
882
882
g8z
age2
882
882
882
882
egz
1008
1¢08
1008
1oos
1008
1C08
1008
1008
1008
1008
1008
1134
1134
134
134
1324
134
134
1 34
134
134
134
260
260
260
260

s et R e bt PR s bt et e

o ey P
NEOOONPNPWVN=OUONOUNPLNN~DCD~NO NS

——

ok g
NPURNN—DODNONEWUNN~OOD NN LY

8&ELLIT 22827
9657 68298
1.9901% 14917
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A.2. COMPUTER PROGRAM NO.2
PROGRAM TO COMPUTE CURRENTS AND VOLTAGES IN A
SYSTEM IN|STEADY STATE BY A LOAD: FLOW
| ' STUDY




A-12

LV 360N~-FO-479 3-8 MAINPGY DATF 117127384 TimMe 1

CCCC THIS PROGRAM PERFURMS A SIMPLE LOAD FLUW STUDY BY GAUSS SEIDEL

C ITERATION METHUD OM A SYSTEM TO CCMAPUTC ITS STEADY STATE NODAL
C VOLTAGES ARND CURRENTS FrROM NODE TC NGDE wHICH WILL BE USED AS

C INITIAL VALUES IN THE TRANSIONT STUDY.

C .
CCCC DIMENSION=-THIS  PROGPAM CAN HANDLE PRESENTLY A SYSTEM CONSISTING
C DF 10 BUSLS(NODESY.THIS CAN BE EXTLCNDED SIMPLY BY CHANGING THE

C DIMINSTIANS OF SUBSCRIPTED VARIABLES. .

C

CcCCccC [NPUT OATA REQUIREMENTS IN SEQUENCE.

1« Y NDATCD=NUABER OF BRANCHES (ELEMENTS) BCTWEEN TWU BUSSES

REQUIRING A RTECOGED TD PRIVIDE DATA ON ITSELF.,

le2« NBUS= NJIMBER OF BUSEZS OR NODES IN THE SYSTEM STARTING wWITH
SERIAL *17' BUT EXCLUDING DATUM NODE.

1+ 3ITRMAX=MAX [MUM NUMBER 0OF ITERATIOMS.

1 o4 s ACCLRN= ACCELRATION FACTCOR.

Ie5+.ALWDEV=TULERANCE VALUE TO TEST CONVEFGENCE,

CCC THE FOLLGWING DATA REQUIRE TC BE FUKNISHED CORRESFONDI NG TU UNE
BRANCH.5IMILAR ONE RECGRD FUOR EACH 0OF OTHER BRANCHES.,
21.1BRPTYP=900¢ JF ND BRANCH EXISTS BETWEEN A PAIK CF NODES.

2o 2+ELSE=YD 1",

2-3 *IP*AND®IQ* =PAJRS DF NODES BETWEEN WHICH A BRANCH C£XISTS.
A BRANCH SHOJLD BE SPECIFIED ONLY ONCE THAT IS5 THC CRDER'I Q- P*
NEED NOT SE MENTIONED IN ANOTHER RECORD.

Cebe ZIPIQ=IMPEDANCE IN 2,U.BETWEEN BUSES "IPfAND [0,

2+5 o ADCHRG=SHUNT CAPRPACITIVE ADMITTANCE FROM CACH OF THE 3SUSES
TIP*AND *IQ® TG DATUM [ THAT IS EGUAL TO HALF THE TOTAL
ADMTITTANCE OF THE LINE SECTION BETWEEN ®*IPY AND *1Q* TO DATJIM).

CCC THE LAST DATA SET CUYPRISES AS MAN£ FECORJS AS THE NUMBER OF
BUSES IS[=NBUSISTAITING FRGM BUS NO.1sa EACH BECORD NEEDRS FOLLOUW1NG
DATA ON THE COGRRESPINDING 8US5. E
2.1 IBSTYRP*=%01* [F THE 0OUS RE 4
ELSE="ut 27,
Je 24 EPTHAS 4=SPLECIF [FED VIOLTAGE IN RP.U, AT THE BUS.

