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A bstmct,-- The electric and magnetic fields produced 
by a lightning stroke in the  vicinity of a tclecommuni- 
cation fine can ilhiminate the  line and  it can acquire in- 
ducecl over vdtages which may be  detrimental t o  the 
wltiipments connected t o  the  telecommunication line. 
The magnitude and waveshape of the  electromagnetic 
Rrlds produced by lightning &as well as thc irtduced volt- 
age on telecommunication line are influenced by the R- 
tiite coiiductivity of the ground. In this paper, the in- 
duced transient voltages on an  overhead teiocommuni- 
cation subscriber line due to a nearby lightning stroke 
to the ground are computed. From the results i t  is seen 
t.hat the indiiced voltage is bipolar for all the  observa- 
tion points except at the line midpoint for t he  lightning 
striking point location chosen in this study. It is also ob- 
served that  the finite ground conductivity decre.ases the 
Ixiaynitude of the indiicerl voltage at the  tine termina- 
tions where as it, increases t,he induced voltage as the  line 
rnicl poiut i s  approached. The results obtained in t h i s  
qtiicly will be useful in  evolving a suitable lightning pro- 
tertion srhernr for the rural telephone exchanges which 
are interconnected using overhead lines instead of un- 
d~xgmttrici cables wj in the  case of urban exchanges. At 
thc same tirne these rural  telephone exchanges have be- 
romp more vlifnerabie t o  transient over voltages as they 
are being converted into digital ones with their suscepti- 
bility levels for transient over voltages being much lower 
t,han the old electromechanical exchanges. 

1. Introduction 

Ovttrhead conductors arc still being 
uscd particularly in m r d  areas for telephone 
(*omrim ica tion. These iire situated wtioll y 
oI partialiy in sevcre lightning prone areas. 
Siicli lintw arc affcct-ed by lightning returrr 
strokes m c l  o t k r  atmospheric electric I.>lienom- 
(wii w.hic*h niay oct:iir in thr vicinity of the 
lhc.  A light~iing st>rokc ttr the groiixid produces 
inheiise tr;trisient electric and megrietic fields. 
if the lightning stroke is in thc vicinity of a 
t clecorririiuiiication line, t se fields will illu- 
rrtiiiattt t he telecornrnunic 11 subscriber lines 
arid the liries can acquire inducod over voltages 
a i d  c:iirrcnts in ;I wide frequency range as thoy 
tdiavc. as vcIy long int,ercoririect& antenna. 
lliese high cnergy surges duc to 1 
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manent darriagcs to the c:lcctronit: ecy,iiprxierits 
in rnodern data corrimunication, signdlixig and 
ccixitrof svsteins which are connected at t hc 
erids of a t~slecorrixniiriicatiort line. A knowl- 
edge of these effects and of their incidence and 
magnitude is esserit ial for an understa1iding of 
the protective measures required for overtiead 
telecom mimica tion li ncs and imso ci a ted term i- 
nal equipments. 

Inrluced voltages on overhead cortduct,ors 
clue to ;t nearby lightning stxokc itre generally 
c&xlated in the following way 

1.  Thc lightniiig rcturui-stroke rlcctromag- 
nctic field is calculated niaking tisc of i\ 

retitrn-strokcx current rnodel which speci- 
fies the si,atial-tcmpor~~l distribution of thc 
current a h g  the lightning <:h;mncl. 

2. The dectrornagnctic fields thus obtaincd 
are used to calculate the induced overvolt- 
ages by means of ii coupling inoclcl which 
describes the interactiori betwen thc field 
and the currductors. 

In this paper, the induced transient volt- 
ages on an civcrhead tc1et:ommunication suh- 
scriker line due to a nearly lightriing stroke to 
the ground art: computed for a lightning stroke 
current of 10 kA. The lightning striking point 
is taken as 50 ni from thc mid point of ii 1 kni 
long telccoinmtinication line. 

2. EM Fields due to Lightning Return  
Stroke 

The lightning return strokc current has 
been assrimed be a double PxyonentiaI wave- 
foorrii and modified transmission line(MTL) 
mcldelfl] has been tiscd to desc.ril)o the current 
along t hc vertical lightriing cliarinel. The re- 
turn stroke current at ground level is expressed 
asp ]  
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,& 

Z f i :  t )  = e ‘ - / / ” ) z ( 0 , 1  - z ’ / v )  (2) 
where v is the vcilocity of the return stroke 

ancl A. the rettirn stroke current decay con- 
stant. 

