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(Computer Computation of Induced Voltages in

Communication Line, adjacent to Power Line)

& # EH*-® £ EH
(Kim, Ki Ryong) (Hwang, Kyu Sun)

ABSTRACT

In this paper, formulas are developed for computing induced line voltages in communication
lines due to power line failure. Formulas are expressed in terms of fault current, mutual
impedance and length of line. Computed results are shown for various power line voltages and
length of line. (Computation is done by IBM 1130-3B computer system at Soong Sil Computer
Center)
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page 1

/1job

log drive  cart spec  cart avail - -phy drive
0000 3333 3333 . 0000

v2 ' m05 actual 8k config . 8k

//dup :

*delete tongs |

cart id 3333 db ‘addr 3bb2 db cnt. 0090

//for .
*one word integers
*extended precision
*locs(card, 1403 printer)

*list all

a o

1115

1120

real lenth, myus, ifs, ifg

dimension voits(13), voltg(13), shuca(11)

read(2,99) (shuca(i), i=1,11)
dist=distance between the power and neutral lme
hdear radius of neutral line
reonl=resistance of neutral line

ipage=0

cycle=60.

pai=3. 141592

1111 hdonl=5.25/10**3

row=0.01
reonl=0. 497
dist=1.425
calculation of shield constant of netural line
scnmr=2. *cycle/100. *0. 0494
scnmi=2. *cycle/100. *0. 447 *alog (932./dist)
s *sqrt(1. /(2. *cycle*row) *0. 43429
scnfr=reonl+2. *cycle/100. *0. 494
senfi=2. *cycle/100. *0. 1447*alog(1197. /hdonl)
s *sqrt (1. /(2. *cycle*row))*0. 43429
call compd(scnmr, scnmi, scnfr, senfi, zre,
scni, Scnva, schan)
1.-zre
scn=shield constant of neutral line
call compl(senr, scni, scn, scnan)
scc==shield constant of communication line
scc=1.
tpafm=mutual impedance between - the power and
communication line
tpafm=0. 195
zs system impedance(base 100mva)
zt transformer impedance(base 100mva)
zl line impedance(base 100mva)

scnr—

1150 zsre=0.

zsim=11.
ztre=0.
ztin=9.5
ztim=9. 5*100. /30.
tpafm=mutual impedance between the power and
" communication line

1151
1152
1153
1154

5010
1158

1165

-1170

1175

1180
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tpafm=0.195
do 1222 kgr=1, 6, 1
regrd=3. 0+ kgr/2.

iat1=30
1at3=1970
do 1222 itime=1, 4, 1

ipage=ipage+1 .
go to(1151, 1152, 1153, 1154), itime
time=4. /600. -
go to 1158
time=14./600...
go to 1158
time=25. /600
go to 1158
time=0. 4+65. /600.
write (5, 5010)
format(1H1)
write(5,5001) ipage, iatl, 1at3,, time, regrd
write(5, 5002)
write(5, 5003)
write (5, 5004)
write (5, 5002)
lenth=0.
‘do 1221 len=1, 11, 1
shucn=shuca(len)
lenth=len+1.
zlp positive line impedance
zlpre=5. 8*lenth
zlpim=8. 14*lenth
call compl(zlpre, zlplm, zlp, zlpan)
zlre=zsre+ztre+zlpre
zlim=zsim + ztim+-zlpim
call compl(zire, zlim, zl, zlang)
z2ee=z]lre
z2im=z1im
z2=121
z2ang=zlang
xpls=0.8931
myus=1.
E=2.71828
rline=0. 301
xpli=0.0797 -
zplr power line impedance
zplre=0. 059+ rline
zplim=xpls+xpli
xplm power line mutural impedance
xplm=0. 415
rplm=0. 059
zpnm power line and netural line mutural
impedance
zpnmr=0. 059
zpnmi=0. 395
zns netural line self impedance
znsre=0. 059-+reonl
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zniim=0. 0978

¢ xns=neutral line self reactance

1185

1190

1195

1200

1205

1210

1215

xnsim=0. 81125

znsim= zniim+ xnsim

call compd(zpnmr, zpnmi, znsre, znsim, wre,
wim, w, wangl)

call compd(znsre, znsim, regrd, o, sqre, sqim,
sq, sqang)

gamar=sqrt(sq) *cos(sqang/2.)

gamai=sqrt(sq)*sin(sqang/2.)

call compm(wre, wim, wre,
wsqim, wsqar, wsqan)

call compm(gamar, gamai, lenth, o, gamlr,
gamli, gaml, gamla)

twre=2. *wre

wim, wsqre,

twim=2. *wim

call hypes(gamlr, gamli, sinhr, sinhi)

call compd(sinhr, sinhi, gamlr, gamli, sainr,
saini, sainp, saina)

egalr=1. /E**gamlr*cos(gamli)

egali=—1. /e**gamlr*sin(gamli)

call compm(egalr, egali, sainr, saini, esrre,
esrim, esr, esran)

call compm/(esrre, esrim, twre, iwim, twrer,
twrei, twrev, twrea)

call compm (esrre, esrim, wsqre, wsqim, wsre,
wsim, ws, wsang)

smmdr=esrre —twrer+ wsre

smmdi=esrim— twrei+ wsim

zpn3r=zpnmr*3,

zpn3i=zpnmi*3.

call compd(zpn3r, zpn3i, wre, wim, znpwr,
znpwi, znpw, znpwa)

call compm(znpwr, znpwi,
zabre, zablm, zab, zaban)

call compm(znpwr, znpwi, smmor, smmdi,

wsqre, Wwsqim,

zaare, zaaim, zaa, zaaan)

calculation of zero sequence impedance(zlos)
at short.