LACK 5US.

iaXalalalakalaYalalakalalatakalatatatalalakalalizlnlnls!

3e3+"wVARY=NET REA. AND REACTIVE POWER FLUW INTGC CR OUT OF THE 8US.
DIMENSICH ITYPBS{ 13J.ITYDBD{14.103{ 1
COMPLEX CBJYS{103,BUSMVAL1U).AKLPII0) ,AYPQLP (10,101, YCHARS{10,1D),

*YBUST10,13) sAIPG{IOL10 )}, EPTHBS, WVAszqUS\" ZIPTO,EBUSPRsABUS s ADCHK G
+DELEDBS o VANMP | *
6600 READI 1+ 1523, END= 9001 lNDATCD.NBUSl[TRMAX.ACCLRN!ALWDEV
10C FORMAT{ 313, 2F10. 81 ,
DO 1100 1=1.NBUS
BUSMVA( I I=CHMPLXI 0 .0+0.G)
DO 1160C¢ JZI-NBUS
ZIMPLX{ Qe CuD) ‘ )

YCHARG{ 1. J
YEUS{ T+ JI=CMPLYX[(Ca0,0.0¢
11G92 ITYPBRI [»J¥=D
DG 2G0 D=1 ,NDATCD
FEAD(I’101}IQRTYP.[D,IG.ZIPID.ADCHRG
101 FCRMAT(312-4rlG.5)
I1TyPBr{ IP,IQI=IBRTYP

ITYPBR(IQ.IPInIBHTYP
YBUS{ IP,IQ}==1./2121C
YBUS{ 10, I[P} =YBUS! IP,1Q)
YCHARG( (P IQI=ADCHRG -
YCHARG( 1Q, IP)=ADCHRG
YCHARGL IP, 12)=YCHARG( 1P, IP}+YCHARG{IP,]Q
YCHARGI IR [Q}=YCHARGI IQ.IQI+YCHARG( IFP.IQ
200 CONT INUE
DO {1G1l1 [I=1,NBUS
READ{ 1» 1023 IBSTYP,EPTHOS, YVAR
G2 FORMATI{ I2,4Fi%.5}
ITYPAS( IV=18STYP
EBUS{ I +=EPTHSS
BUSMV AL I1=W VAR
BUSY=YCHARG{I 41}
DO 1102 J=1.NBUS
1162 BUSY=BUSY-YBU3{I,J)
YBUS( 1. 11=BUSY
VAMP=CGNJGI BUSMVALL))

110 1 AKLP{ I)= VAMD /7YBUS{ L. ¢

DT 1IN2Z2 I=1,.NBUS

DO 1103 J=1.,KNBUS

IFTIJ.EQ.1)GD TO 1103

AYPQLPI I J) =Y BUS{ 1, 3)/YBUSII,1)
1103 CONTINUE
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s 1187

C
C
1105
Polica

I 5C6G

- 3100)
spobe
31¢

311
1200

TR

A-20

MA INZGM

DD 1104 [TR=1, [TRMAX
DEV = Q.0
DI 1105 I=1,NBUS

ESUSPR=ERUS (1)

IF(ITYPBS(T1).EQ.Q0136G0 TG 1105
AJUS=CONJGL EBUS( L V)

EBUS(T)
DO 1107
IF{1]1 EGW1)GO TO

CONT INJUE
DELESS

=AKLP{ 1) /ABUS .
[1= 1« NBUS

1107
EDUST 1I1=ECUS{ [)—-AYPAQLPI L. I 11*FBUS({T1)

=EBUS ([ -(BUSPR

DATE 11/12/8a

EBUS{ [ 1=ERUSPR+ACCLRNZ{EBUS{ I1-EBUSPR}

DELAB3S=CA35{DELEBS)

IF{DELARS.LE.DEVIGU TU

DEV=DEL A8S5

CONT INUE
17
CONT [NUE
WRITE(3.500)
FDRMAT('I'SX"NG

FORMATE5X, ] 2, 2X,
VYRITE(24310 1
FORMATL{ 11T 2, 18U
+P.'/T 2142 IN P.U,.
GO 1290 I=1.,NBUS
LRITEL2.310045) 1,
DG 1202 J=1,.NBUS
IF{1TY2BRIIs I I.E
IFI 2 LELIVGD TO
AIPQ( 1sJ)=-(EBUS
WRITE{3.3111
FORMAT