Thc electric ficld which excites the line 
due to lightning is resolved iii to (i) vertical 
electric field and (ii) horkorital electric field. 
Both the above fic4cls w e  the soiirce temis for 
indnrcd voltage calcrilation. By assuming that 
the grourict is a perfect c:onciuctxx the vertical 
electric field dEz(r, z,  t )  and horizontal elect,ric 
field dEr(r, t, t )  due to an infinitesimal light- 
ning curcnt elcnierit of length dz’ at height ; 
carrying current i ( z ’ ,  t> can tje calciiMmi at, it 
qweral point P(r,  C,, z )  by the following eyua- 
tions[l.%]. Figure 1. shows the geometry for 
the c;tlculation of ttie f%ds. 

It is reported that t hc vcnical clcctnc 
fieId is riot  very rnuch infiucrncd by the finitti 
grou~icl conduct ki ty .  whitre as the tiorizorita.1 
electric field is mridifircl significantly bj- the fi- 
nite conductivity of‘ t h  grouxitl[1 f . Tlerir*~ the 
vertical elccric field is cd~*iil:i1(~1 assuming t hc 
ground as a perfect coiicluctm. For thc J ( : om- 
putation of the horixontal electric field with 
finite grorind coxiductivity; C:oorav-ILubiristuin 
forrrittla[4] has heen used. This requires the az- 
imuthal componeri t, of magnctic field produced 
by Iiglitning, which i s  given as 

whcre and o9 are the perrneability of  
free space and conductivity of the grcmnd re- 

The horizontal electric field including the 
spect ively. 

ground conductivky ET9(rT 2: t )  is given ~ [ 4 ]  

where E,(% = fi, 7-9 is the Fourier-transform 
of the horizontal electric* field at beigiit h: 
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H,( 3 = 0 , ~ )  is the Fourier-transfonn of the az- 
i i r i i i t  hafjie.. horizontal) coiiiponciit oft hc mag- 
ut:tic field at groiind. 1 ~ ~ 1 .  po is tlic permclabil- 
i t?  of air. c iind go are ttw permittivity and 
c;ondut:tivity of the ground respec+tivcly. 

3 .  Coupling to Multiconductor Lines 
'I'lie induced voltages are calctllated using 

tlic coripling modc;l in time &main proposed 
tiy .lgraw;tl ct.all.51. The coupling equa$kms 
iocorporatixig tht! cffcct of finite ground con- 

i1,y on thc surge propagation along the 
line are giver1 its follows[6] 

of [Zg,, / j ; ] .  [Zv,,] is t tic. ground iinpfidance per 
unit leiigth. 

According to this coupli~ig niotlcl tlic tquiv- 
alent circuit for ii siriglct over I icwi  t rleco~ii~iiii- 

nicatiorr line is shown in figure 2. 
The voltage at t 'hC end of the line is dr- 

terrninerl by tlic boiindary conditions and the 
current at the two cnds of the h e .  viz., z(xO. t )  
arid i(x0 + t ,  t ) t  where f is the ltngth of the 
owrhearf finc. The boundary conditions for the1 
scattered vol  tag^ are 

hx 
2ips(2(), t )  = -fz,][2,(Z[],t)] -t E;(tco, z,t)d;:  

( 9 )  

(10) 
where E: is the vert,ical ~ilectric: fialci at, thc z th  
conductor. [Z1] arid [Z;] are ttw tcrminating 
i~ngedeiic<: matrices. 

0 

hi 
v,s(z*+I, t )  = [Z~][Z,(n;0+4 r ) ] + /  &;(Q+l. 2 ,  I ) c t  

0 

4. Results and Discussion 

The indiiced voltagc on a rniiltictt~icluc- 
tor averhead t~~~'!lF.cornmiinicat,iori siihscriker line 
1t-la.s beexi cornputect by the above> descril~cd 
metltiod. Tlie configuration of the line is stmvn 
in figure 3. Tlie length cif the line is taken as 
1 kin and each of the line cont-lucrms shown in 
figure 3, has a diameter of 1.0 mm. The loca- 
tion of light,nirrg is at a distance of 50 ri i  away 
from the conductor. 1 arid equidistant frtirri thc 
h i e  ends. Thc geometry of lightning location 
i s  shown in figure 4. The lines at  end 'A' are 
terniirtated by 1 hc surge irripttdanw of titt: lirtes 
and at  thc end 'F', tlir liries are t eririinatxd bv 
the ssrge inipcdaricc of the cable which is taken 
as 170 R [7]. 