zlosr= (zplre+2*rplm — zabre + zaare) *lenth
*1000. /(30. *1.7321)

zlosi= (zplim+2*xplm—zabim + zaaim)*lenth
*1000. /(30. *1. 7321

call compl(zlosr, zlosi, zlos, zlosa)

call compm(zpn3r, zpn3i, wre, wim, zpnwr,
zpnwi, zpnw, zpnwa)

call compm(zpnwr, zpnwi, esrre, esrim, zwesr,
zwesl, zwes, zwesa)

calculation of zero sequence impedance (zlog)
at ground

zlogr= (zplre+2*rplm — zpnwr+zwesr) *lenth
*10000. /(30.*1.7321)

zlogi=(zplim+2*xplm —zpnwi-+zwesi) *lenth
*1000. /(30.*1.7321)

call compl(zlogr, zlogi, zlog, zloga)
f=4.0
zosre=ztre--zlosr
zosim=ztim + zlosi
1225 call compl(zosre, zosim, zos, zosan)
zogre=ztre+zlogr
zogim = ztim - zlogi
call compl(zogre, zogim, zog, zogan)
do 1235 kvo=1, 12, 1
go to(111, 112, 113, 114, ‘115,
118, 119, 120, 121, 122), kvo
111 volt=3.3

118,

go to 1230
112 volt=5.709
go to 1230
113 -volt=6.6
go to 1230
114 volt=9.9
go to 1230
115 volt=11.418
go to 1230
116 volt=13.2
go to 1230
117 volt=13.74
go to 1230
118 volt=16.03
go to 1230
119 volt=18.32
go to 1230
120 volt=20.61
go to 1230
121 volt=22.9
go to 1230

122 volt=25.19
1230 rg=2.*zlre+zogre-3. *rf*19, 1

xg=2.%z1im + zogre
volt=volt*1000.
rs=2. *zire+ zosre
xs=2.¥z1im+ zosim
rg=rg/100.
xg=xg/100.
rs=rs/100.
xs=xs/100.
call compl(rg, xg, zg, zga)
call compl(rs? XS, zS, zsa)

¢ wt=omega t
wt=2. *pai*cycle*time
randa=355. *pai/180.

¢ xgl, xsl=inductance at ground and short
xgl=xg/(2. *pai*cycle)
xsl=xs/(2. *pai*cycle)

¢ if=fault current

117,

ifs=volt/zs*(sin(wt+randa—zsa) —sin(randa



1235

1221

1222

5001

—zsa)*1. /e**(rs*time/xsl))

ifg=volt/zg*(sin(wt+randa—zga) —sin(randa
—zga)*1. /e**(rg*time/xgl))

volt=scn*scc*shucn*lenth*tpafm/1. 414214

volts induced voltage at short

voltg induced voltage at ground

j=kvo

vols=volt*ifs

volts(j) =vols

volg=volt*ifg

voltg(j) =volg

continue

write(5.5005) lenth, (volts(j),j=1.12), (voltg
(n),n=1.12)

write(5, 5009)

continue

write(5, 5002)

write(5, 5006)

write(5,5007) scn, ztin

write(5,5008) scc, zsim

continue

format(11(1x, 6. 5))

format(/1h, 5x, ’page’, 1x, 12/1h, t45,**

induced voltages table*m*’,/1h, t45, 30(-"),

t85, ’run date’, 2x, 12, 1x, ’‘nov.’, 1x, 14,//

1h t9, m’cut off time ’,f5.3, 1x, ’seconds’,
78, ’ground resistance ’,f5.2, mix, ‘ohms
(multiple)”)

5 AAAT QARAZ Q FRaAE

5002
5003

5004

5005

5006

5007

5008

5009
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format(’ °, 2x, ¥, 114C-), ’*)
format(1h, 2x,” iline wvoltistand 13.3*1.7
ipower 16.6%1.516.6%1.71 26.6%2122.9 i22.9
i22.9 i22.9 122.9 i base i22.9 iremarks i’ 2,
/1h ,2x, °’1’, t9,’-age i,t17,’-ard i, 30, V',
t34, ’linei’, 3(7x, V' 2), t65, *0.6 i‘,” *0.7 i
*0.8 1 *0.9 1, t102,’i *1.1 1 °,t119, ii’,/1h
,2x,” idistan i3.3 kv i=5.7 kvi 6.6 kvi=9.9
kvi=11.4kvi=13 1. 2kvi=13. 7kvi=16. 0kvi=
18.3 kvi=20.6 kvi=22.9 kvi=25. 2 kvi’, t119,
4

format(1h ,2x, ’i-ce(km) 1, 12(7x, 1), 8x,
%)

format(1h ,2x, ‘’, 3.0, ’short i’, 12 (7.2,
‘"),” volts i’/m ,1h ,2x, 4’ ,2x, ’ground i’,
12{7.2, “i"),’ volts i*)

formal(/t5,” schield constant’, t57,” percentage
impedance’)

format(t26, 'of netural line’ ,2x, 16,3, t80,
’of transfomer j',{5 5.2, ohms’)

format(t21, ’of communication line’ ,2x,
6.3, t82, ’of system’, 5x, I'j’, f5.2 ’ohms’//)

format(lth ,2x, %’ ,9x, 1 ,7x, 1 ,7x, ¥

,Tx, U ,7x, W, 7x, 1 ,7x, U, m ,7x, T
JTx, U, 7x, U, Tx, T ,7x, T ,Ux, Y
,8x, ‘1)

stop

end
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