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S9TRALT

The offact of lightning surges on Last Lrid of Bangladesh
Pawer Uavelopment Board has baeen astudied by digitel computer,
The study has been mede by vsing Uewlay's Lettice Diagram
Bethod, The lightning surge ia representad by s 1750 wave,
Lightning stroke is considered et nodsa bylhet, .iddhirganj,
Comilla, Chandraghona and Ksptsi, For s gingle lightning
stroke st these nodes there is poseibility of voltage build
up at some nodea, Most dangsroug nodes in the system are
Hedanhat and Ullon, Possibility of voltage build up incraaaes
at some node with repeased lightning stroke, It is observad
from svrge voltsge wave patterns st diffezrent nodes that
peak value decreases considsrably when the systor is loaded

fully..
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1.1 Introduction'd)s(3)

Duzing switching and similer other processes a system
(a circuit or a machine or a transrission line) before coming to
. a steady astate passes through a trengition period in which the
currants and voltages are not recurring periodic functions of
time, The period required for the currents and voliages to sdjust
themsalves $o their ptsady~gtate modas of veriation is cslled the
transiant period, During this period in uﬁich currents and vole
tages on a power system underge a chenge from one steady state to
anuther, becsuse of lightning, switching oparations, short cire |
cuits ox other cauges, surges sre sst up which travel along the
line with the speed of light, These disturbences are ?artiy ref-
lacted and partly passed through st eny point where tﬁere ig 8
change in the line constants, such fa;,axample a3 g change from
averhsed to uﬁﬁargro;nd canatructian,”ét a fork in the line d;
at the terminels, The waves are sttenuated in trangit and are
damped out in & period of time which on any practical line, is
very small compared with the time constents of the connected

machinery, but during thie period some most serious aparaéing

problems occur,

1,2 voltage Transient and Line ﬁurqgg(zj' (3)

Thers are verious wayg in which @ transmianicon ling may
experience trangient over voltasges, (hey ars of two types (1}

internal and (2} external, Internally developed overvoltages are



ugsually coused by a switching operation, sither the opening orx
closing of & circuit bresker. A pwitching operation produces a
spddan changs in the circuit conditions, and is accompanied by
s trangiant stata which leade from the earlier to the latar atesady
{a.c.} atote, The bashavioum of the system can be gxplained with

exactness only by means of travelling waves,

with the increese of high = valtagc.auerhead lines the
problem of lightning is ' sssuming greater importance, and wuch
damage is done yesarly by aightnzng. There are two main wayg in
which lightning affects & line: by a direct stroke end by slec-

;trostatic induction, A lightning stroke meking a direct hit on

a power ééﬁductar zéisés its bBtantiai snormously; meeauremeﬁts
heve besn made shcwzné that the order of mognitude may be several
million volts, There isogréat danger that this will flash over
the insulators, Volisge cauged b; sud&en cﬁénges in the field are
induced on conductors in the vicinity of aé electric astoym, Theas
are of much more frequent occurrence than direct strokes, but

they sre not so ssvesre,

1,3 lmportance of {ransisnt Phensmasnon Stggv(ld)

daefore the growth of the public utilities inte their present
enormoug proportions with largs genasrsting stations ang conpecting

(e intermg of

tis lines machine performance was lergely judged
the steady stats charscteristicas. The gmergence of the gtability

probles gave riee toc the analysis of the trangient charscteristics



of machines and was largely raspansible for our present knowledge
of machine theory, A trangient state occurs uhaﬁ the system is
changing froo one asteady stste to another, The switching surges
rating while the lightning surges wmay excaed by sevaral tens of

times the working voltags, thus sericuely affecting the system,

In order to control the operation of o sygstem carrectly so
as to pravent breskdowna and to aesign muitable protective and
automatic contxol gear, the enginesr must have a cleer and dastai-
led picture aof all the possgible phenomena in & modern power systen,
Tha enginear must foresee what will happen to the systez es a
result of this or that change in its aperation, Only then can the
snginger determine the fﬁéﬁireﬁ paremeteras of the squipnent and

of the protective and automatic gear in order to obtain the bust

; result” from thas system as o whole and from its constiituent parts,

- . ! . E .- - * - -— ‘ i 4

The durastion of a transient cendition in any asystem ig
usually incomparsbly shorter than thet of the normal steady
condition, Novartheless, thes overall merit of an electrical
systen is to 8 great extont determined by its transient bhehaviour,
The study o? trangient phenomena in electrical power system is
now of spscial importance because of the incresgaing use of elscw

tronic rectifying devices for esutomstic and remote control,

Az the powar syestes is orowing very sapidly and more power
needs to be trangmitted the system vbltage iz increasing doy by

day. More reckntly, owing to the rise in systen opersting voltege

(4}

and to a desire to reduce capital cost by a reduction in system



ingulation leve}, the tronsient voltege sricic; when Yang trans-
nigssion lines are energised aiid za-arnsrciged ond due to lighining
surges, the meang for reducing tihiase transient voltages have

hecone of consideratle iaportance,

1.4 Historicsl dackaround

The effect of transient voltages duas to switching, light-
ning siroke, depends on the “wave” parameter of the aystenm,
Although a nunber of methods Tor calculating switching and light-
ning transients exist, sone are mors accurste thean others, The
methods are Lunped-parsmeter mathod, Fourier~transgfeorm maethod,
Travelling-wave method and Lattice-diagram method., The earliest
method was Schnyder and ﬁergarnn mefhcd which was originaliy a
greaphical mothod and thia was primsrily used in 1928 in Lurope
for solving hydraulic probless. The sethod has xacently'bean
used in celtulating electromagnetic transients using a digitael

computer,

Almost all power reasarch orgenisations and power equipments
manufacthing companies are warking in the field of electromag-
Vnatic transienta, But Hermpmye, Uommel did initial work
uging computer mathods baged on Dergeron's methed at the lonneville
Powpr ﬁdminiatrétinn {GP&), USE and the Hunich Institute of
'Technnlngy, Lermany, for an&lyzinq trangiente in power system and
alectronic circuits and still taoday he is working ot the University

of British Columbia, Leneda, becondly, work on electiromagnetic



trangients progranme has advanced much by the sincerxe work of
APA end the information and digitsl conputer programmes &re
publicly evailable, Much work is alsc done st the Hydro-Electric
Power Commipaion of Ontario, Canade, The racent desveslopment of
sophisticated digital computer programme on transients is the

wurks(ll}af Semlyen, BDob Eifrig, Akihiro Ameteni, et al.

Tha lstest Llectromegnatic Transients Programma fEMTP) is
s very sophigticated digital computer programee. The special
features are {ll}inclusiaﬁ of gsynchronous machine dynamics, with
gpecisl emphasis on subsynchronougs resonence {SSR} modelling
capasbility, iine congtant routine, cable constant rgutine,
" “dyhamic surge arrester model with act;ué”fCurrent=limiterJ 98p,
TALS code for anslog-computer mndelling capability,. frequsncy -
dependent model for unirangpoged trsnsmispion lines (Semlyen and
ﬂmatan#&cdelling},ifha Sm;llest aof EHfF uses about TOUU cards

on IB% 370 computer,

Stability study of Bangladesh POwer Grid was nade from
time to time but only one trangient performance study of this
grid was done at Hengladesh Univeraity of Enginasring and Tech-
nology by constructing a transient Network Analysér; The main

purpose of this study is to investigate tha grid under the

influenca of lightning surges,




1.5 Scope of the Thesis

(10}

In & previous study , Bwitching wnd lightning tranaiants
wars atudied on & transient Network Analiyser by impinging square
wave pulses at certain nodes for lightning transiant study,

The scope of this thegig ia to invegtigate the effect of light-
ning surges on the Last brid of Bangladesh Power Jevelopment

Board by digital computer,

Travelling wave theory snd Dewley's lettice-diagras method
havae been chosen for tha study, A lossless, distortion fresn,
single phase representstion of east-grid is ccnsid;reﬁ. The
study i¢ made ava# a period of 0} ta 10,000 micro seconds, The
6rid is atudied under the influence of single as wall as multiple
lightning strokas #t different nodes. Ths wain objective of
the study ig to identify the nodes or points of pogsible voliage

build up due to lightning mtroke. This ias very importent for

design, plenning and operation of sast grid,
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In thia chapter a degcription of differant metheds used
in calculation of electromegnetic transisnts bave been discussed,
Bergeron®s method ig used wost extensively. flewley's Lattice
method is a graphical method which uses transoission and reflec-
tion coefficients, TTansient Network Anslyser (THA} and digitsl
computer are used presently for trensient phenemens study but
digital cadputer is gaining popularity asz very large and complsx

systems cen be solved economically and very accurately,

2.1, Different Hethods Used in Traosient Analynis

for the reliable operation ¢f powar-system networks it
—i's important to know the condition under which- tranpient overw
, voltages may be developed within the system and’tp have the mesng
f&fftheir calculafiun.tf?rthis can be dons gt the deaigﬁ stage, |
nrecsutions can be taken gither to avcid the ovar-voltagesid)
completely or at least to minimiase their affscts,_fhe calculatien
of lightning and switching overvoitsges has become more and more
important with increasing system volteges, Analog end digital
computers must be used beceuse of compleaxity of the systems and

. {5}
their cowmponents .

Differsnt researchers have sclved the transient problems
uaing different methods - Lumped parameter mathod, fourier Trans-
form method, Travelling-wsva mothod, Lsttice-diagram method, But

the mogt commonly used methods sre Bergeron’s aethod end Bewley®s



Lattice dogrse oithud, -hory @ - other recent developmenta but
thess two pathods er: widol: accepted and extengively usad

wathode,

2.1.1 Bexrgeron's siuthog

This method has primerily been ugaed in Europe, It was
first applisd to hydraulic problems in 1928 end leter to alectri-
cal problems, 1t is well suited for digital cumputersis}. In
contreat to the slternetive Laottice method for travelling wavm
phenomena it offers imsportant advantages; for exsuple, no rgf-
laction coefficients ere necosssry, The method has recently

been applied to cslculation of trosngients using & digital computer,
A briaf outline of Bergeron’s ﬂathod;?J is given here,

The transmission line equations are:

-%fnf.“%‘%& Ri
&« . % - rzﬁl}.
-‘g'i"n E%‘E-ﬁ- Gn

where & and i are voltsge and cuwrent in the line ot g digtance
x and L, C,R and & pre reppectively the line series inductanca,
shunt capacitance, series resistance and shunt conductance per

unit length,

Hergeron's Method appliss to lossimas linas where i and

6 are zero and L and C are indenandeant of frequency,



Subject to these limitaticns there ars relaticnghips
hetween the conditions at sach end of the line at time & and
at time t = ¢ which exist independant of the termminating net-

works,

dw L
f o—— SURGE IMPEDANCE= Z je—1 o
Ex * {'"feM
O0——— TRAVEL TIME = 2 —0
TERMINAL K TERMINAL M

Fig, 2,1 Single Phese Losaless Lins,

Foxr the'linéub? Figure 2.1 these rélationahips are:

”

- & . " -

g (t) = L3, (¢) = EE.%{..t.-/‘.}’.} +.2,5 1t -2

o ‘ 4”4._ e /

- - - - - . e {2-21
Blt) = 2,4 (t) = s it = ¥} + L.4,{t - )

’

Equaticn 2,2 gives relstionghips bestween e and i at both
ends of the transmission line which, provided the conditions a
travel time sarlier are known, ensble the transmigsion line to
be replaced by & current gource in parsllel with o resistance £,
Thig allows & golution to be ebiainad for the voltages and currents
at time t in the network consisting of the ends of the {ranmission
lines snd the components connected te them, A method for solving

this natwork is described by Uommel,



ig

The gquantities e 4+ 4,1 sre known 8s characteristics and
are directly related to the forward and backward travelling waves,

in the poper the following nomencloture is usad,

Fk =& + Ziik = 2 x forwapd travelling wave at end K,

vese (2,3)
B, = & = Z.i, = 2 x backward travelling wave at end K,
fquation 2.2, can be rewrittom
BK(t) = Fm(t -7 ) o
LI LN (Zid}

Eﬂﬁt) = Fk{t - T)

- Rjg Rfp. - Rla . R

fig, 2,2 Approximate Madel for Line with Series gsistance,

Nompel extends the basic squetion (2.4) to include an
approximaticn for series losses. The model used for tha trans-

migezion lines is shown in figure 2,2, This results in egquetions:

2 R /4 .
ﬁk{t3 = TyA7A Fm{t -7) f'ﬂzf§73~- Fk(ﬁ -T) ( j
LI ] L I 2 2.5

r4 R/4
Bm(t} = T4 Fk{t -T) + "ﬁh’/T Fm(t - )



1l

In these eguations the impedance used in defining the
characterigtics of equation (2,3) is modified to (Z+R/4),
Eguntion (2,4) ia = particulsr c&sa of squstion (2.5} where
R ig zero, Physically equations (2,4} end (2.5) can be intere

preted in terma of impulse rasponses in the fallowing wey:

For the lossless cape described by equation (2.4), if
an impulse of forward (i,e,, into tha line) travellitg wove is
injected at one gnd at time t = 0, then the backward {i.e, out
of the 1xng) travallang wave at the other end at time U is

egual to it

-rFor the transmission line model with series losses of
quurs 2.2 and eguation (2. 5). if an impulse of farword traue—
tling wave is injected et end m at time t » O, then part of it
is trangmitted and contributes to Hki‘f } and parxt of it isg
raflsctad by the resistor st tha centre and contributas to

8@('? ). The respanseg of B, and B, ®8re shown in figure 2,3,

Y — = TIME
(A) FORWARD RESPONSE

v — TIME.
(B) BACKWARD RESPONSE

Fig, 2.3 Response Functions for Lumped Renistance Model,



12

fhese impulse responaes are approximations ta tha impuls?
reapanges 0f o line with continuously digtributed resiastence,
snd freguency dependent resastance and inductgncse. Tf the rep-
resentation of continuously distributed resiostonce wasg improved
by including & large nusber of smaller lumped resigtances connected
by short lossless trensmission lines, then the reflectian'frcn
the resﬁstancé in the centre of the line shown in Figure 2,3b
would be replaced by many smeller reflections. These reflected
pulses would not arrive only at time T but would cccur over a
rvange of time, The reflections from resistanceas near the sending
hnd would start arxiving soon after tims zero, The reflections
from resistore nsar the far and would arrive shortly befo%é'time'
2 T =nd_would be smaller as the pulss will he atteguatedl93mit

muast pass down the line twice, If the effescis of frequency depen-

P

i -
dence were to be included then the -travel tims and sttenuation
of different freguency components would be diffsermnt and this
will further wodify the shepe of the vesponges, The principle

effact would bme, that ths pulse of Figure 2,38 would be broadened,

Theoa effacts result in responhses of the form shown in
Figure 2,4, #ith rescponses of this form ﬁk(ﬁ) and B {t) are no
langer detemsinad by F (¢t =7 ), end Fm{t « Y )} alone, Howsver,
if Fk and Fm are considered to be made up 0f & sexies of imﬁulaaa
of varying emplitude but all of o duration O t, then B, and B
can be found by summing the effects at tisme t of a number of
these impulaes, The shape of tha rasponaes would only need to

be determined once for sach ling and so could be o complex
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calculation without greatly increasine the compulation time,