CONTINUE

GO TO 6500

sTOP

END

{DEV.I_E. ALWDEV )

1165

CONVERGENCE®)
2iE14.8+s3X)

'T68,

G-l

1200

ZBUSl 1)

160 TC

[+J

!II—EdUS(J%;

}

G2 TO Q0N

o

[

‘+EBU¢(I,
X} 22 X42(5148,. 8,3X?

YCHARG{T 4 J

TIME

S CCDE*T20,'BUS=VOLTAGC*TE8,'BUS CCDE"TYI s "LINE
CFROM*T7?Z2,YTOYTS2s [N Pal)e? /Y

AM

b



A.

PROGRAM

3. COMPUTER PROGRAM NO. 3
TO LOCATE THE DATA POINTS IN A PLOT

OF VOLTAGE VvS. TIME IN MICRO SECONDS




IV 36IN-FD-479 3-8 MAIWoGM A -2 PRI Gs12s 84 Y @Me i

CCCC ™ THIS PROGHAM PLDTS LIGINING OR SWITCHING DVER—-VOLTAGES IN P.J.Vv35,
C TIME IN MICRD SECOND.

C

CCCC: DIMENSION-THE PROGRAM HAS A PROVISIDN 7O RPLUT 300 DATA POINIS

C WHICH IF NESDED CAN BE INCREASED SIMPLY DY NCFEAqING DIMFN:IUN
C OF THREE ARRAY VARTIABLLES ONLY Vl?.'VDLTPA(BOUI.VDLTPB(BUO

C *VOLTPCL3GO)",

C

CCCC THIS PROGIAM HAS A LIMITATION TD PLDT OVER-VOLTAGES DUE TO

LIGHTNING 5TROKE DR STEP INPUT IN EXCESS OF 4.0 P.U, WHILE THRECE
PHASE SWITCHING OVER-VOLTAGES IN EXCESS OF 3.0 P.U. THIS
LIMITATION CAN BE OVERCOME BY CHDOOSING SMALLER SCALLC. PRESENT
CHOICE IS D a2 PLULPER SMALLER DIVISION TQ GIVE PLOTS IN STANDARD
CONFIGURATIDON.

cCccC INPUT DATA REQUIREMENTS IN SEQUENCE.

C 1ST DATA SET ~-CIMMON FCR ANY TYPE OF PLOT. :
1+1."NODDE*=SERIAL NUMBER OF THE PARTICULAR NODE 1N THE SYSTEM
UNDER STUDY AT WHICH PLOT OF OVER-VOLTAGE IS DESIRED.
12"NDATA® =NUMBER OF ODOATA POINTS THAT IS OVER=VIOLTAGE
CORRESPONDING TD EACH TIME STEP (MICRO SCCOMDY.FGCGR LIGHTHNING CGF
STEP INPUT TIME SH3ULD BE RECKDOMED FRCM 1t MICAG SECOND aNOD THE
CORRESPUNDING DVER-VOLTAGE. IF NDT AVAILABLL THE CVER-VOLTAGE
AT 1 MICRD SECCND SHOULD OE GIVEN AS (Ge0 Pals
13 ITYPTR*=TYPE OF TRANSIENT.

=*0017 JF THREE PHASE SWITCHING TRANSIENT PLUT.
ELSE =*022* IF LIGHTNING OVER-VODLTAGE PLDOT.
= *003* IF STEP INPUT TD A SINGLE PHASE SYSTEM AND PLOT DF
CORRESPONDING DVER-VOLTAGES.
le4 o IDELT? =TIME STEP LENGTH 0K TIME INTERVAL{MICRO SECONDY TO BEC
USED IN THE PLOT.
1a5+" ITMAXY =MAX IMUM TIME(MICRD SECONDWUPTL WHICH PLOTTING DESIRED
1.6,*PUMAX®* =¥ AXIMUM VALUZ AMONG THE CVER-VDLTAGES IN PER UNIT{P.U.}