Figure 5 .  shows ttic induced voltage, on 
conductor 1 at point 'F'. The figiirc shows the 
induced voltage €or two cases, viz.. (a) wheri 
ground is considered as a perfect, cortductor and 
(kf when ground is asstirneci to tiwe a finite 
conductivity. From figure 5, it is secn that the 
ground conductivity reduces thc peak valtie of 
the induced voltage from 4 k\' to 3 kV3 but 

rerfh is a negative peak in t k  iiiitial port ion 
of Ltie waveform which r e a r k  alrriost 5 kV. 
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4.8 m 
I 

Fig. 3. Telephone line configuration. 

A B C D E F  

BC = CD =DE = EF = 125 m 

I;ig. 4. Sketch showing tlic lightning stroke location w.r.t the 
induced voltage observation points on the line. 

Figure 6. shows the induced voltage at dif- 
ferent points on the conductor 1. These in- 
duced voltages are calculated assuming a finite 
ground conductivity, erg of 0.601 S/m and eT 
of 10. It can be seen from figure 6 ,  that the 
induced voltage at the line mid point [ie.> at 
'B') has no initial negative peak where as at 
all the other points an initial negative pe& is 
observed. This can be explained from the hori- 
zontal electric field wave s which are shown 
in f i g "  7fa) and 7(b). 

The cdctilated horizontal electric field at. 
a height of 4.8 m from the ground and at dis- 
tances of 500 m and 50 m from the lightning 
channel are shown in figures 7(a) and 7(b) re- 
spectively. When ground conductivity is in- 
cluded, the horizontal electric field goes nega- 
tive initially, and this gets reduced as we ap- 
proach the midpoint of the line, ie., 50 m from 
the lightning striking location. At  the line mid 
point, the component of horizontal electric field 

along the direction of the line is zero for the 
lightning location chosen. Moreover, at such 
distances, ie., for distances close to 50 m, the 
horizontal electric ficld has a riegligible ncga- 
tive peak as compared to the positive value as 
can be see11 from figures 7(a) and fb). Hence 
there is no initial ncgative peak oliscrved in the 
induced voltage at the line mid point where as 
at all the other points, there is an initial ncga- 
tive peak as can be seen froin figure 6. 

Fig. 5.  Induced voltage on conductor 1, at the line termina- 
tion(& point 'F'9. 

Fig. 6.  induced voltage on conductor 1, at different paints as- 
suming ground parameters og = 0.001 S/m and = 18.0. 
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Figure 6. also shows that the induced 
voltages at. observation points closer to the 
junction of the overhead t with the cable(C, 
I3 and E) are less than that, at the midpoint of 
the line. The irrduced voltage at the junction of 
the linc with the cable (ie.: at 'E") tias the low- 
est positive peak tvhich is 3 kV only. But the 
iiegative peak is more than that of the positive 
ptiak and is about 5 kt'. This is in contrast to 
thc a s e  of a long power distxibution line ter- 
minated by the surge ixnpedance of the line, 
where thc negative peak of the induced volt- 
age is rnuch lower than the positive peak at thc 
line terniina;tions[8]. Now this induced voltage 
as it reaches the telephone exchange may get 
rriagnificd depending on the input irripedadnce 
of the telephnne excharige. This can inturn 
caiise R permanent damage or teniporary upset 
to the internal electronic: circuitry .unless suit- 
able surge suppressive devices are provided at 
thc entry point of the c;aLle to the telephone 
exchangc. 

I I I 1 I 4 

I I 3 EF' 1 

5. Conclusion 
The intliiced \-olt,age on a telecommuni- 

cation subscribrr line due to  a nearby light- 
riing stroke hiis been computed. From the re- 
siilts it is seen that the induced voltage is bipo- 
lar at s f f  the observation points other than 
I lie midpoint. The finite - ground conductiv- 
ity decreases the magnitude of thc induced 
volt,agc at, line termination where as it in- 
creases the induced voltage as the line mid- 
point is approachc;d. Tile resuks obtained in 
this study will be useful in evolving a suitable 
lightning protection scheme for rural telephone 
exchanges which are intIerconn~ctrd using over- 
head lines. 
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