The gumming of the effucts of a number of inpulses must be

(A} FORWARD
RESPONSE

Wf.
0
(B) BACKWARD :
RESPONSE
R, L - . o=
y .- OT0q 1 - — - -
Fa oo .0 1 3 3 o -
o CT ) TIME IN MILL! SECOND

At = o M SEC

Fig, 2.4 ',, ﬂespsg;jsef}}’uhctimhs of frequency Dependent ZGB-ﬁiié.LiBe. —

carried aut many times, once at each tims step, but is only a
simple celculation and so should not greatly increase the compu=

tation time,

Thig igs & very convenient diegram devised by Bewley, which
shows a8t 8 glance the position and direction of motion of every
incidence, reflected and transmitted wave on the system at evary

instant of time., The method may be descrabed as:



1

if in Fig, 2.5(a) e traveling wave e, mcves from the
left to right towsrds 'a' then upon reoaching 'e', a transmitted
wave and g reflectead wave is produced, These wsves can be

pxpressed azs follows:

a, = tranémitted wavs = o _ec (2.8)

t
e, = reflected wave = ﬁasf (2.7)
where « is the transmigsion coefficient which is equal to
A 'zgg,
L« ERQ

(2.8}
and B, is the reflection coefficient which is equal to

B N {2.9)

P Eﬁa

» o o '
. -

~ So long as the line surge imﬁeﬂaﬁcas‘ara5equsl-on both -
pides of the reaistor then the transmitited and reflecisd waves

ars independent of the direction from which the wesve propagates,

" If on the other hand the line is unsymmetricel with raespect to

the resistor this statement is untrue, Thug, if the line surge

Ampedance to the left of the resistor is £ and to ths right 4°*,

then for a wave moving from the left hand side st ths point

'e' the transmigsion comfficiant is

o 2RIt
a RHIeML 2 LY

{2.10)



(a)

COMPONENTS

{c)

Fig.2.5 Lattice Network, {a) Equivalent circuit of linpg with
several shunt impedancas at distributed pointe, (b) Lattice
network for voltage on above circuit, (c} Addition of componente
from lattice network to give actual voltage at @ givan point,

o - e en w
P s gy A T S— -
— N . -

5 ..



and the reflection coefficient is
RZ' = RZ = Z2° ‘
Ba™ RZ 7 RZ' ¢ il (2.12)
For a wave moving from the right to the left, the trangmigsion

caefficient, vy ; is

a
2R2 .
Ya ™ RITeRZ+Z1’ (2,12)
snd the raflection coafficient, aa, ig
A = RE = AL’ - I'Z (2.13)

a2 ALY + RL + 2L

when ths transmitted wave from 'a' reaches 'b', another
rufie;tiqn and partiai;gransmissian occurs, The refiected wave
frﬁm_iﬁ"is-p&rtiélly*tranamitééd and preflected from *a',_ Thig
cnntinuas 1ndaf1nzte1y thruughauﬁ the network until the compo-~
nents have béen redueaé t; réra By means of the aystem ghown-
in fig. 2.5{b) account cen be kept of aach component not only
in magnitude but in time, The horizental distance represents
1cngt? along the line and the vartical distsnce time, The
inclined lineg are so sioped that ths vertical distance rsp-
raegsents the tiog required for the originsl wave or a xsflected
conponant to reach tha point designated, Lot zero time be the
instant at which the travelling wave L leaves O, At time ty
this wave hos rsached 's', The reflacted wave from this poing

is Baaf which ia slapad the oppogite direction and is thus

indicative of motion in the reverss direction, The transmitted

{2
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wave from 'a', G 8¢ reaches *h! at time tz whan a reflection
ﬂb“a“f occurs and the wave w a e, is transmitted beyond this
point, This latter wave reacnes 'ct! at the time t3. Epsch wove
whether it be trengmitted or reflected has its own trangmitted
and reflected conponsnts, G“here two waves coincide as at ‘b

for time tg whers waves from ‘a’ and 'c' arrive at the sane
time, the reflected and transmitted waves from this point ore
added, ag has been done for the wave botwesn 1t pnd 'a' between

X
— “To determine the actual voltage at any point guch as it

is nécessary to add the different compotente with their pruéer

‘time relations as is shown in fig, 2.5(c). The method ia much

. : ' _
simpler than this description might convey, os nuderical values

simplify very grestly the apbaaranca of the steps, I nost
cases the resistors are equal and sgually spaced, If the vol-
tsge at any of tha resistors is desired, tha components of
voltage on egither ane sida or the other should be added not

tha conponents o0 both sides,

when 3-phage system is considered, although the bsasic
travelling - wave equaotions remain unaltered, it ig nscessary
to replace the individual surge impedances by surge-impedance
matrix, The manual computation then invalved in finding the
reflaction end refraction coefficiants and in calculsting the
trangient voltsges snd currsnts in @ system of eny size is

prohibitive, end it becomes nacessory to use automatic wmeans
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af cagputatian. i.e2, digital computer,

[

2.1,1 Igansient Hetwork Analyzmer

Analog computers, umially nemed Transient Hatwork
Analyzers {(THA), have tha advantage that they more or less
represant a system physacally, but on a miniature gcele, Thay
are comporatively easy to design and have beed extensively
used, They are limated an gize, however, and compsratively
sxpensive to build and operate, with.the introduction of large
and fast digital computers it has bacome possible to use digital
,_ca?putatiﬂn instead of analog techniques, -Yery large-systens
can g;w be handled, and it is sasy to ehange‘the pargéstars

of a system from ane calculatign to anothar,

2,2 Lomparison of Different Mathods

idenlly, the uethnd{ﬁ) of calculaticn uasd should be
capable o0f representing both lumped and distributed paramatasrs
vqually well and of faithfully reproducing their varistion with
frequency, In addition, it should be able to represent the
effect of nonlinegritiss such am thuse due to surge diverters,
magnetic saturation, corona and the circuit-breskar arec, In
practice such a nathod is not ssaily schisved, and currently
used mothods represent a compromise in some respect, the
pariicular comprosise arrived at being governed by the specific

raquairements of tha user,
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Tranasisnt overvoltages may be determined by means of a
anslog computer, such ps a transient analyser, In meny circumg-
tances, however, it ig often found more convenient to use »
digital computer and computsr programme based on various methods
have bean and are being daveloped, sowe of which ers capable

of high accuracy. The cost of sccurecy ig long computetion times,

gifficulties inherent in the calculation of transients
are not confined to the nethod alone, The provision of suffi.-
ciently accurate and sxtensive systen data alaso has its problers,
For the most sccurata methods, full knowledge of parameter
veriation with frequency is necessary, end at the present tine
this is nag eiways readily available, Thus, 4n meny casss, the

use of wore accurats methods svailable asy not be justified

sconomically baceuss of system-data-limitaticns,

2.2.1 CLomparison Detween Trenmient Analyser end Uigitsd Camgutnrtlﬂ}

The investment for e Trangisnt Analyzer is almoat negligiblae
compared with a high speed digital computer, Yet the digitel
computer is replecing the Analyzer because the let er is rep-
tricted o apscific problems, whersas the digitel computer can
be uged for o variety of engineering studias, In many cases,
the invastment in o large conputer is justified for the opers~
tiong it parforms in sccounting procedures ond rxoll preparstion

if the engineering use alone does not justify the investment,
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In Anplyzer study no solution of network or dafferential
oquations are gequiread sxcept the physicsl repr&auﬂtatiﬂn of
the system in the siniasture. form, Further the Analyzer provides
physical obgervation of the transisgnt phencmena on the oscillea-
cope-screan and facilitetes eeay permanent records by photogrephic

roans,

The digital computer can neot give s continucus history
of the transient phanomans but rather & ssaquence of snapshot
pictures at discrete time intervals. In this case unlike the
Transient Analyzer numsrical answer are printed when the provlem
ies solved and part§§1 engwers can be printed during the soluticn

. } .
to andicate proaress being made towards completing the solution,

There is no doubt that in future, the cairect avalustion
of switchiﬁg and lightnipg surges taking rato account caméiex
gources and both voltage and frequency dspendent syatem para-
meters will be achieved most economically by weans of digital
computer programs, Howaver, considering the mdnor investment
in &na1y£arm and the high flexibility of analog methods in
the study of eplactrical transients snd cost involvad in the
pregaration of guphisticeted snd cuomplex digital programs and

in their running, the Analyzex methods will be most convenient,
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Bewley's Lattice Disgram ig once egsin described in this
chapter snd subssquently emiotions ars written from the graphical
representation. Sample computer progravme is written from these
ecuations, & description of the grid aysten under study is given
here and reauirsd deta are tabulstad. Mathewatical reprasenta- |
tion of lightnihg surge and method for celrulation of 4ransmie-
ssion and reflecticn coefficients for forward end basckward waves

ars shown in tha lest ssctions,

3.1 Description of Bewley's Lattice-Disgrem Mathogt S)s(8)412)

The spplication af the lattice diasgrem :a the calculation
ef surges onh transmiseion lines end cables ig describoed in nany

on power systems, In this mpthod, lines and cables
sre ssmcif&ad.by'their surga impedances and surge travel times,
and the reflected and trsngnitited voltages and surrents st juncg-
tions and terminations ece c&lculatsd'bg the use of reflection
end tranamission cﬁgfficiantﬁ, daefined fer a singlso-phase sysiem
as (Fig, 3.1},

Rp = Z¢

Bawx
Rg - Zu

— vesw (3.1)
2R

“"ﬂe¢ze

whers Ac is the surge impedance of the liaog or cable on which

tha wave is travelling and ﬂﬂ iz the affective surgs impedance

sean by the wave when it reaches the tersinstion ar junction,



The surge impedance of o line is calculated as
l:c = JL/c

whare L in the inductence in henries per unit length of line
and € ig the capacity in faereds per unit length of line, The

travel taime T is cslculated as
= YLL

5ince the product LC ig the same for all overheed lines

it follows that the velocity of propagation iz aleo the sanas,
R L Y 1 _ -

This velocity (v = ny = ﬂ?t:") ig the same sg the velocity

of light and for the whole study this is conaidered as 084 ft,

per micro sec. (186000 pilss per sec),

Re

Fig, 3.1 Line Terminated on Resistence f_,

3,2 Eguation Bevelopment from Lattice Diagram

22

Bewley's lettice disgram is a graphical cethod which showg

svery incident and refiected wave at svery instant of time, fBut

befors writing a computer programpme mathematical eguations ausgt



22

be developed, The scuations are formulsted in the following

way:

Let a foarward wave ey pharts at noda '0' and travels
towards node 1, A part of the wave ia trangmitted through node
1 with & magnitude of a e, and a part is reflected o= By 8.
Thea transmittad wave is then again reflected and transmitted
at node 2 and they sri #Iszaf ahd mlagef‘raspnctiuely_ And esch
reflected and tranamitied wave gets successive raflsction at
zach node and this continues indefinxtely throughout the network
until the componants have been reduced to zero, To determine
the actuel - voltage build up at any point such ag X im Fig, 3,2
it is nacessary to add the different componentg with their
proper time reslation 8a;$hﬂwn in Fig, 3,2(c¢), tquation can he

werittnn ast-~
Ex = ulef(tl}# alﬁzafitz} + mlﬂzéluf{tai + mlazﬁsyzaf{td}

- Flaf(tl) + anf{ta)* Faef(ta} + F‘af(&é} amae {3.2)

r

whiere Fl = @, FZ = aIQZ, Fa = 313261 and F4 - ulnzasvz vt 3, 28)

The.equatian {(3.2) can be explainad as the original wave
ey is multiplied by @ function (enn, 3,22} and sdded tugethar
with proper time ghift to give the voltage at any point or
fnode in the system, The times tio o By end t, etc, are the
tine reguired for the raflected waﬁe to reach tho nods where
voltage is to be found out, The time can be found oud by Pultie-

plying velccity of wave (984 ft. psr micro sec,) and dastance
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. Fig, 3,2 Bewley's Lat

= L e L
KL
. .
. L

ling with three shunt
(b} Lattice network f
of components from ia
a given point X,

Fa e;

{c)

tice Diagram, (
impedances at
or voltage on a
ttice metwork ¢

a) Equivelent circuit of
distributed points,

bove circuit, (c) Addition
0 give Gctual voltege at
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travalled., For computer study functicns end tioes sre calculated
firgt snd then sdded together using similar equations like

squation (3,.2) but more lengthy,

3.3, . Eguntiong used for Comouser Progremne

A pample circuit Zp shown an fig, 3,3, Lightning struke
is cotisidersd at node 1, The travelling wave sterts from node
1 and is reflected from other nodes, Functiong and times are
calculated for node 1,2,3,4 and 5, Unly one wefiaction from
gsch noaes isg conaxderad for this study end voltage i.e, functions

are calculated just to the right of node,

BOUE = 1
Funetions:
FF{l) = 1,0

FF{2} B{2})

f

FF(3) = A{2)xB(3)x6{2)
FFE4) = A{2)sA(3) B (A)xL{ ) x56(2)
FF(S) = A{Z2)xA{3)8{4)xB(5)xt{4) x5(3)xG(2}

IT(1) = 0

1T{2) = 2xJT(1}

1IT(3) = 2x{J7{2)+4T(2))
iT(4)

f

2x{ JT(L)XITEZ}+d4T())
IT(S) = 2x( JT{L)+JT(2)+JT(3)«JT{4))
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RODE = 2

FF{1)

FF{2]}
FF(3)
FF(4)
Fi{5)

iTiL)
17(2)
17T(3)
1T(4)
-'ITiS}

HODE = 3
FF{)
FF(2}
FF{3)
FF(4)
Fr(5%)

IT{1)
IT{2)
1T(3)
I1(4)
CET(8)

d{2)=D{1)=A{2}

A{2)

A{2)}uB{3)

A{2)xA(J)xDB(8) xG(3)

AL2)xA{ 3} xA{a}xB{5)ab{§) %G ()

3xdT{1)

Jd7{1)

JT{1)+2xd7(2)

JT{1)42x( JT(2)+dF{3) ) N
JT(3)42x0 ST(2)edT(DaTLA} )

-

A{2)xB(3)xG(2)xD{ 1) A2} xA(3)

Al 2)xB{ 3}l 2)=A(3)

-

=

A{2}xAr(3)
A{Z2)nA{ J}xli{4)
AL2)xA{3)xA(4)xB(G)xG(4)

In{JT(1L)4aT(2) )

JT{1) & 3xJT(2)

JTLLY « 4T(2)

JT{L) + JT(2) + 2xJT(3)

JYCL) & JV{2) + 2x(IT(4)+JT{5) )

7



BUDE = 4
FF(1)
FF(2)
FF(3)
FFLa)
FF{S)

L
17(2)
IT(3)
1T(4)

1T{5)

NODE » 5
C O FF())
FF(2)
FF{3}
Fr{4)
FF(5)

Ir{1)
IT(2)
17(3)
1T(4)
17(%5)

23

e A(Z2)xA{D)}xD{4)aG{3)xG(2)=D{1)ua{2)xA(3)xA{4)
o A2)xA{( ) xB{A) &G {3 xD{2)xA{3)xA(4)

= A{2)xA{3)xB{a)xi{ J)xAl4)

o A{2)xAl3)xA(4)

a A(2)«A{3)xA(4])=xB{5)

s 3l JT(L1}+JT{2)+dT(3) )
e JY{2)430{JV(2)243T(3) )

m JT{1)edT{2)+3xJT{3)

e JT{LI+IT{2)40T( 3}

= JH1)+JT{2}4dT(3)¢20JT(4)

= A{Z}uk{3}xﬁ{é}aﬂ(5}%3(4)«5{3){5(2}13{l}ﬂA(E}xA{alxﬂt?%Tﬂ
aA{2)nA( I xA{A)xkB{S)xG{4)xG(3)al{2}«A{ 3} x4(4)xA(5)

= A{2)xA{3)xA{4)}xBi{5)=xG(8)x3 {3} xA{4)xr{5)

w A{2)xAl3)xA{2)xB{S)xD{4)xA{5) .