CCC  2ND AND LAST SET DF DATA REQUIRED EXCLUSIVELY FIR PLEOT OF
TRANS IENTS DJE TC LIGHTHING AND STEP INPUT.
2a0s (VOLTRPA{ 1), 1=1,NDATA) MEANS SPECIFTED NUMBER {(=NDATAD OF DATA
CN OGVER-VOLTAGES IN P.U. AT THE CODNCERNED NODE aAND TO BE FURN[SHE
AS 8 DATA SETY [ONE DATA 2ER SETY PER RECTRO. .

CCC 2ND A5 WELL AS LAST SET OF DATA EXCLUSIVELY FOR SWwITCHINS |
"TRANSIENT DUE TO THREE PHASE SINUSCIDAL INPUT {*ITYPTR*=tDG1*).,
2D (VOLTPALTISVOLTPB(I3, VOLTRPCUI?¥I=1,NDATAI~— HMZANS THAREE PHASE
OVER-VOLTAGES { "PHASE-AY, "PHASE-B* ,?'PHASE-CY) IN P.U. AT THE
CONCERNED NODE CORRESPONDING TO EACH TIME STEP AKND TO BE
FURNISHED AS TwDO SETS OF DATALEACH SET COMPRISES 23 DATA)»| PER
RECORD. TOT AL NUMBER OF DATA SET IS5 *NDATARY,

'alislalelalataYalalaslakalalalalalalalalalalaialaTatalalakalalalalalatakakakel

DIMENSTION VOLTPA(3ND Y, VOLTPB (392G . VOLTPC{360),JPLOTS (3
- £, VOLTS{3).1COLI{G} ' !
INTEGER PHASEA.PHASEB, PHASEC s BL ANK » LINE(4LY 4L INEY(4]I) s ASTERS
+DUMLIN{ 12) ., PLUS,PHASE3{32),LINESW{132} '
DATA PHASEA »PHASEB, PHASEC +LINEY s BLANK + ASTERs PLUS sDUMLIN/® A?®
+4 B, VC Y, 4] HVFN,r W e Y, LB YL
+lll'lCI.IF,‘_'.‘IDI’I I.IS!.IE‘.IC!V DI'INI'I’DI/
DATA PHASE S/ =T " 30, % 7,7 T, 0 3,370,000, ®»,* *, Tttty ,r 3,
+| l.l l'l l.lel.l l'l !’l l.l.'.l’l‘_l.! |'I l‘l i‘I ] Izi'I I,I l'
+I I‘i.‘.l.l_'jl/
140 READ!{ 1+ 1. END=101 )NODEs NDATA, ITYPTR 5 IDEL T, I TMA X, PJMAX
1 FORMAT[ 213, [4:[BsF1C .61}
IFI{NDAT A«LT »12)}G0 TO 1437
C
C
D=[NDATA=-123)/2
D=D+0 «5 ,
JD=D !
JL=JD+13
IF(ITYPTREQaLIGG TG 112
LINE{ 15=PLJS l
LINEL 41 )=2LUS
IF{PUMAX «GT 24,01G0 TO 10406
IF{ITYPTR.EQWs2)1G0O TQ BYS
WRITE{ 3,491 INODESLINEY
GO0 TO 553
C
B35 WRITE{3,2) NODE,LINEY
2 CORMATI VN F IS P77 F IS 2P I L IP TIPS 777777777277

+ 23X *PLOT OF LIGHTNING OCVER-VOLTAGE AT NODE NG.'T12/728X
+," BASED ON THREE PHASES BEING EQUALLY AFFECTED?* /745X VOLT 1IN .Ut
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IV 360N-FO-479 3-8 MA INPGM

A-72 DATE  10/12/84

a7 29%, Taeg =3 -2 -y 0" 1 Te2 43

693

701

h
hy
(o
t

—
W

L o ]
-y

R

(AL
o9
L)
o

_Mh”;“—
WO
DO =IO
RO

i
W
Q=
Ll e

0

DD 0
£ lad p

—

Yo

5061

+ /3K ea1A 1)