= AL2)sA{ 3} xAl4)xAl5)

e JuldT{1)+JT(2)+d7(3)T(4]} )
JY1 e3xl JP(2)447(3)2 074} )

#

. JT(1}8dT{2) +3x(JT{3)aaVid) )
w JY{ 1)+ JY{2)+JY{3)+3IxIT(4)
o JTUL1}4JT(2)4dT(3)+T(4)
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Q&Q let us write tho prooramne for finding voltoegse ot

node 2 for a lightning stroke at node 1,

e FRUGHASTE Tiu. 1 | | |
© CALEULATIER OF VOLTAGE AT Hope 2 FOR SINGLE STROKE AT WODE 1
DIMENSION ALS),(8),605),7%5),J7(4),FF(5),IT(5),F(4000)

REAT (1,10) (A(1), 1 = 1,53 -
fagﬁn‘(i,i@s {B{I}; G ilsi
READ (1,10) ( 6(1), T = 1,5
READ (1,10) ¢ 01}, 1 = 1,5)
READ (1,11) ( WJT{i)y I = 1,4}
10 FORKAT (5F10.5) |
11 rﬁqmar (alﬁ) -c; -'.,;wﬁ\ 5

"

R . TR oL,
Ry REBNED L \\.-\» J
SR, R N . L

}rrmz; a:za

T e e

‘f'“‘ﬁ st
reardin A
ACZImAL3)aBla)n6(D)

ﬂ@;u

FFL3)
Fr(4)

FE(S)

&

FF(4) kALY XB(S)x6(4) /B(4)

{‘.

17(2) = JT(1)
vy BﬁIT(Z}

1T(3) = IT(1) + 2xdT(2)

.

B 20 I = 4,5 |
20 IT(1) = IT(i-li + EﬂJT(I-l)
AAA. = ﬁ,ﬁlﬂlga
npe = 6,473014
V0 - = 1016671
0 BD1S I e 1,4000
15 F{I1) = 0,0 '
0O 30 K = 1,5
o= IT{K}
. DO .30 4 = 2,300
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TFLJLLTLT) €AY & EXP(Y}

¥ a YOe(EE-EXY)

Boe 8o J

FIM) « F{H) + UYxFF{K)

WRITE {3, 35)

FORBAT (1K1, SO%, "TRANSIENT VOLTASE AT WODE TwDs//)

«RITE (3,36) (1,F(1), I = 1,4008, 2)
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Veliagn for each node cer bia found like this, For voltege
calculotion st different nodes & single progracms hag been

devsloped,

3.4 Thg osysten Under Study

Tha Last Grid of Bangladesh Ppwer Dovelopment Board hag

been teken for study., The single lins diagrsm is shown in

Fig. 3.4, It has five oajor power statiocns at Kaptai {Hydru4
slectric), Siddhirgsnj{stesm),Ghoresal {stean), Ashuganj{stean)
and &hahibaési (gaé—turbinei.rfﬁa system has double circuit
132 KV line connacting all major power stations. The tatal
length { 132 KV) of ths systen {19?53 is 560 miles, The tast
Grid covurs about eight disiricts and the main load centres,
About saventy~five percent of system maximum densnd and snergy
ip despatched through this grad, Tha syasten under study ig

shown in Fig, 3,5,

3.4.1 Dota Calouiation

The data for tha sgystes has heen calculated from per unit
volue to corresponding ectual velue, The data originally avail-
able wag in p.u, velues et baae velue of 132 KV and 100 BVA, Tha
surge impedances are calculated and shown in Tabble 1, for detailed

caslevlation rafar to Appendix-B,
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TARLE = 1

TRANSMIGSIUN LINE DATA

B4

.Laﬂgth in

5ikelbaha

i Line caontants on 100 VA, jturge

Travel tima

: s : $ 132 V ba Iompedance ; in micro
sections | oiles § 77 L ! C | in obm ‘ secands
in ohm] i0 mh tin MF {2 « YL/7C 1§ ,

sylhet - 19,867 3.20 g, 6 0,298 359,90304 106
Fenchuganj
Fanchuganj- 0,47 4,94 €0,0 0,464 359,59748 ls4
Srimangal
Srimsngel- 22,59 6,66 44,6, 4,344 340, 07104 - 121
Shahjibezer -,
shahjibazar~ 32,02 5,20 2.8 0,4%0 357.990836 172
Ashugeni
sghuganj- 248,52 4,40 53.3 5,412 360,35310 153
Ghoragal '

Ghorasale 28,54 4,40 53.5 .412 J&h, 35310 153
Siddbirgan] : '
Siddhirganj- 9,54 1,45 2,8 0,134 393,98461 51
Ullen

Ji}lnn-?ungi 12.80 1,95 24,2 0,180 366, 66666 69
Siddhirganj~ 51,30 6.30 -1061.3 1,220 286,15418 275
fomilla

Lomilla- 34,19 4,990 $9.% 0,454 362,01831 162
Feni

fenie 60,75 9,30 11%.0 0,910 sl 62028 26
Madanhet

. Hadenhate 24,20 3,90 47.3 06,366 359 ,492€5 130
Chandraghona
Lhandraghona- 16,50 0.95 11.5 0,090 357.46015%6 89
Kaptai

Hadanhat=- 8,50 1,21 13,6 1,156 397.61995 46




35

3.4.2 Nathematicsl Representstion of Lightning Surgs YNave

Studies of transient digturbances on a transaission

(13) and gwitching

syster have shown that lightning strokes
operations are followed by @ trevelling wave of a ateep wave
front, dhen a3 voltage wave 0Ff thig type reachas a power trans-

(a) digtribution alnng its

former it causms an unegqual strass
windings and may lead to braskdown of the insulation system,
It has, therefors,; become necessary to étudy thea ingulation

behavicur under impulse voltagea.

An lepulse voliage is 2 undirectional wvoltagas which rises
zapidly to a maximum velue and then decays slowly to zero, The
wéhe shape is gonerally §afiﬁe& in termg of tine t5 and ts in
microseconds, where §1 ig ﬁhe time t&ken-by the voltage wave
to reach its psak velue and L) isrtha_total time from the start
of tha wave to the ingtant when it has declined to one-holf
of the peak value, The wave iz then referred to as o tlftz wave
{Fig, 3.6) and eccording to B.S. 923 a 1/50 micrusecond wave

is the giandard wave, The general sguation of en impulse voltage

100/

507-/

Fig, 3.6 Nature of a lightning discharge.

1 "-'2 t
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is given by -

V{t) = ¥ [ exp ”z'zx -} - oxp 2“5;355“"4]

= V(exp™®" = exp-bt)

Fhe value of ¥V, a and b for s 1/50 wave hosg besn found

by trisl and error method and equation is given by -

Vit) = 1.016671L (e~D-024294% _ -6,073014¢, 4 4

For procedure for celculsation refer to Appendix-{,

3.8 Lalculation of T

The calculation of transmission and reflection congtents
.,y and & have been done by Progresme no.l ond shown in

Appendix~A,

3.5.1 ?rugagati%n of Surges in o Line Terminated by & finite
Impedance

Suppose that » travellinglwava {£,i) moves slong a line
of surge impedance (Z) snd maet; a termination of rasistance
R {Fig. 3.7), If R ig not sgual to 2, tha end aof the line can
nGt have o voltage £ and current i, since E/L = 2, There is

tharefore s disturbance which produces a reflected wave (£',i')

moving towards tha left,



3F

(EpL) —

Z §R

Fig., 3.7 Line Terminated on s Resigtance R,

The folluwing ralations exiast:
E = iZ,
E'« - 312

The total voltage at the end is £ + E' and the total

current is 1 + a%,  so that L + E' = R{1 + i),

~

These souations give
z{i-i:; a R{iedit) - )
S50 that i' = ( [Z-R) / {Z+R) )i ere coe (3.48)
and E' @ «i'2 = { (ReZ) / {ZeR)) £ ., - (3.4b}
The totsl current and voltage are
iei' = (2 2/ (24R) ) & .ee aue (3, 5a)
and E+f' = { 28/ (Z+R)) € aen ans (3.5b)

1€ the line is open st the end, R =z oc so that thn total

current ig znyo and the total voltage is 2E,

If the line is ghorted at the end, R = 0, s0 that the

current is doubled ena the voltage drops to zero,
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The caae for a finite rasigtance teoomination is given by
squations (3,4} and (3,5}, when the termination is not & pure
rasistance, ths result is still given by thess equations but
they must be modified hy tha terminated impedance, A load in
the line mey olso be treated as B soscial case of "termination”

at » given point 0f the systes,

3,5.2 Surgqes ot the Junction of two Lines

Figure 3,8 ghows the case of two lines of surge impedances

ﬁﬁ and L A wave (E,i) travela along the laft~hand line and

E’
mseta the junction, So far as a travelling weve is concernsd

the righthand line can be considered to have an ispedance Lns
s0 that tha cage is the asme as that shown in 3,7 provided <«

is replaced by i, and R by iB.

The raflected wave &a thua {(E', i'} whexe

The trangmitted wave sust clearly have a voltage eguél
to the totsl voltage st the junction and 8 current edual to

the total, Thug the transmittad weve ig (E®, i") whers
iz i+ i' & {22& / (ZA + 33)} i cen (3,78}

and E" = [ + L' = (za:B ! (z, + r:.an € (3.7b)
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(E,4) o (Ev, i)

e — -_—
B e —
y . & ¥
&A (EY,iv) ZB

Fig, 3.8 Junction of 2 linzs,

The reflected and transmitted waves at g point wherse a
line forks (i,e. Junction of three lines). Fig. 3.9 represents
the arrsngement schematically, The surge impsdsnces ﬁre z,zl,
end 4, raspacfivély. '_' '. L ' . ] .

(E, {) —

Z, (E';“_i.’) S

Fig, 3.9 Travelling waves at a junction of 3 lines,

Let the incident wave be (£,i) travelling teo the right,
the raflected wave (£',i'}) travelling to the left, snd the
transpitted waves (E”,il"}. and {E".iz“) travelling towards

the right, The transmitted waves clearly have the same voltage
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@s'thay are in parailalb The relaticns ars given by epuations

(3.8,

£ = §i7
Efe w 32
"
B 5)" £y . .
F“ﬂ ’» ﬂ 52 . ’ " ’ . e R N :_ (3'6)

?he cursrent at the fork_must be agual to the current
lesving, =so that .
R L N ¥ . et

LR L [ - .y Lo ' - - - ' - . e
. - . 4 # - B Y - e RN - . ., .
e S : ! . PR R ‘7\ . . © g PR

e L e Aol LT : : -
_ The voltage st the Junctien-die” L - -~ 7" o

s m,a*} 3,;,‘; Seil . wem o ews (3.10) -

R : y - ‘g i T

P T I s |

These six aquatzuna are su Fflcient to Find E' ﬁ“pi 1’,11“, and

: i2” for an incidant wave ﬂf magnztuda £, Eubntitutmng fer tha
'currentﬁgan tgxmg ‘6f the vpltaga; we gen that equatinn {3.9)

. bacomes

B 2B 12y

adding this ta equatlmn {3, lﬁ} we get

2= i“{lyzlzl + ?/2 ).j

,'Sm theﬁ the'wsltage at the fork is’
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N

— -
—

The trensmitted curxrent are
L0 e Eh /2. end §am = B9/ Lo,
% = d ./ zlrang iy = & /_éZ'-

,.hx..,, .
wh;lst the zncidant surrant ia

ie "E/:Z.

he foflected yolteqs io

£ = € o g o HI/E = 1/0)- 1L
| L AUT e /2y 43/25)

eee T 13.12)

and the current is O

c e e e
e . St SRR .
RS _ o :

it = - E*Jz. It in saen that cha ra?lectad wnltage wive

PO
‘ i

P e o . e e e
/ — .‘ E'- /f"" N o T 4:" - "‘_"'"
-ig zerﬂ when | ‘g“f.;}fi L T L ARy
i - o, e —— E ] S et D N Q\{/ :\.’-. g
C e * - ‘-—.-»—- ~— S rne \-m e L, -

/2 e (12 + 12,

i'a.'theﬁ'the'naiallei combination of the gwrg@ impedances

of the uutgnxng lines at the fork is Pqu&l to the surge

£

e M e

impedaﬁcea of thn 1mn$ alanu uhich the incident wave travels,
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Description of difforent programmes and their results
axe shown in this chapter, First the value aof transmigsion snd
raflaction coefficients for forwsrd and backward moving wavas
for no loasd connected ars found out, Voltage wavs 8t different
nodes for stroke at other nodes are found and curves ore drawn,
For the study thes system ig considered as lossless and distor-
tion free, Single reflection is considered from sach node and
output print is taken at slternate micro-pecond, Study is mads
from 4,000 migrowgacends toa 10,000 micro-~smesnds but results
sre vsually shown uﬁﬁa 4,000 micro~seconds, The graphs ere
first plotted in large greph papers and then reducsd twice
by Pantograph end Xerox photocopy méchins-to the desirand size,

The computer progrsumes ere written in Fﬂﬁrﬁhﬂgiv 1anguagé and

run in [BM-360 computer,

The lightning surge is reprasented by & 1/50 wave
(Fig. 4.1) which sccording to the standard specifiasd in B.S,

923 is the standard wave,

The trensmission and reflection coafficients are found

for forwerd moving and bsckward moving waves, The programme
ie shown in Appendix-A {Progremme-~1), The nomenculture uged

for computer atudy io:
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Alpha = A = transmigsion coefficient for forward moving wave,
Bots = B = raflection coafficient for = forward moaving wave,
Gamma = G » transmigsion coefficient for backward moving wave,
Nmlte =« D « reflection coefficient for backward ooving wave,

4,3 Surgs Voltagse Wave at tode 2{Fenchuqgeni) for Stroke at
Hode 1l{S5ylhnat}.

Firat study is made for voltsgs build up st node 2{fenchuganj)
for stroke at nodes 1{Sylhet), Three sets of resulis are obtained
for no load condition, loasd at node G{Ghorasal) and lcad at
node lziﬁmptéi} ¢undition. Ragistive loade of 100 ohte {174 MVA)
at ﬂharnsél and Bﬂzohm (217,68 #VA) at Kaptai are considerad
one mt a time and the results are ahewé“Fig. 4,2, through
fig, 4.4, Esch figure contains three curves whers effect of
cangidering only one raflection from each node, considering
4 puccessive reflectionsfrum edjacent two nodes and affact of
two strokes of 500 micro-saconds interval at Sylhet are shown,

The progremme may be seen in Appendix-A (Programme HNo 2},

4,3,1 Surge Voltage Ygve at 8ll Nodes far Single Stroke wt
Hode 1(Sylhet)

investigation is made for possible voltage build up at
ell nodes of the aystem for a single stroke at node 1l{Sylhet),

A single programme is written (refer AppendixeA, Programwe No, 3)
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for this and flow diagrem is shown in Fig, 4,22, First computer
- print out is taken for 4,800 nicro-seconds for surge voltage
wava at esch node, but later voltasge wave resdings ars takasn
for only those nodes where build up possibility axist, Thres
gots of data are fed i,e, no-~lood condition, load at node
6{bhorasal) and load ot noda 12(Kaptair) cﬂﬁditimn. The surge
voltage wave pattsrng ere drawn and shown in Fig, 4,5 to

Fig., 4.9 angd fig, 4,18,

4.4 Surg Voltoge kpve st all ﬁodeﬁ far 3inq e 5 grnke at
Node 12(Kapiai)

A computer yragramma is develnped (rsfar Aopendix-A,
Progrerne no,4) for finding srge valtaqe wave at ciffersnt
nades for single gtroke st node 12{Haptai), 1o aorder to save
computer tine, check programee is run, where only functions
and corresponding times (rafsr page £5,, Chapter 3) are printed,
Finally volimge wave potterns ere drawn using programme no.6,
Study is made for no load condition, load connected at node
6{Ghoragal) and loed connectsd st node 12{Kaptai] condition,
Wave ghapes are drawn only for nodes where posaibility of

sppreciable voltege buildeup exist and sre shown in Fig, 4,12,
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4.5 Suryge Voltage woave at Adiacent liodes for Hingle Stroke at
Hoges 11(Chandranhona), T{S5iddhirgsni) ond O0{tomilla)

Functiona snd timas are caiculsted for sdjecent nodes
for stroke at node il(Chsndraghona), T{Siddhirganj} end
8(Comilla) by progrsmme no,5,.The funciions snd time ore
chacked whethe¥ any possibility of veltage build up exist
gng then these data are fed to programma no, S, The output is
the surge voltage wave shape data and these dots srca plotied
and shown in Figs, 4,11, 4,13 and 4,14, Thig study is also
mada for no load condition, loed at node $(Ghorasel), load

at node 1Z{Kaptai) conditieon,

-~

4.6 Rappated Lightning biroke of 500 snd 1500 Miggbngaccndé
interval

Study is elso mads for multicle stroke, as one thirpd

(8) angd tha maximum number

of pawsar system surges sre aultiple
of Ecmpﬂnents racorded isg 10, The time intsrval between
astrokes varieg between 0,060D5 snd 3,5 sacanéu. 40, two epirokes
of gane magnitudse (1 p,u.) end of S00 and 1500 micrs-seconds
interval are considersad to giudy the effect of nmultinle
otroke, From ths veluss of function asnd time at different
nodes { for stroke st other nodes) it could sasily bs estimoted

whether the tws stroke would add uvup, Then the data is fed

in prograume no,6 and surge voltage patterns ara drawn,
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4.7 Study of Losded System

Ugually surge voltage noaks ars danped when the system
is loaded, For this investigation, Jusds of difforent values
{in accordencs with sctual system load) are connected to all

nodes of the systen, The values of raesistive load at differsnt

nocdes, ares shown in Tabie 2,

' ‘ﬂé:artificial reactoxr of 4 milli-hengy is consﬁdagad
in line be%wéen Yllon and Tongi and with thig added value,
Xy ﬁgl? and 3 for node 14(Ullon) sre found aut. With this
new value, surge voltage wave at Ullon for stroke st different

nades is found oui,



Value of sesigtive load

TABLE « 2

24,38

1,3320

Valuefgf' inative load Volue of pogffigigqns ,

Nods in obhm gfﬁigafﬂvn Alpha Hata Ganms Delta
1 (sylhet) 3030 5,75 0.0 .0 1,7877 0.7877
2 (Fenchuganj)  BO66 2,16 0,9472 ~0,0528 0,9430 -0, 4259
3 {Szinangal) 3095 5,63 D.9472 ~0,0528 0,9430 -0,4259
4 {Shejibazaz) 5050 2.80 0,9605 ~0,0314 08,9720 ~0,0279
5 {Ashugonj) 1900 9,13 0,9199 -0,0809 0.9050 -0,0909
6 (Ghorssal) 825 21,13 0.8197 ~0,1803 0.8197 ~0,1803
7 (siddhirgenj) 174 100,25 0,3817 ~0,6180 04776 -0,5224
8 (Comilla) 955 18,25 ' 0.9534 ~0,0465 0. 7588 -0,2411
9 (Feni) 6050 2,88 0.9704 -0,0256 6,975 -0,0289
10 (Hadanhat) 603 25,68 0, 5529 ~03,8471 0,5563 ~0,4437
_11 {Chandraghona) 1467 11,88 0,8685 «0,1114 40,8936 -0, 1064

12 {Kaptai) 5808 3,00 1.8840 0.6840 0,0 6,0

13 {sikelbaha) 4356 4,00 1,8483 0,8483 0,0 0.0
14 {Ullon) 206 61,00 0,5654 -0, 4346 B.6G7S -0,3925

15 {Tongi) 715 0,3320 0,0 6.0

Ly
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Analysis of computer rssults aze ghown in this chapter,
For lightning stroke at different nodes the effect at other
naodes are explsined systematically. 1ln ansalysing the rssults

computer print cuts and check programmes are mostly consultad,

Fig, 4.2 through 4.4 show the surge voltage woave pattern
at node 2 (Fenchuganj) for lightning siroke at- node 1l{Sylhet),
The lightning surge appesrs undiminished {for no loed condition)
at 106 microsecands after the atroks st Sylhet, as thisg tice .
ia requiced for the wove to travel the digtance, Thes second
positive pesk appeara at 1873 micro-seconds after the stroke
at Sylhat with e magnitude of 0,98 p.u, This is the wsve which
is raflected from node 19 {Tongi)}, which is open circuited,

The athex positive and negative peaks ere of lowsr magnitude,

in fig. 4.2(b) the effect of tuﬁ lightning stokes of 500 micro~
aseconds interval is shown, The result is aleoet liner addition

of Fig., 4.2{e) wsves. There is no danger of build up a&s the
succassive strokes do not superimpoge one another, In fig.4.2(c)
the effect of considering four successive reflections from
adjacent two nodes is shown, In 8ll other studies only one
reflection from sach node is considered, in this study for

pach wava 8 successive reflections from adjscent two nodes are
congidered to obaerve whether any difference between consider-

ing only 1 xeflectiahw snd 4 reflections appesrs. It ie cbserved

Iz 4
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that there is actueslly no differsnce betwesn Fig, 4,2({a} and
4,2{c), This is bacouss successive reflectione diminigh. »* the
waghituds of the wave. As reflection and transmigsion coeffi-
cienta fur forward and backward soving waves are less than one,
theiy ﬁultiplicatian succesnively diminizh, =0 the total sffect

is same as for ong raflection,

The sffect of connecting & loed of 100 ohm st node
6{Ghorashal} is shown in Fig, 4,3{a), (b) and (e}, The first
peak remainsg unchanged but the second pesk becomes negetive
at 1327 micro-seconds after the stroke. Tha full lightning
surye was pasaing through nodg 6 when there was ng load connected,
a5 impedance of Asbuganj-Ghorasal (zsi gaction and Ghorasal -
Siddhirganj (Z.) saction were gsme. With load connected at
Ghorasel some portion of the indicant wave is raflected and
dﬁa to Qalue af coefficients it is negatiue‘ The effact-of
repeated stroke is like that of no load candition, Thare ig

also nu appreciasble change when 4 successive raflections ars

" gongiderad,

The effect of connecting & load of B0 ohm at node 12(Waptal. -
St is-shOun in Fig, 4.4(8), (b) and lc}. The nffect is
appfﬁzimately same 28 na load condition, This can be expleined
as = the wave returning from far end reduces %o zern before
it reaches Fenchuganj, so there is no appraciable change when
wa congidered a losd at far snd Kaptai, lhe wave shape is nama

ez no load condition,



0%

S.2 Analysis of Surqe Voltage -Sves at all Hodes for Single

Scroke &t Muggalgﬁgkhatl undar no lpad Londition,

- The surge voltage wavas at all nodes for aingle strokea

at node 1{Sylhat) undar no load condition srs ghown in fig,4.%
through 4,9, A¢ node 1l{Sylhet) ths first pesk is the replica

of lighining stroke ond sppears st zero time, Sacond positive
ﬁaak is the wave reflected froo open snd nade L5 {Tongi), The
magnituds is 0,97 p,u, and it appears st 1960 miczo sweonds
after the asiroke., This weve has pessed many tronsmission snd
raflecticn on its woey, but then siso its magnitude is 0,97 p.u.,
this ie because the voltagre doubles at open snd node Tongi,

The first negative pmak of 0,36 p.u. magnitudes ig the reflescted
wave from node 7{S%iddhirganji}. The othar raflactsd woves are
reflections from end nodes, i.s. nodes l0{fadanhst), 13(Sikalbaha),
12{Kaptai) respectively, The voltage wave at nods 2{Fenchuganj)
and node 3{urimangal) are almost identicsl but ghifted in timae,
Thig is because dtigtance betwean them ig 30,47 miles and travel

time g 1f4 micro meconds,

The surgme voltags wave pattern st noda 4(Shsjibazer) and
node S(Ashuganj) ie identical anﬁ anly s bit time ghified, The
firat pogitive pesk appoars at 393 microseconds after the
stroke and ths second positive peak at 1589 micrussconds and
it is the reflected wave from nade 15 {(Tongi)., The laet fwo
positive peak are from far end nodes, The wave at node S(Ashugenj)
ip identicol as Shejibozar., The wave pettorn at node 6{Ghoraassl)

is & bit different es twod peaks are closed togesther, The first
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peak appéans at Ti8 ricrossconds, The negative peak appenrs
at 1024 microseconds end igs the reflected congonanf fron node
7{Siddhirgenj). The next positive peak appears at 1264 microe-
seconds before reflected nagotive component diminighss, The
second positive peask is ths reflected campénant from open enc
node 15{Tongi), The next ssaller reflections ere from far end

t

nodes.

Interssting phenomena cccurs et node 7{Siddhirgenj). The
stroke at Sylhet ressppesrs at Siddhirganj at B71 microsesconds
after the stroke snd the magnitude is 0,62 p,u, The next peak
has & magnitude of 1,27 p,u, This is the cowponent reflectad
from opan end noda 19{Tongi)., At open end node Tongi the wave
returns witﬁ dﬁuble magnituhe sccording to the well-known
déubl;mgga, up of 8 voltage weve as it éﬁrihun the eﬁd";F an
dpen-circuiied line, The ather'ééves are reflected cﬁﬁpanent

from far end nodes, Tha gsurge weve at nous 8({Comille) snd node

9(Fans) sre nor e much significant,

At tladanhat the first pesk appesrs at 1634 microseconds
and has a value of 0,46 p,u, Hefors this wave venishes snaothear
wave reflectad from open end node 13(S5i2kalbeha) with o magnitude
ef U,23 p.u, returns then the.resultént magnituds bacomes
1,05 p.u, 8t 1726 wicroseconds, The -tkﬁéd peak has o vagnitude
of 0,92 p.u. At node 11 {Chandraghona) the pesks hsve magnitdde
of 0,46 p,u, and 0,98 p.u. No other reflection appesars within

4000 micro secondg, The . :: - higheat pesk at node 12{Kaptai)



is U.74 p.u. at 2323 nicros=conds, The peak is low as negaiive

coaponent is present st that instant,

There is no notaceable peak st node 13{Sikalbsha), Most
significant node is node 14(Ullon) and node 15(Tongi). At node

14{ii1lon) therae is a psak of 1,46 p,u, at 1060 micro aseconda

after the stroke at Sylhet, This peak is the supmation of

reflacted component from end node Tongi and node Siddhirganj,
The position and distance of node Ullon ig such that £t is

only 9.5 miles from fork node Siddhirganj and 12,8 niles from
open e=nd node Tongi, S0 it is moat dangerous nods in the system,
Tha peak value at node 15(Tongi} ig about 1,11 p,u., st L1l

micro saconds,

This study is performed for one load at s tine at nods

6{ Ghoresal} and node 12{Kaptai), Functions and tines are csl-
culsted and checksd, Only those curves are drawn where voltags

huild up poasibility was prosinent,

Firat let load st node S(Ghurasalllccnditicn ha digcussed,
when & load is connected st Ghorasel, the value of alpha, beta,

gamma and delta changes, The reeult ia change in tha shape and

raduction in magnitude of wavs at ell nodes, This ia Lecauss,

before any load canngcted at Ghorzsal, this section has a

matching, so full wave could pess pither direction without
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raefiection and facilitate build up, This reduces the magnitude

congiderably, e.g, voltage magnitude at node 1l4(Ullon) is

0.44 p,u, but at no load condition it was 1,46 p.u.