READI{ L+3) {(VOLTPAI1},1=1.NDATA)
FORMAT( B8F1046)
JCOL=1 :
ITMCNT=0

L INCNT=0

DD 201 ITIME=
=({ITIME/IDELT¥+1
IF{IDELT..E.1)1=1-1
SCALE=I(VOLTPA[(IY+4
JSCALE=SCAL E+1

DO 701 1IDD=2, 40
LINE{ IDOV=BLANK
LINE{ JSCALE »=AS5TER
LINCNT=LINCNT+1
ITMCNT=ITHMCNT +1
IF{ITMCNT aEQe 1 «DRITMCNT.EQL4)G0 TO 1204
IF{LINCNY o GT e JDe AND L INCNTAL TLJILIGE TGO 1295

1, ITMAX, IDELT

WRITE[3,44¢ LINE

FORMAT{ 30X, 4141}

GO TO 201

IFILINCNT «GTaJDsAND 2L INCNToLTLJLIGO TO 1247
DO 1203 ICLL=1441,5
LINETL ICLL ¥=PLUS

LINE{ JSCALE )=ASTER
WRITEI3.,3tITIME.LINE
FORMAT] 24Xs I6s41A1)

IF{ ITMCNT aEQa43TTMCNT=1

GO 70 201
WRITE(3,6IDUMLIN(JCOLY 4LINE
FORMAT{23X» Al +s6Xs41A1)

JCCL=JCOL +1 \
GO TO 291 .

DO 1301 ICLL=1+41,5
LINF{ICLL=PLUS

L1INEZL JSCALE )=ASTER

WRITE{3» 7DUMLIN(JCOL Y ETIMEWLINE
FORMAT{ 23X, As  I6+41A13
JCOL=3C0OL+1
IF;[TMCNT-EQ.4IITMCNT 1

CONT INUE

ITIME=ITIME+ IDELT
ITTEST=4-ITHCNT
IFLITTESTI1208,1208,1209

GO 10 100

GO TO ilZlUnlEllleD 1 ITTEST
DU 16021 ID=2, 40

L INE{ ID)=8L ANK

DD 1302 ICLL=1,41,5
LINE{ICLL?=PLUS
WRITEL3.,3YITIME,.LINE

GO TO 1Q0

DO 1303 IDD0=2,40

LINE{ IDGI=BLANK

WRITE{3s4)L INE

ITIME=ITIME+IDELT

GO TUO 19645

+o e

FOPMATL YNNI 727077 7777707777777 77777 77726BX,3PL0T OF SKITCAING

ESYSTEMY /7 45X, *VOLT IN PeaU:* /729X ,"'—4 -3 -2 -1

+ +3 +4% 736K 41A 1)

READI 1, 10X VOLTPA{I e VOLTPBIL 13, VOLTPCIII,+1=1,NDATAS
FORMAT{ &F 10 +5)
IF{PUMAX +GT a3.L1G0O TC 1095
LMTPU=PUMAX

DIFFPU=PUMAX-LMTPU
IFIDIFFPUIQOD1,901,502
MAXPJ=PIUMAX

GO TG 9032

MAXPU=PUMAX #1 .7

GO TO (904, 905, Q0:60) ,MAXPU
WRITE[3+522 1 'NDDE{PHASE3{I )YI=11.22),
Tl I= 119222 J{LINEY( TV s I=16+2€6Y, (LINEYT
+ I=15£, 25}

FORMAT{*1*/7 /37X, *"PLOT 0OF SWITCHING OGOV

1.
{L

Q

=)

-y

+ OVER-VOLTAGE AT NODE NO.*I3/28X,.*DUE TO STEP INPUT IN A 1-PHASE

+1 +2

IJ

)+ {PHASES(
SEY LI

GE AT NODLE NGWY13754X



A-d.%
IV IENWN-FG~4 757 3-8 A IN2 G DATE . 10712/84 TiwE
VPHASE-C® s TS5T  *PHASE-B"* +T70 ,"PHASE-A'/
A1/41Xe V1AL s2Xs11A1,2Xs11A0 )