Whert 2 loed ie connected at node 12(Xspiai) thers is not
so much change in the wave shape at diffarent nodes. from
previous discussion in~bara 9.2 it is noted that reflected
component from node 12{Kaptei} has little significant in the
wave shaps at diffesrent nodes, Jue to losd st Kaptai the ref-
lected component becomes regative which sarlisr at no load
condition was positive and is reducad by about 68%, This effect

can be seen in Fig, 4,10{(e} and (b). The end portion of the

wove ia reduced and negative which was earlier positive (Fig.4.9(b)

" and (:)}{

5.3 Analysig of Surge Voltage Wovs pt all Nodes for Single
Stroke at hode 12\ Kaptaijunder different Load Conditions

The ragult of this study shows that therw is no eppreciable

chonce of voltage build up at any node mxcept at nede 13{Sikalbaha),
This is alst true for load at node 12{Kaptsi} and node 6{Ghorasal)
cendition, This is due to pystem configursiion, But there are
posibility of voltiage piling at node BEComilla).and 9{Feni) fox

repasted stroke of 1500 micro-seconds,

The second pesk in Fig, 4,12 is of cagnitude 1,28 p.u,’
This is becausms reflected companent from node 10{Nadanhat)
superinpose with incident component of node 13( %ikalbaha} for no

load at nodes 12{Xoptei) and 6{Lhorasal) conditions,
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%.,4 Apnalyais of Surge Voltage ®aove at Adjacent Hodeg for Sinale

Siroks 3t Node 1ll{Lhandreghona), T{Siddhiraenj) snd 8(Comilla)

Before writing the computer programme no,5(refer Appendix-d),
simple check up calculations are wade by electronic calculstor
to find the probable nodes for voltage build up under lightning
straoke at othey nadss. Hodes 11{ Chandraghons}, ?(ﬁiddhirganj)

and B8(Comille) ara selected Far the study,

For & single lightning stroke 2t node ll{Chendraghuna)
there ipg possibility of voltage build up at adjescent nodes
S(fcni), 10{Madanhat), 1l{Chandraghona) and 12{Keptai), This
happens bLecauss waves reflectsd from nearby open end nodes Kentai
and Sikalbaha add up, The peak value of voltage st nodes %{Fsni),
iﬂ{ﬁadanhat}, 11{ Chandraghona) and 12{Kagptai} sre 1,34 p.u,,
2,60 p,u,, 2,0 p,u, and 31,76 p,u, respectively, {nly the surge
voltege wave at node 10(Madanhal) <11 is shown in Fig, 4,11,
All the reflscted wave from open angd nodes 12{Kaptai) and 13{5ikal-
baha) add up with the transmitisd wave at node 10{Padanhat),
The peak of 2,60 p.u, occura at 249 microseconds after the
stroke at Chandraghona, Loading the system st node 6(Ghorasal)
changms the wave gshape at the nodes a bit bui the peak vaelue
tesains the game, This is becauss node 6(Ghorasal) is fer away
from tha nodes under study, Connecting 8 load 8t node 12(Kaptai)
danps the wave shape, Thig ig because the raflection coefficiant

at node 1Z2(Keptai) iag no longer 2 but laess than 1,

For a single lightning stroke at nodae 7(Siddhirganj) there
is pogsibility of voltage build up at adjacent nodes 7{Siddhirganj},
6{Ghorasel), B{Comille}, 14{Ullan) and 135(Tongi) under no load

and losd at nodes 6{Ghoraaal) and 12{Kaptei) conditions, Thig ie
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bocouse reflection from ovpen and node Tongi contributes mostly,
in Fig. 4,13 surgn voltege wave ot nede 14{Ullon} is ghown,

Tﬁs neak has 2 values of 2,21 p.u, &t 19) micro ssconds, which
is the superpcsition of reflected wave from nodo 15{Tongi) with

trancmitied wave from node 7{sSiddhirganj).

For a asingla lightning stroks at node 8(Lomilla) there
is possibility of voltage build up at some adjecent nodse under
no load and load st nodes 6{Ghorassl) and 12(Keptei) condition,
At nodes 8(Comills), 9{Feni) and T{siddhirganj) tha peasx values
are axound 1 p,u., foxr sll three ioad conditiong, At nodes
14{utlon) and 15{Tongi} the peek has a vslue of éround 2 p.u,
This can he explainad ss node 14(Ullon} in only 12,8 niles

sway from open eond node 15(Tongi).

5.5 Analygisg of Multiole Strokas at Diffsrent Npdes

From the analyais of function and time for all nodes for
stroke at different nodes it is observed that at some nodesg
possibility of voltage build up exist K if multiple lightning
stroke occur, Multiple {two} strokes of 500 and 150U microseconds

are congidered,

For multiple lightning atroke at node 1l{iylhet) thers isg
possibility of voltsge build up at node 6{Ghoragal) for no
load condition, The surge voltags wave at Ghorasal for 500 micre

seconds intervel is shoun in Fig, 4,15, The first stroke resaches
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Ghoragal st Ti6 micro seconds angd the reflacted wovs from open
end node Tongi reaches at 1262 nicro seconds with 1 p,u, and
(.99 p.u, magnitude respectiveiy, The second gtrzoke at SGD
nicro geconds after firpt stroke reachas Ghoragel st 1216 micro
seconda (716 + 500 & 1216) with . 1, p.u, magnizuds, This adde
up with the wave reflected from Tongi end the value reeches
1.51 p.u, nagnitude ot 1263 micro sscondas sfter the first
stroks., with load st node §{Ghorssal) there is no possibility
of build up, ¥ith load comnectsd st nods 1Z2{Keptai) the ref-
lacted wave Trom far end diminishes {Fig; 4,17} but the pmak
value remeins unchanged, This is becsuse far end nodes has
legs significaﬂt i,a, the wsve diminipghos much before it reaches
thas depirsd node, The wurge voltage wave at node I{ Srimasngal)
for repoated atrnkg of 1500 micro ssconds intsprval at nude
1(§ylh;t} undar iﬁgd at nnda;lzlﬁaptai} condition iz shown in

Fig. 4,16 , The pgesk hes o valuaz of 1,41 p.u, megnitude,

vith multiple stroke (1500 micro seconds interval) st
node 12(Keptai) theres iz possibility of voltags build up nodes
BiComilia) end 9(Feni) under no losd and load 8t node 12(Kaptai)
condition, In both conditionstha poek value (1,28 p.u,} remain:

the sswe but the weve shape is differant (Fig, 4.19 {a) and (b))},

For nultiple stroke at node ll(Chandraghone) thsre is no

poesibility of wvoltage build up Bt adjscent nodes,

For multiple .truke at node T{.iddhirganj} there is

voltage build up ot sdjacent nodes,
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for repesated stroks of 157 vicrdesssonds irlerval at
noda ¥ (Comilla) there is poseibilicy of voltage build up ot
nodes 7{Siddhirgani), 8{Comilla) and 9{Feni) for eall three
loed conditicns, In fig, 4.20 surge voltages at nods
T Siddhizrgenj) snd 8{lomills) are shown, Iin Fig, 4,21 surge

voltsge waves at nods G{Feni] iz ghown,

5.6 Analysis of Yully Losded System

The system is loaded according to loeds shnin in Table-2
(Page=47}, All the studiss are smade under this condition, The

sffecy is that peak volues st all the nodeg diminishes very much,

shan g artificisl reactor is connected in bastwaen node

14(Uilon] and nods 15{Tongi}, the possibility of voltage build
up does not change much, This ig because change in values of
tranemigsion and reflection coefficients are supersed by pra-

sgnce aof open end node 15(Yongi) only 12,8 miles away,
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6.1 Lonclugien

It ig obeerved from the srudy that for single lightning
stroke 8t snd node oylrnet there is possibility of mexinum voltage
built up at node Lilon for oo load es well as load at node

Kaptai,

For single lightning stroke at end onds Kaptsi there
is pomssibility eof uvoltage build up a8t node Sikalbsha for no load

82 well as load conditions ot bLhorsgal or Kaptsi,

vhen single lightning stroke st nodes Chandraghona,
Yiddhirganj end Eamiiia ore cnnéiderad there is posgaibility

of voltaga build up at nodes adjscent to thae digturbed node,

for repestad {two)l strokes of 500 micro seconds intarval
at and‘nudes Sylhet and Kaptsi there is pogsibility of voltagas
build up at nodes Ghoragal; fLomille snd Keptai respectively,
Thers is voltags build up pogsibility at nodes GChoresel, lomilla
end iillon for repested strokes of 150 micro seconds intarval
at npde Siddhirgenj. when there isg rapemeted stroke of 1500
micro seconds intarwval at node Lomilla thers is voltage build up

possibility at nodes Siddhirganj, Comilla end Feni,

¥hen loads are connectad 2t all nodes of the system,
the lightning stroke hes less significencs end voltage build up

posgibility diminishes appracishly,



8.2 tature lugrarel,  ovsg

fhm curile. shenomena of tronsients due to lightning
surges on Esxt v of Bangiadesh power system has bsen studied
by digital comput<r, «ime U¥ L% rosza are identified ee
dangerous points from operation point of view., This is the
second study on lightning surges and the firet time a digital
computer was used for lightning aurge study, This type of
study is very important fo powsr enginasry of the country as
lightning surge cauges & few major interruvptions each yeey
in £snt Grid during the ﬁansééq. Further, more datailed

computaer studiss mey be performed. Sope nf'theuareau

{1} Study of lightning surges on s power cystsm usinhg thrse

phase of trangmission line rather than single phaea,

{2} Study af switching trensients on s power syetem using
Bawley's Lattice fMtethod by digital computer, Switching

trangients may ba mimulmted by digital computer,

{3) Htudy of lightning curgss on a power system conaidering

machine (Generator) transients by digitsl computer,

{3) Study snd investigstion into the nsturs, wave shepe end

duration of lightning in Bangladesh,
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C PRUGRAMME NO. 1
¢ CALCULAT IDN OF C0~EEF[CIENT AAND 8.6 AMD D

ODIMENSION Z{14deALESEPL AU LY 30L9) 4Y(L3)
KEAGE Ly A0 ZE LYy 1= ke L 4)

1o FORMAT (TF16.3})
Dis 1S =131, 1%

Al TI=0.0
B{il=0 .0

Cll)QLl

O 20 =2y 14
ACE)= {2 2ZUTR /02810420 8~0 )

ge1i=A{1)~1.0
GUEI={ Zu¥ 2~ 1 HZ2UI-1142(1))
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00 25 leéy )3
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YAy 84V L 1009 YE 12)
N AT BATEIEYAS
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DE73={ ¥t ¥Y{ &) 13HHY
Al 0= {2 2¥({G) V2

LI Y(S =YL 10 12) 02
GLlO ke {a YL U}V

GOLO =YL 10 YES - Y I?HI\’Z
GO 30 I=1& 13

A IGO0
SlIl=allil+sa0

Gl Li=D. 0
35 B(1)=Cef)

B{15i= 2.0
Eili= 2.0

GE13)=2,0
D{1%= 2.0

NRITEL 3y 359
35 FURMAT (1bide 23%Xe* [P o S *ALPHA " 7Ry ‘BETA *yBX s "OANFAY JTX L *DELT AV}

WRITEC 3y 260 Te AL E)eBL Lol LT sRC1 ) o8 =L 41512
30 FORMAT(I1S 4F124¢8)

END
£/ OPT 10K L INK.L EST

77 EXEL FFORTRAR
/%

/7 EXEC LMKELT
/4 EXEC

P
{6




DELTA

{ ALP HA BE TA GAMNA +q
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£7 UPTTON L INKsL IST
7/ EXEC FPORTRAN

X PRUGRAMME RO« & ) o i .
L THANS LENT VOLTAGE AT NODE 2 FOR STROKE AT NCOE 1 UKDER CIFFERENY CONOIT JON

GIMENS ION AC 131 BU 151, GULESNDULTT LA TUIS) FFIIST 7 (40001 4 FFF 115,441,
1T RIS A BeRFL4CGQ]

READT e ITICITL I =101 )
L) READC L RO NCAC R de [ 1y 15)

READ(0s 3QIEB( 1 3¢ X 4y 1 T)
PEADEL 10 GE S ds im1,y 1 8)

READT T, IGIOT T, I, L5}
10 FOBMAT(8F 10461

Pl FORMAT(31%15)
ArAa=( 014 194

BBBs 6.072C14
WO 1.016€11

B0 80 I=1 440¢
BG- Fllin0.0

FFCII=B( 10500 TIRAC 7T
EF(21=AL2)

FFEIat 2xel )
Abep{ 21 =

GG= 140
BC 24 d=3, 11

AR=HATAT )
GC=0E* ai 1)

206 FEUIs)mARsCaap(iel)
FROI3=(FRCTTI*BLA3DD L L1)

FFCI4)=(FE(gImal 1ari/mqar
EF(IS1s (FFCEISGL 16 1%BL 15)%A (1400 /B L8}

g ThAMS [ENT ‘}‘DLTAGE‘ AT NGDE 1w FOR STROKE AT KODE OAKE
PO 8 K= 1y 15

N= JT K }
OO 831 Je= )y 304

552
Ke-AAANSS

Ye-ppgess
EX¥e EXP (X

53‘@0.0 )
IF(d W T aTHEXY2 B0 V)

VeV (EXI~EXY)
Mr il 49

81 FIMI=F(M14VEFF(K §
KRITEL 3y 38)

35 FOPMAT (IH 1, 50X, ' IRANSIENT VOLTAGE AT NODE Tut€¢/7/)
WRITE( 3 961 CUeFCdlal=1,4000,2}

36 FORMAT(SCE, FSadl _ ,.
¢ VOLTAGE WAVE AT NUDE Yw0 Wl 1M REPEATED STHCKE OF 500. MSECOND INT €AY AL

G0 27 I 1y 400¢C
23 RFLII=ECD]

00 24 1= 501, 4080
24 F{i3e FOII4RFL - £66)

CRRITECS 3T . , o .
37 FORMAT (lMly 3G, Y IRANSIENT VOLITAGE AT NUDE TWD WITH REPEATEE STROKE

LI OF %00 MICRO SECOND INTCRVALS//Y




WRITECS 14 M RoFLESpEm1s400C02)

3\

t TRANS TENT VOL TAGE A1 RUUE 18 W TH FOUR SUGCCESSIVE REFLECT [ONS

b

g4

I= iy 4€0 €

&4

FLI¥=RF(I)

0 42 = 1p 19

REECT,y 11=FE( 1I=0( 2)
BEFL 1y $)=80F€ (e 1 12BL 3)

RFF{ 1s 3V=RFF( 1y 21700 2]
RFE( e 4 IRREEL [y 3 I2B(3)

ISRICEEL
1R (de 2h= IT( 112928

JTe{ls 3i=fTRI I 2}

ITR ¢ Ly

41 IR K 3N+ 328

Ba

CONT INUE

0D 83 Ke fy 18

TPk EGa37 GO 10 €3
B0 B3 Ll d

e JTRIKSL | _
LEAM=3700) 14¢s 120,83

L 20
S§mg

o 83

Jde 1y 3440

Xee =hARESS
y==ERE®SE

ExXx= EXP LX)
EXY=(,4

IFIT oL T TIEXV=ENP( V)
VavOR {EXX~EXY)

M4

FAH = £ M JOVRREF{KsL l

B2

CONT INUE

WRITEL2e 281

38 FOPMATU ALy 30X, "IRANGIFNTY VOLTAGE AT NODE THEC WITH FQUR 5UC€§551VF
L RAFLECT IONSY /)

WRITEU3) 36H L, F( 1o I=1e 4QU0L2)

GO TG 11¢
)
I
/7 EXEC LRKEDY
/4 EXEC . _
18 a6 434 616 1420 1326 Lo3Z 7182 2500 3158 341 3558 3250 L1734 1874
Q40 04999518  1.0006657 €, 997114 1.003277 1.0 Ueb3IATHE 14113607
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1.000549 0.€66811 1,062834 Gu& Ge O ~ LeU3H918 U0 |
240 04600424 -6, 0CG048  Co 002885 =0 303277 €0 ~0 209807 -0 W LIB60Y
0.00G349 ~8,32819¢ €.002834 O ( T 2.0 0.035514 2.0
0 50 0.956876 3.000657 0.997L14 14003277 0.356918 0.631673 14113607
U.999%50 QeCOIE8T Q.997165 0a0 0« G 0a964086 0u0
P15 -3, 600425 £.0860687 ~0. 002886 0. Q03277 ~0.643D82 -0.3068126 ©.113607
~0e000550 ~Ce2217113 ~GaUCIB3T 240 Z2e 0 ~Ge035916 2.0 _
Qo0 14006424 €.999342 1o00288% Ga996723 - 0.3%6918 0.780193 0.846393
1.000849 (.4e6811 T.082834 (a( 0. 0 — 1.03591% 0.0 .
440 0000828 ~0,000656  Go (02885 ~0. 003277 =0.643082 ~0.209807 -0.1L3607
0.0G0%49 -G433719C €.002e34 C. € 2e 0 B.035914 2.0
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FORTRAN IV 36{N-FO-479 36 HAL RPG M 4T E

16/05%/719

TIME

i

-
da

G

PRDCRRHH& NOe 3

¢ CAaLCULATION OF NBLThGL KAVE AT DIEFERENT KODES wWITH SINGLE STRUKE
¢ AT NUDE DNE
i k DIMENSION ACLS) BUL5) sGUEST O tLT) pI Y (L5} 4 FFLLS )y STCInbe FRT{IED
IEFLCC LS oI TR LS oI FLGLLES) HF (6000) :
' e REAODCLe 12X LD 51 =l 22 &)
¥ READE Lo LOJACE) oI #1 415}
4 READ( L+ AGI(BLTY ol ©1 41 5)
1 4 READL g 2OMGU LY of 2 415}
) REAGC Lo LCLBOE L) of »l 51 5)
7 1¢ FORMA T GF1 Qa &)
a 11 FORMA T LALS)
4 ARd=Es 14199
3} Beb=h. 073014
1 VD« 1. 016611
¢ EUC TIDN AKD FIME CALCULATEI OGN FOR NODE (NE
2 NODE® §
3 FE(Ii=].0
4 FEL2I=B( 2)
6 GG= 1.0
7 DO 3G T=24id
8 AAeiasal 1}
3 GaeGG=GL 1
) 48 PR(Xell=ApARGGaB(IvlY
4 EFLID={FF{LIISBLL2)E /BLLL)
2 FEL1a)=CFEC OB LAl Y /B LS -
] FFELLE)Y={FFL @ !*A(:&:va‘tfltstlatlzalaa
4 [1(1)=¢
5 1T 28=2%JT0 1}
i) DR 3% 123412
1 3 I UL TI-114294T(1~1)
& I 13i=1 J{1Q)e22 080025
9 IV {413 T1e2ed Ll
3 (R{BLILIR(BCIL YL NI L]
il G0 10 a0d
” EUNC TION AND TIME CALCULATICN FOR Hﬂﬂﬁ TWo
g T EQY BROLYsBCR2IML L) sl 2} .
g 3 FEL aixal 2)
¥, 4 FR( )l 2) 43 3)
) AAAl 2)
% ) GGetaC
¥ RO 20 I=mAgl[
B AA=AASAL L)
59 _ GOegGeGl L)
] € FRUT#RI=ARRGEAE (4 L)
ot § EFQ A= FECILIIMEI3)) BLLL)
. ER(I4)=(PFF{ g} (k%)Y 7008}
) FELIS)=tFEC8)26( 0115 %a(1as) /0(6)
c FUsC TION AND TIME CALCULATI ON FOR NODE THREE TO ELEVER
L) [F{RGDE=2) 16221024103
. 103 EF(NODEY L. ¢
" O 23 J=24KOBE
27 ¢3 FR{NOOQEI=FF{NGODE ) 84t J)




3"
ORTHEN IV 240N~F0~ 415 8- & MAT KOG M QAT E 162057 T8 TiME 13e%

EF(HODES L) =Fi (ROUEY 0 {NODES L)

KeNODE+2
DY 24 l=Ky)l2-

IF(1.6Q, 7) GO 10 118 | ;
FECLISEFFLL=1)#A(I~13 sBUIIBEA=L})/B(I~1)

GO IO 24 u
118 FR( 2i=FF R 4G HODED

R D Rl STRE LW SN oy~ o)

24 CONTINUE
FECRDDE- l)ﬂ?ﬁtwﬁﬂﬂiﬁﬁimﬁnt}lﬁthﬂﬂﬁ*li

L=NOBE~2
DO 24 Je=ieb

]

CIENUDE-L=J |
EFP( L LB 50 Gu ¥ Lld

FFt!lm(Ff(£+L}¢Git+it*54!5&A€£+Lllfﬁii+kl
GO ¥ 2%

116 {FIKUDE-TIETL4L7L 118
118 GA=1.4]

LY. DR - L
ot
pay
o

GDA=GL 61901 8) 2AL 4)
G0 Yo 420

116 00 & 1=6,NODE
§ GA=GLI~11M(1~1)

12¢ FF{ Sh=FF{NODE I BL NODE 1 SDAGA
24 CUNTINUE -

cqhar iR Ayt

IFINGDE-10) 201,201 202
208 FFEL=(FELLILISBLDD) J5CL)

Go To 20% S
202 PRE1I31=(FR{IOYHOE LU SDE 130 2211033 /D(LGY

205 [FINODE- 11 20642064207
20¢ PECI4Y=(FEC 8)SBL4)1 /6L 8D

VLS AEECNTY: WS- O LN

FE{LSI={FFRU G SG( 1A SR I1S1 9AL14) ) /84¢B)
GO 10 1492

2€T FROLGIeAPF( I oG T s La #A(THI /D)
FEC1I9Y=lFR{ 141260 1o 20 {15 sALiR) Y 70 (1ed

LS

3 TIME CALCULATION FCR NODE Twil 1O BLEVAN
102 EUNGOE) =g

L0081
DG 24 gofol

e

28 FYINCGDE =TI TCNODES ST N
K=NODE+)

00 21 14Kekd |
41 1A= T~ 1) eE 0 d L -1)

MeNUDE~ 1
DO 26 Jel o

~ {eNODE+ L= J
a8 zT¢x~1:a17(1:ean41¢i )

FH 3=l 0000429470 12)
10 148=1 ¥ 7Yz Tila)

L LR R = TR I ke

TTC L=l Tt Lal+2o)(1%)

C SEPARATE STORAGE FOKk NODE 7 AMND B0 FF'S ARD T IME
IF{HODE=- 72600,308 ,303

303 LECNODE~10) 6C0,302,600)
B8 DD 841 1,198 ,
FEIC =R F{T)

vt [ AT v

61 TYMLI=LULY
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KORTHAN 1V J6CN~FO-479 3-¢ MAT NPGH LAY & (/05279 TIME 15,7
g _GB 0 6Qg
i 802 OO 962 (=115
" FFIdt IIGHEE il
3 42 10 der LY
4 a0 10 &4¢
£ EONC YIDN ARD TIME CALLULATICR FOK NQGL THELWVE
] 14% NODsNODE~1)Y
N GO T (1GO107,108,L0% 1100 sNEU
7 b6 FRECLI2=AL 2) M3 *A(4) sA(B)eala) pA () # A8 I AR IR AL LG IRACLT)
2] FFilﬁl”Ffflai*B(IZD*hfill
] pa ’3 J*lviﬂ .
‘ ' e bi-J 5

£ .E0L.98 GO Y0 Bﬁﬁ _
B FRLSInAFFI T4 LI%GUE+ L) SB (T %A (LD /7 0(E*1)
¥ 6o o 32
3
3
3

ACG FE(S)=RF( &)

15 CONTINUE
FROIBISEFFEICI =G 10V #D(13) 2A (10} ) /D {10}
FECLAY={FFL TP G0 7Y SDC Lo b *AtT) 1 /DTS

‘ - FECESI=(FF( 149G 1a) $DILB) YA (1411 /7D (14)
u 1161)ag
' PG 32 I=2sl2

23 INDI=I -1+ JEi=-1})

: DU 34 Jxi,1l
i l=j2-J

- 34 ML=l E+10+200T0 1)
; P14 130=1 W 10i+2947012)
P10 343=1 T 714233 L3
IS EI R RIS TI LY L ALY
G0 W &0¢
____PUNCTIDN AND YTIME DALCULATEI ON FOR KOOE THIRYEEN
4¢ FE{Id=FFLOLL)
FECLMYSFFELLIAGILO)
FEL12)=FF¢ L) oGL10)
% FRECL3)eFE(2Q)
DO 4% 1nleid
‘ 41 i!(llw!?Iﬁ(ii*?¢41(125
: GO 10 &4¢
€ FEWNCTION aND Tiwsh CALCULATI ON FOUR NCUE FOURYEEN
I¢e OO0 54 1=bs7% '
¢ FR{II=FF LY 14)
Lo 41 i=@,13
1 FROLY=FF L H4G4 THAC(14)
FEL 3= FE I 14 va {14} } 7E(14)
' FELLE =PRI 180 £G( 14)
L O 52 i=1,413 _
£ IT(id=R T be24gy( L3}
RO TTIDG N BTN REY
zztnblxt17ttﬁi—47(131
g0 1 &0d
¢ FUNC TIGN AND TIHE CALCU&A?!GN FGR NCDE £IFT EEN
369 OO €€ 1=3419
' 60 EF(TI=ERLLY




cORTRAN IV J6CN=F0-~479 2=4 #AT NPG ¥

_ : 5
DATE . 16/05/7% TIME ~ $3.°8

00 _é1 I=bel4

a1

[T U= TUI )+ 22J7( )4)
iA=L T N+JT( 131+ dT(14)

&0¢
g4

DO &4 I=1,6000
E(1)ed.0

B &3 Kel4slh
Q=48 SI FFIK) )

1F(Q~0.0C1) 83 ,.083,02

i NeiltK) -

L PN e R/ PR~ Ll e g

Q0 83 Jﬂlsﬂﬁﬂ
$8=d

Im~RAAWSS
Ye=-BAR#S S

E S AnE WP { ) -
EX¥a0.0

TFP{J ol Yo TRE XY=E XP( V)
V*VB‘(Eﬂ!—E!Vl,f

HeN+d
F{MIQF(H3+V*PFt&i

T CONTINVE 77

MR I TEL 3,y 38) NGBE

3¢

FORMAT(O LML 30X s TRANSIERY VOLTAGE AT NODE'1¢//)

M= TIRODED

e ST, W A T . g e pChoa SRITINS

34

KRITE( 339 (1 aF 1) o1 28,5000 62}

EURRA TL 9 15 oF 9o %) §

[P

304

NCDEsNODE+)L
IF{RAGE=-2) 641 46 €1 ,603

L]

IF{NUDE~ 12}103;195,105
CALL EXT1Y

iig

END




FURTR A

. QF

IV _3460H~F0~479 3-8 BAT NEGM gt g lo/0%/79 tIME 13

#

PROGRAHME N, 4%

C
C

CALCULA TIDN GF VOLYAGE WAVE AT DIFFERENT NOGES wiThH SINCGLE SYRUKE
AT NGDE TWELVE

—

DIMEN SION AL15) BC15) HOLSY 4D (L5 ITILS) o CF LS4 T (141 FET( 290,
IFFIOL15) , 8 F7( 150 o1 710415)

READE Ly LLICJTCE F ol ¢k 2l 4)
READC1s 8 OIUACED o1 %) 43 5)

READ( T4 LO1(BUTY ol 51 416)
READG 1oL QV4GE L) of 2l 41 51

READC Ly 20X D( L) 41 w1 41 %)
FURMA Tt 8P 1 0. &)

FORMATL 1AL S)
FUC TION CALCULA?IOH FOR NGDE 1 TO 10

£04

NODE=1
FF{NDDE ) =1, 6

20

G0 20 {=NODE ¢10 —
FELNODE ) #FF (NUDE ) 4G (41}

FPINODE+ L1=FF(NGDE) *D{ NODE] #R INQDE+ L)
K=NOOL+ 2

00 21 1=K412
IF{ T.EQ. 7160 T0 S

FF(lintffil-ll*A(l-ll‘&(ll*b(i-llllﬁﬂl “1}
GO YW 2t

LK L ST o =i BT L LR Y el Ov 1 B b

N

IFINDDE«GT. LIGO 10 &
FEL D=FFINDDCYIPI(L) SAC2) 2A(3) #ACR ) *A{S) 2 (6 ) GET IX GO 1R GIB Y Gl 4l

1GL 218G 2)
GO Y0 21

e

B

FFETI=IFECT) WD INCOEDY ) /(G RODE) *ACNODE) *C {NOLEI® T (NDUE~]1) }
CON TINUE

IF(NDOE .EQs 176G 70 25 _ _
FECNODE~ 1) =F§ { NODE ) ¥6 I NODE) *D (NODE~L) *4 {NOGED

IF(NODE .EQ. 23G0 10 25
L=NODE~ 2

D0 24 lelel
JENDDE~J= ]