X U
m'”

I1COL{ 51 =68
1COL{6)¥=78 -

[a¥alal
X

GO TO 8987
abis WRITE(3+4351 0 NODEL I PHASE3{1) 1=6,
+{PHASE3{ I I=5+ 27 ) SLINEY{TI)al= 11
HLIKEY(IY.1I=11, 31}
3510 FORMAT{"1'//T36,*PLOT OF SWITCHI
4T 54,9 VOLT IN PoU.%///T733, *PHASE-
+22A1, 1X e224 1, I1X,22A1/25X,2141,2X%
1ISK1P=25
11DTH=21
ICoLi Yl v=26
ICOL{ 2¥ =46
1COLI 3¥y=472
ICOLYL 4)=69
ICoL{5¥y=72
ICOL{®}=92

PHASE3{(I) [ =6+27)
[LINEY{I),1=11+311},

. o~

APHASE=-B"Y s T 79 +* PHASE-AY /24 X,
2X,21A1)

C .

C

Lo
GO TG 8987

9LE FRITE{ 3, 253G NODES{PHASE3{124+1=1,320,[PHASEZ2{1)Y ,1=1s32),
F{PHASTE3{ I} 1= 12 32)a{LINEYI11+1=6:361s{LINEY{I}+1=6»2326)~
+{LINEY{ I}, 1=6.361

3539 FORMAT{*1'7/T40,*PLLT UF SWITCHING OVER-VOLTAGE AT NODE NOL'I13/
+¥58, *VOLT IN P-U.'///T%?.'PHASE" "THED0. *PHASE-RB* T3, *PHASZ~ A/
+13X s 3281, 1X 32414 14,3281/714X331A1,,2X4eZ21A142X231A11

ISKIP=14
1% I1DY H=31
IcoLi{ 1i=1I5

1ICOL{ 2¥=45 ) ~
ICOLL 3»=48 ! :
IcoLi4y=7e

ICOL{S»=81 :

ICoL{B)=111 :

TABNND

SE7? ISWTCH=0
JCOL=1
ITMCHT=0
LINCNT=O
DR 205 ITIME=IDELT, ITMAX, IDELT
D3 8unl IDI =1,132
8001 LINESW{ 1D =BLANK
DS 3332 IC=1.6
ICO=1CoLI1IT
3332 LINESw{ICCY? =PLUS
I=(1T IME/IDELT)
VOLTSTL=VOLTPATL L) '
VOLTS{2=vOLTPBI{I1} |
{1

VOLTS(3=vOLTPC
DO 204 J=14 3
JCALE—(VDLTS[J)+MAXPU)*5+D S
204 JPLGTS{ J¥=SCALE+1
C
K=JPLOTS{3} +ISKIP
L=JPLOTS{Z2¥+ISKIP+IWIDTH+2
M= JPLOTS{ 1Y +ISKIP+2%IWIDTHT 4
5004 FORMATU1Z2A 110
C

LINESWIK?=PHASEC
LINES®{LI=PHASER
LINESW{MI=PHASEA
LINCNT=LINCNT#+1



lV 360N—FD~&79 3-' HAINPGM_A ) 0ATE 1071 2784

2101
73925

3334

6002

G23
6003

8989
2103

7249
971
69C 1

93z
£E9L 2

> 2
et

690 3
8290
205

9208
9209
TST7
9513

7978

-24

*ITMCNT'ITMCNT+I

IF{ITMCNT cEQe 1s0OR.ITMCNTS Q. 4iGU JOo 2101

IF (L INCNT ¢ GT a JD+ ANDLLINCNTLLT.JLIGO T4 21062
WRITE(3,5004)L INESWY

GO 70 205

[FILINCNT s GT s JD «AND JL INCNTL T JL)GP TO 2123
ISWDUM=0

DO 3334 ICL=1+6.2

INTL=ICOL{1CL?