IF1JERL 560 1D 23
FF(JiﬂIFFlJ*l)GG(J+li4D{gl*A(J*lil/D{Jt1)

23

6010 24 ]
FE{ S)oFF{ 5) sa{ NODE )

24
25

CONTINGE
FE{LS)e(FF( LN en(131) i)

A6 ¢

TFINGDE~ 102664206 4207
FE(La)=(FO( 8) 63 16) ) /80 8)

FECLI el FECRISGI14) #D(LS) »ALL41) /648)
GO0 14g2

267

FROLAI=(FF( TE9GC T 9D (14 #ACTEY /04T
FECLOM{FP{ 141 SCCL4) #DLL5) #AL16) ) /D L1 G

102

TIME CALCULAYION FCR NODE L TC 10
LYNUDE =

3¢

0 24 I=NODE 1L
fT(HGSED‘I?(NGﬂEi+JTII]

KeROEDE+ )
DO 31 I=K,12

il

lTiIl“iTiI*ll*Eﬁthlhli




IS

?DR?R&N 1V J60N-FO~429 2-4 KAL PG M : DAT & L6/05/79 ¥ IMNE 13,
IF{NODELEQL LIGY T4 23
M=NODE~ 1
D 22 Juw]l .M s
1=RODE+ =Y

32 {T0i=~1i=1 Wided™iTii—-0)

23 IMID=1 2o 2w g T 12
10 14)=X 90 The20dT0130
T E9)) Tt Lade 2o jTL L4 ,

C SEPARATE STORAGE FOR WODE 7 AND LG FFYS ARY Y EME

~ IFINODE= T1500,381 4303

393 IF{NODE~30Q) 500,302,500
391 00 HGL I=1,15
FENII=FF{{)
03 1THLI=L W)
GO 1 50¢
304 00 5C2 1=1elS
FELOCTImEF()
£¢2 THidtli=l )
Gl 10 %0¢ , _
C FINCTION AND JIME CALCULATEI OGN FOR NODE 1t
- 104 NOD=RODE~10
GO YO (108106 107 ,108,109,110) 4HQD
105 PREitl=le0 ,
FECLZI=0( 1l eB{18)
FECICI=GLLLImDCITeALL)
D0 40 J=ly9 :
Iz L G-
IFCLLED. 50 GO YO 206 . _
FECIIat FREI€LICGEI+1) D Ui ®a (T2} 370001
GO 10 440
268 FR{SI=CULLI)SGULUIPGISI NGB #a (7 20 (6 40 (B e Ao inAlTIBALL ALY I1RA
RIRLELIYEUN)

40 CONTINUE , . _
FROLAI={FFCLOICGLRIOI sD 23] A 20N 70 A1
FELIAI={ER{ I AL 7L 1a) ®ALTY)/0LT)
FECI9)al PR 143 *G( R4l R {15) #Aa014F /7D (L4)

i G{ESVENE{G V!
R TICE LR TENY)
00 4] Jeleld
I=ll- .

4F IV p=1til+i}e2 40701
FH AN 1LY+ 200%(12)

R {NLIEIR (MY LERIBY )
FTCLSE=1 Y0 14be 24000 14)
60 10 Sdq. ‘
€ EUNCTION AND YIME CALCULATION FUR NODE 12
106 £332y=0
KT TACFEIRIEYY
0D 91 iei,4¢

ST ERII=I VT dedT0 11}

ctoJ (T , k
c FUNCTION AMD TIME CALCUTIGN FCR NOOE 13
3 167 00 66 1e1,15
o 6¢ FF(1I=FFREQLL)

oLk D0 RE PSR a ey SR R D Tor Do v it OR g ] wi e bl we |G 2|08

B RN B

o B e ke B T TN

e LLVEE .




16/05/79 TimeE

84

1382

SRTRAN 1V J6ON-Fli-435 3= HALNPGH DATE

FE(ELI=FRE 3 0) 65 Q)

FE(12)=FFL121%G(10)
FRCAB)=FFL) O)

&1

D0 €1 I#1,153 - )
[T¢E)=1 310t 1)+2%g8(12) '

GU T sad

1ce
¢

FURC 10 AND TIME CALCULATION FLR in
B0 16 I=1s7 , I
FFCEMSFE T E%a( 14)

=

i1

DU 1 I=8,13
EELL)eFF TG0 ) 9G(14)

FFULAT=(FF 70 L&) %A (L4) 1 /B (147
FECLEI=FE TULS) AGC L4

0O 32 I=1y13
ETE =3 TH L e223 00150

LI E4I=1 X 14D~ dTLL3)
EHIG=F T L5)~ 37413}

| {aed

GO 19 400
FUNC TION AND YIME CAlCUYEON FCR NODE 15

169
84

00 8¢ I=1415
FELI)=FFLT ]

81

DO 81 1=1,14
U LIRIRREFERRINLY

£a¢

T A5 T I+ T 131 ¢ JT(14)
WR T 1E( 3, 35) NODE

35

FORMATL Z7/30X, *FUNC I LN ARD TI®E AT NJOB* 14/ /)

WREITEC e 30ICE SPEC(T) 58 TUE) of @1 415}

26
ice

FORMATC AL LL1C,F 1 Ca 8,01 00
NODE RO E L

643

TFUNDDEG~ 101 LCL 101 4603
IF(NDDE (L T 17360 10 104

114

CALL EXtY
END




NRTRAN IV J6N-FO~-479 36

MAL NPG H

DATE

16705479

TINE

Qo

1344

¢

PROGEBAMME K, &

R”

C

CALCULA TION OF FUNCTYLUON &HD TINE AT ACJACERT NOCE FORA STROKE AT

RODE 11,7 AND 8

Dl%ﬁﬁﬁiﬂM ACLS) B ULSY 26 (E5) 4D CLE) »JT (A8 o FELLOH I L1600 IV TL LN Y,
IFFI( 15}

LY ﬂl_llﬁi
el =1 4153

READ{ L1100 JT
Rﬁh&(lglﬂ)(&(

Ixl, 15}
Rﬁﬂﬁlislﬂltbi

(f
1}
READC 1, LOMUBLIY o
) 1) s1 =t 4151
READE Ly LOMODCE ) of %1 21 %)

FURMA T 141 9}

FORMATLBFL0.6) __ ‘
SYROKE A ¥ NOGDE_11(CHA N RAGH ONAY

CALCULA TION FOR nODE 9
NODE= 9

FECBi=6( LU $G( 9 4D {8 #a (D)
FE{S)=pl 30)

FFLIGI=GU1CIA(9) sl O}

FFtlii&iFFilﬂl*h(k@?*ﬁiiii*Gt!ﬁlllﬁfl@?

FROLZIm(FEL LRI WAL ALLISREL2) G 2L} /7B (L1}

FREELII=CFEERANRBL1R)) /BALEY

FECLOIALLEISBOLI2)26(11) 26 (10}
M=

T 9)=d 7RG+ 3T 9)

3t

i =l (=2 4240% (103
T ai=F T 9)e2nd1(22}

=g
GO 10 100

"

A€ NUDE=1¢

CALCULATION FGR NLQE 19

FECSI=GL 1C D€ 92 oA (LG
FE(IG)=1e @

FECLLI=DE LGEoB (1)

FE(LZD=DL 2O wAl 12958320 SG(LLY

EEL3eGe LGV L3RG
(AR YL IR AN ARG

M=g
131 6)=s 301 0)

T EE I TN
1¥¢ 328 FOL1I+20gT01ND

ITHIE) =1 T L2) =290V L0}
N=9

G0 1o 140Q _
CALLCULA TEON FOR NODE 11

11t

NODE=11
FROGY=( LQI*0 (S *ALLG) A LEL)

FECIGI=DLiGeA( 1Y)
FE(Iad=a113)

FRLIGI=Aal 2L SB(12) .
FECE2I=GL LoD I3 #Al10) 3A(1T)

FELLS)=0.C
M=g

ET(11i=0




al
L}

BOS FURTRAN IV 36CN-FD-439 3-6 81 NPG M | DATE  16/8%5/19

T im

Ou4at [ 12 =202 7C L))
DO 48 F3 301 = 240701 G)
B 49 P 18)=] YL Q)
Q0 5y Mg :
Gosi GU_ W 1460 _

C  CALCULATIDN FOR NUDE 12
Y 1i2 NODE=12
FREE] BECLObeAl LRI #BE L2 SGT1E ) *DLLOF#AL11)
G154 EF{IId=Al L) #a{ 10 a0(11)
Guss SIREFIEI YR TV
QB ss FR{Z3)s{FRULQIAGLEQ a0 (1B »2 (10N /D¢
QL s? FR{TOI=GCLOI AL )L
(Y] Me g
pose R INYICELNEIEEY)
GOy FI18¥=d T 11}
Qual TTCL6 2oy Tt LG+ dT( 4L}
Hoed Nw g |

[ CUMKOM FUNG TION aND TIME GALCULATION
Duod LUl DL 28 I=mlaim.
SOG4 e T O _
OGias IF{J«ER. 5160 10 9 &
GU6G FROJI(FFRC S+ 139G Je L) s { N wAT e LY B /0 L1 )
0467 60 L 2¢ ‘
Oy o O FELCEI={FE( Th9L0 TG (&) #DE5) A (6) sAL7) 37 01T
Ot 9 2¢ CON YINUE
3074 FELIa={FEC TINGL T DL 1A 94t Ty 1704
G713 FR{ LS FRLLOY 2L 1o w8 oAlta) Y ) &)
GeT 2 DO 31 lwleM
Ggari RLIi RS Sl |
Dis7ea 21 1Yt A)=] Te deid 24000 J)
U785 [V 18)=3 T 1GI+ 204V R2)
DTS T adel YT 2447013)
Guz? AW CIEIR{STIEFEFR(FLY)
oure HWRITE( 3¢ 35 HRODE
gure 35 FUORKMATU /20X W UNC YION AND Y1 06 AT KOOE*{&/ 1}
Glaf HRI TR 3¢42600T oFFOLT &I TUI) o) =1 4186}
DOE | A% FURMATIBE1IC,FLga54110)
D682 KOU=NDDE- 8 ,
GOE3 GO I3 dell) 920242190 0D

¢ STROKE AY NODE 7t SIDDHERGANG)

[ CALCULAYIOR FOR NODE 7
uoag 153 NODE=YT
G084 FrtI3=1.0
DOse FEC8)=n( 8
uUbsT PECYI=A{ B e S #G (&)
UL FEQ&run( &) _ _
GGE9 PE{SinGl e 2h( B) sa ) »&( )
LT 00 4G L=le4 ‘
o4 4G FOC LYol FR( oL I oGEI+T) S ¢R ) ACTLL N/ UI+)Y
g0y 2 pO 41 iniCel2
%3 4 Frilan(FrE =13 0A0T~1) *BLL) SGET~R03/OLT~]}
BU94 FREIAI={FFROLOI2AL LGB L2 MG (LU /B0
S04 8 FE{L4)=D( L) sat T
GOB 4 FRLLS =60 L4l 3DL 19) *AL14) 2A(T?




6708779

EyZ

COS EORTAAN IV Jo6ON-F(~479 36 ' MAL NPG M UAT & T I
_Gout LR V=g
G056 11(a;u2w41¢?;

{0949 0BG 48 129,12

G Lo 47 ET413=l T E~-10420807 0 ~1)

0i01l 1 €3=2%3 YL &}

002 DO 43 InleS

Bivd D Rl el -

0 L 4 43 TX(Si=1T0Je il e2970

G lus IH 13)=1I Y RO+ 200712}

Gi0s 14l T 73420001 3)

0107 I RISSIEIR{BTILLERIRLY)

GYPE B0 44 I=leld

Qe FEMLI=FELT)

0110 G4 1T II=TTLS

Glil WA { JE4 3, 35)NODE _ 4

BLLe WRITEC Ay 3600 T oFF (1) of TEY D ol =1 419}
CALELLATION FOR nODE 6

iy MODE=&

Yii4 Fr{a)wle

TR FEL Th=00 o) ei( 7}

D1is O 90 I=1.9

GLr? 80 FFCI)aFE ML 284 T)

0ils DU 51 I=8,13

DLE9 81 FROEI=FE U LIsGL D)

0120 RO 82 §=14sl8

DAz} §2 FF{I)a(FRICLIAC( 711 /AL

0i2z PICE=Jd 1{ &4}

@123 1L 71=2%] 3t 6)

Glz24 DO 83 I=1,%

0izs 3 IHII=LTH I~ 6)

Q126 D "¢ Jaufelh

ULaT 54 1M II=ITHII+d8)

0128 WRIIEL 2, 45 NODE

P12Y KRITEL 3¢ 36301 oFFLL) 4l TOY) ok ﬂi 18}
CALCVLATION FOK NODE &

0L NQDE™ & )

S B3 D0 &0 Y=i.%

0132 8¢ FEL LIsFE L) snt £)

9183 D 6) I=8y13

0134 41 FECT)=FETLE /6L 8)

G134 DD 43 §=14,13

01k6 é2 EF(1¥sFE U LY ea( a)

G137 ST FLNE (W]

FYED 00 62 Inle?

0149 43 T Il T i+ JTtL D)

U gt 00 64 128413

Gial 64 1M LI=ETUII~dTLT)

0142 o0 es 114419

Oi43 65 IV NIsT ¥ M1+ d30T)

O req KR} IE 34 FEINCDE . _

G145 WEITE( 3 3680F FFLEN SETUR Y o =] 15)
CALCULATION FOR NODE 14

Giae NGDE=]4

D147 DU ¢ I=led




_GOS FORYRAN IV 36CN~FU-479 3-6 MAL KNP M oMt

6/056/7179

93

134

ULof

T4 PR IIaPE 701 ) g 14)

D49 FEC 11200 141 M THSG(14)
P1s0 DD L Isgu,ia
Uing T2 FECQI=FF H L PG 719G (1 &)
Disg FELLa1=GL 3%) ,
5i%3 FRUAII =G L4) 9D(15)
154 B0 12 I=1.13
w155 T3 IHII=ITH ey T(13)
(158 P10 do ATt L3}
D157 FHObad=d 80 12)
g 159 FICbSbel TUlade2 gl ie)
0159 WRETEL By 35INODE
6 160 WRETES 3236000 oFF{E) of Y01 41 61 4151
C CALCULA TION FOR NODE 15
8381l HODE= LS
U1b2 DG 8L islyl4
163 81 FWIt=iT{1iedT{ka)
Gleq P LG)I=3 131+ 4T 14)
0169 WRLYEL 34 STINCDE
FEY) WRETEC 30560 UT oFFUTY o1 TET ) o1 o o154
¢ STROKE AT NGDE s{COM LLA)
- L CALCULATION FOR NUDE B
BL6T NORE=§
0loy FFiéI*l-&
Y loy EFf grenf e}
G170 FEC T Thoal §)
GErl FECEHaGE T 60 AL T %A (8)
BEYE: FEC S a0f 714G G #D{ 51 24(6) 9a(T7} $A{A)
GLYS GO 9¢ 1=1e4
0174 Jw 8- _
BN GC Fr{gl={Fr{deld oGl Jo i} DL J) safJeidd/sn{Jed)
Bi7& FREGGI=BL S oB L LOY #G( 9)
Lir? §c 61 I=1).12 ,
B17e 9 FHEOIIe(FFLI=~1) MALE~1)Y (oG {[~1)15/0B¢{1~1}
Gire ER{130e(FRLACI ML LOISB (1) 2 (IO /7B ULG)
g18u FELEal=GLTIm(14) #alT) sa(p) _
D1ni FE{LS)m(FF(36) %G( 3a) oD{)15) 2A{L4) D /0{i4)
Giga2 11{ £=¢ : '
g8l FTL 9¥=29 3% &)
piad4 I Tre2mgi 7}
019 Ne=§
o ias GO o 124
¢ CALCULA TEON FOR NEDE 9
Gluv 132 NODE= ¢ '
TRy D0 1260 1=1415
GLa9 120 eF(EI=Fr{] Soa( )
g 190 FELBI=0C 94D 81 A (D
G HEIEYETE
gira B0 321 {=iQ,13
G193 FIL FEUII=ERLEY HG(F) wa ()
L 1%4 RIRILIRIN T
8195 FUCgi=3+47L £Y
_ G19¢ Ne 7
YTE] GO 10 1294




£0% FURTRAN IV 360N~

FO-419 3-& Mol WPGEH . naAT E

16405719

C C LOMMON CALCULATION FOR NODE 8 AND 9
gi1ve 129 DO L3C 121K
0199 JrN4+fe ]
20 £30 1Tl Va1 e2 0070 00
DO - po 131 [=iQ.12
feud 131 P TNUI~1e20dT00~10
023 190 233=1 1100020470020 ~
G204 TH 4= U 714299701 3)
G255 1T 1sisr flha)eZ2oil 14}
[FROY Wi [ TEC 34 35INOBDE
o2ed WRETECH, aalcz.rsiiisthiy.Iui.l 1
D2uH TF(RODELER SIG0 10 140
G 2uy GO 142
C CALCULA T1ON FOR NODE 7
B210 148 RUDEST
025t FRLTI=Le
Ddid FE{ 8= 1) =0 &)
gata FE(G)=A{ 9) «G{ §} _
214 FEC10M=AL SISEL 10N 4G9 G (8]
Gais DO 141 1=l 82 , _
U2le 148 BROII=(FFUI~1Isa0 -1 Mgl snei-tid/sgti-1)
BaLT . FRUISI=(PREIOY faC 1Oy M3 13 oG i i 78 QL0
yaia DO 142 1=14,15 |
G2L% 142 FE{II=ER(TIY AL B 94 (9))
g 220 FELEN=GL FI3nL G sAL T)
034l FEL SimBGl P3G &) #D{ S) (&) 2ALT )
3222 DU_143 1214
5223 FEEE
0224 143 fFlJl*(FP(J+1l$G{J*Il#ﬁldl*h(d&l!lfﬂ(d+l!
229 THII=JTCY
LEdé [ gd=a0 g1 1)
Oza7 SIS IEEL D
Q228 DO 144 I=iC0.12
V229 144 1T{L)=tTe1-43+29001~1)
023 1T &=223T 83+ JUT)
#2315 00 145 [=1l,.8
G233 Jm g ]
G233 14¢ IT(J)m111J+£)¢E¢J1tJi
FEL T E3e) T L GY429d2(12)
G35 FI034)=3 T8 T3 20970 13)
w236 1T i8)=2 T 1) w20 d T2}
2237 WL TEL 34 3SINODE . o
g2ia WRITEC 3936068 oFFETD of TC1 3 oI =1 415)
¢ CALCULATION FOR NODE 14
G 29 NUDE= 14
6240 DD 198 1el,e6
§26 i P60 Pl TIsFR QI Boal T satin
03247 DO 161 J=d,13
24 3 183 FECIb=FELIII60TIe00AG)
P hak FF{ 11=D{ 14} AL 7Y 601 L&)
- 249 FFEa)=A{ 14}
Gighd FE(191=A0 L4l eB( L D)
P LY 00 152 1=1,13 ;
{246 152 T ¥=1 90 3¢ 0T 130




U0S FORTRAN BV 360QN~FD~479 3-6 Ma 3 NPG M GATE  A6/0%/ 79 ¥ i
AL . I De3eg AN+ 31D
Q254 LV L4 =g T i3 e UTY
Qdll FUL L5280 TL Lal+ JYE13)
42 ¥ IIE( 3, 35)INCDHE !
G243 WEITEC 236 (L oFFCIY of TU1D o8 =k 415)
L CALCULA TIDN FOR NODE 15
gR54 ROCEw LS _
8255 O La0 Lelela
Q256 160 ITEE)=S e L +dT0 24
PEY; TTCLS)Ind LT+ AT Rad e JTLTT)
G258 WRITE( 3, ASINTOE
Q259 WRETEC 3263 Y FFOLH of 101D 41 =1 415)

G2uy EMD




// JOB UETS]

J7 OPTION LINK,LIST
// EXEC FFORTR AN -

C PROGRAMME NOJ . 6
{ CALCULATION OF VOLTAGE AT DIFFERENT NODE .
DIMENSION FF(15),ITL 15),F{40C0) ,RF{%000) .

110 REAC{ 1, ICH FF{ I¥,1=1,415)

READ(L, 11¥CIT(I),1=1,415)
10 FORMAT{8F1C.5)

11 FORMAT{1E515)
AAA=0.01415G4

ERB=€.072C14
V3I=1.01€€71

D3 84 I=1, 4CCC
B4 F111=0.0

D3 90 K=1,15
N= 1T [K)

Q= ABS{FF{K )}
IFIQ-0.0C1)90490,51

91 D3 8C J=1, 3C0
55=J

X=—AAA®SS
Y=-BEB*5S

EXX= EXP{ X)
EXY=0.0

TF{J L T.TIEXY=EXRLY)
V=YD { EXX-EXY)

M=N+J
FiM)=FIM)+yxFF{K )

90 CINT INUE
WRITE( 39 369( 1! F 1311=1!4000$23

C VOLTAGE WAVE AT NODE WITH REPEATEDR STROKE CF 1500 MICRO S ECONDS
C INTERVAL

D0 22 [=1,4CCC
23 RELI=FLI)

D 24 1=18C1y 4CCC
24 FLL)I=FUIM+RFLI-1500)

WRITE(Z, 27)
37 FIRMAT{1H1, 20X, * SURGE VOLTAGE AT NODE WITH REPEATED STRCKE OF

1 1500 MICRO SECONDS INTERVAL'//)
WRITE( 3y Z€3 I,F{ 11,1=1,4000,2}

36 FORMATA11UI5,FT7.21)
G TO 110

EN D
¥

/7 EXEC LNKEDRT
/f EXEC

VG
/&

D
W)
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APPENDIX =

S LT . . - e A . . B - r Er
L. e e " — K .- = . .- . . -

Cmnvers;nn of L;ng Constants tm per-linit FD uz) cand VlcErVErsa.

"“ & » . -
P R R = A N S NN USSR S P St it

- +  moe - P Y - - o WL - - o . -
I i ’n‘“ [ B i f; 4 - T .

Vcltagﬁ, currents, KVA and Impedance ;nwa c1rcu1t arer
it a b e 2.
&

- - Lo r . . - ¥
c . - A ." x&--"rwa'w-.'. . - - B e - 3 . U

‘uftan axarasseﬁ as a 9erment ar. par unxt‘ﬁf x anlacted bagw

or refersnce value 0? esch of these guantities, for xngﬁance
it a hasa~ualﬁagé-0fﬁ123 Kv iﬁ'chaaan, veltages of 108, 120
and 126 KV becm%e G 90, 1 00 and 1, 05 per unit or 99,1&0 and

165 parcant raapecuzvely.

The per unit velus of gny gquantity is defined as the
ratio af the quantity %0 its base value axpragséé @5 @ decimal,

The ratiﬂ_in percent is 100 times the value'ia per wunit,

-
"'4t

Uolta a. cuzreﬁt, Kua and Impadanraa are éa xelatad

' thﬁt s@lactaaﬁ cf ﬁasa ualu&s far ﬁny %un af tﬁ&m daﬁammlnaﬂ

the baaa w&luas a? the-rema;nxng twn_ Hgually base &Uﬂ and

bege wultage in KV &zm tha‘quantaﬁi@s aeleﬁted ‘to sﬁacafy the -

‘h&aag

For smnqls phwae aysﬁ&% or three phage systams whers

tha ternm currﬁat refers to line currﬁnt, tha ters unltage

rﬂferg'ta.vultage,tg neutrel and the tees HYA refers to KVA

pet phasa,‘ﬁﬁwffsklﬁwing fernulas relete the verious guantities,

| fBase KVA
Hese Yoltage in KV

Bese current in Amperes =

Base IMpedance in otms =

Bazse MVA -

Rage Power in K¢ = Egae KVA

linge PBS&r‘in P = Base NVA



a%

Per Unit (rf.u.) Impedance of 8 cirduit elament

Acutal iopedance in oh&g
E- 1 iy
Base impedence in ohoa

Since three phass circuits are solved s 2 single line
with @ nsutral return, thes bases for qusntitiss in the izpadance
disgram sre KVYA per phass and KV from line to neutral, But dota
are umially given as totel three phage KVA or BVA and linas
to line KV,

SAMPLE CALCULATION OF ACTUAL VALUES OF R,L and L AT WEwW BASE
OF 132 v AND 10D vA FROM PU, VALULS AT 132 KV AND 100 MVA HASE,

Base lmpadeance i = {basn K?)Z/Basa MYA chmsa,

e (132/V5)%/(100/3) = 174.0 ohams.

Physical ohms = p,u, values x aystem bage chma,

Physical ohms = p.u, ohza x system bese ohms (Y} o —DaMa Obas
base Zb

Phynical resistance R in obmg, = p.u, value x 174.0
3

Physical inductanca L in mh = Qﬁﬂ*»ﬁﬁigﬁﬁ.” 174,80 x 10

6
Physical capacitance U in af = - 1?:mg : égd

Z e (0.0112 + jO.0837) x 174 = 1,9488 + §7,6030 _O-

ﬂzl.as.n_,l.nﬁs- - Lg—g—?;-uza.zmn

/2 o ADLU049 _ §2.816 x 10 mho

174
-5 .
b/2 6 2,816x10 6
/2 = S5 x 10 }nF e v vl P UM 08,09 /HF

n‘c L= U.ie /“F



aq

2, Bllon=Siddhirgmnj Spction

Z = (0,00835 ¢+ jU,0362) x 178 = 2,452 + § 6,3 S

e .45 0, L= XL/ w= 6,3/318 = 20.8 mh

=5 6
2.105x10" " x10° ¢
17 7

= 0,067 )45‘

b/2 = j0,00366/174 = §2.105 x 10 dwmho, C/2 =

.". L = 0,134 }AF

in @ similar way perameter values wore telculsted for

all the pye section unite, : - -

e

Trevel time ig colculoted ag

Thae lightning surge wave travels ot the speed af
light (186,000 miles per sec.), 50 the wave trsvel 0,166 amiles

per micro seconds,

3, Igavel time for tllon « Tongi Section

v = ﬂ%g?%g = £8,8 & 69 micro seconds,

In @ gimilar way travel tims for sll sections ere

telculatad and are ghown in Table - 1 (Page 3#% e



100

APPERDEX- L

Mathenaticel txpregsion for a 1/50 Wave

A 1/50 wave is & standard wsve used for re;athsénting
2 lightning surge wave, Hathematically it is represented &s

- - a=t/T
Vit o v (o Ta -2,

o W {ﬂ“ - - sew {1}

whare a and b are conatants whose values are to be found out,

Time (1) -
Fig, 7.1 The input surge voliasge wave,

—-—L—dgtt) = - ave @t L pve™t L g

anﬁat P a‘bt

g - a(a-b}t

{a = b} tnax,:ln'g"

tmax = :-]f; in fg—



We have two conditiona thet the value of ¥{t) is 1 at 1

101

micxo-sgcond and 0,5 et 50 micro geconds, Putting these values
wes yet,
- -]
le a""h in b .. -en {23
1evie™® - o™ oo eee (2)
ﬂ.s L3 u( aﬂs{}a"a-ﬁnb) EN K] . ¥ - (4}

Sa, we havs threse s uvations with three unknowns to salve

from eguetion (3) V = —:%——:E - (5}
from eguation (4) # = = E%“- 1o ( §;§~'+ o~3tBy - 18)

from sguation {2} b= 8 - 1p

To
i)
4}
3}
4)

5)

Tl

find the soiution

Agsume a and b first,

Calculate ¥ fxom sqn, (5)

Find a from sqn, (6)

Find b fraﬁ agn,{7) with initial value of b, fepmot this
atep until b converges to & new value,

Then repeat from step (2) &gain,

To have an initial volue of 8 and b wa proceed as follow:-

From (3) end {4}

ven {7



L0, 2w gio0 .*. &= 0.0161458

Substitute in (4) 0.5 = gﬁ“ﬁna,

o"e V= 1,015
#utting ¥ in (3}, b= 7,22
o®e Let 8 = 0,0141458 «0,01215
b = 7,22, then ¥ = 1,015

Aftur »n few trials the sclution bhacomas:

V = 1,0166705
a = 0,0141936
b = 6.0730136

and T, = ‘% = 70.454209 micre seconds,

TZ.“ % = 00,1646628 micro seconds,
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At 1 oicro sec, V = 1,0166705 (o T5ozisss™ ~© T TEALEo

=0.9999999.
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At 50 miczo sec, ¥ « 1,0166705 (8~ 70,454289 «¢ ~0.1646628

= 0,5000005
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Spn the mathematical-exprtséian far @ 1/58*wavaubecumgs

- )

V() = 1.006671 (&7 -

~and ig shown in Fig. &.; (page Héé?, Ve
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