LIMIF=ICOL( ICL+1)

DO 3334 JCL=LINTLsLIMIT,5S

LINESwWI JCL ¥ =PLUS

IF{ ISWTCH.EQ.1)G0O TO 5311

LINESW{KPI=PHASEC

LINESW{L}I=PHASED

"L INESW({MI=PHASEA

IF{ ISWDUM +EQ.L¥GD TO 7249

GO TO (S11.912:913)MAXPU
WRITE{3+5205)ITIME. {L INESWIIV,I=42,1321%
FOEMAT { 35X+ [6,91A 1}

1F{ISWTCH.EGQ.13G0O TO 106D

GO 70O B988
WRITE(3.5%0 6V ITIME, [LINESWI(I),1=26,122)
FORMAT( 19X, [6. I07A1)

IF{ISUTCH.EQ.1)GC TO 109 .

6D TO 8988

WRITE(3.500 74 ITIME,ILINESW(I),I=15,132)
FORMAT({ 8X, [6,118A1)
IF{ISWTCH.EQ.1)G0 7O 10O

~

IC( ITMOCNT cE Qe 4 I TMCNT =1

GO TO 235

GO TD{921+9 22,9231 MAXPU

WRITE(3,670 LIDUMLIN(JICOL) o {LINESWITE,[=42,1321}
FORMATI 34X+ A1.,6X,21A1)

GLU T 898%

WRITE(3:.600 2}DUMLINIJICOL) »{LINESH(I) . 1=26,132)
FORMAT{ 18X« Al 66X, 107A1)

GO 7O 8989

WRITE{3+600 2)DUMLIN(JCOLY , [LINESW(T?Y,[=15,1321%
FORMAT! 7Xs Al .6X,118A1)

JCOL=2C0L+1
GO TO 205
ISWDUM=1
ISWTCH=0
GO TO 7395

GG YO {831, €32,933) +MAXPU

WRITE(B 690 1¥DUMLINI{JCOL)  ITIME,[LINESW(I },i=42,1321
FORMAT( 34X+ Al,16+91A1}

GO TO B8990

WRITE (32569 0G21DUML

IN
FOFRMAT( 18X, AL, 16,10
N
L]

{
TA
GU TO 8992

WRITCIS3.6%5 2)yDUMLI
FORMAT! 7X+Al.I6,1

{J ULI,ITIME.[LINESW(I|.I=15.1321
8A 1)

JCGL=JCGL+1
ILF{ITMCNT eEQs 43 [TMCNT=1
CONT INUE

ITIME=ITIME+IDELTY
ITTEST=4~1TMCNT
IF{ITTEST 19208, 9208, 9209

GO TQ 1004

GO TO{7977, 7978, 1002, ITTEST
DD €513 IK=1,132

LINESWI IK)=08L ANK

ISWDUM=D
ISWTCH=1

GO T4 729

DO 9711 IJ=1,132

JCOL 1 L ITIMES (LINESWIIL ) +1=20G, 132)
1

TIMe



1 IV 360N-FO-479 Z-~ MATNPGM DATE 1712784 TIVME

B8
9711 LINESW{ LJI1=BLANK
: DO 9712 {J=1.6
: I1Jo=1CcOLity)
t 6712 LINESW(1JO)=PLUS

WRITE(3.5904)LINESN
K [TIME=ITIME+IDELT .
! GO TO 7977
! 1065 WRITE{(3,7777)
7777 FORMATL*1'5X, *SWITCHING JVER—VULTAGE EXCEEDS 3.0 P.U.PLOT CONFORM
+ABLE TO THIS PR3IGRAM IS5 NOT FEASIBLEYZ/)
GO TO 100
1066 WRITE{3.88883%
8888 FORMAT[ "}'SX*"3VER-VOLTAGE DUE TD LIGTNING OR STEP INPUT EXCEEDS
+4 ,0 P.J.PLUT CUNFORMADLE TO THIS PROGRAM IS NOT FEASIBLEY //%
GG TO 1o
107 WRITEI3S.77881
. T7BB  FORMAT[?1*S5X.*MINIMUM NUMRER{12) OF DATA POINTS IS NOT GIVEN
: 4+ AS INPUT.PLOT CONFDFMABLE TO THIS PRUOGRAM IS NOT FEASIBLE'//1)
GO TO 1090
101 STOR
END
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