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Abstruct—~~ The electric and magnetic fields produced
by a lightning stroke in the vicinity of a telecommuai-
cation line can illuminate the line and it can acquire in-
duced over voltages which may be detrimental to the
squipraents connected to the telecommunication line.
The magnitude and waveshape of the electromagnetic
fields produced by lightning as well as the induced volt-
age on telecommunication line are influenced by the fi-
nite conductivity of the ground. In this paper, the in-
duced transient voltages on an overhead telecommuni-
cation subscriber line due to a nearby lightning stroke
to the ground are computed. From the results it is seen
that the induced voltage is bipolar for all the observa-
tion points except at the line midpoint for the lightning
striking point location chosen in this study. It is also ob-
served that the finite ground conductivity decreases the
magunitude of the induced voltage at the line termina-~
tions where as it increases the induced voltage as the line
mid point is approached. The results obtained in this
study will be useful in evolving a suijtable lightning pro-
tection scheme for the rural telephone exchanges which
are interconnected using overhead lines instead of un-
derground cables as in the case of urban exchanges. At
the same tirne these rural telephone exchanges have be-
come more vulnerable to transient over voltages as they
are being converted into digital ones with their suscepti-
bility levels for transient over voltages being much lower
than the old electromechanical exchanges.

' 1. Introduction

Overhead conductors are still being
used particularly in rural areas for telephone

communication. These are situated wholly

or partially in severe lightning prone areas.

Such lines are affected by lightning return
strokes and other atmospheric electric phenom-
ena which may occur in the vicinity of the
line. A lightning stroke to the ground produces
intense transient electric and magnetic fields.
[f the lightning stroke is in the vicinity of a
telecommunication line, these fields will illu-
minate the telecommunication subscriber lines
and the lines can acquire induced over voltages
and currents in a wide frequency range as they
behave as very long -interconnected antenna.
These high energy surges due to lightning dis-
charges can produce temporary upsets or per-
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manent damages to the electronic equipments
in modern data communication, signalling and
control systems which are connected at the
ends of a telecommunication line. A knowl-
edge of these effects and of their incidence and
magnitude is essential for an understanding of
the protective measures required for overhead
telecommunication lines and associated termi-
nal equipments.

Induced voltages on overhead conductors
due to a nearby lightning stroke are generally
calculated in the following way '

1. The lightning return-stroke electromag-
netic field is calculated making use of a
return-stroke current model which speci-
fies the spatial-temporal distribution of the
current along the lightning channel.

2. The electromagnetic fields thus obtained
are used to calculate the induced overvolt-
ages by means of a coupling model which
describes the interaction between the field
and the conductors.

In this paper, the induced transient volt-
ages on an overhead telecommunication sub-
scriber line due to a nearby lightning stroke to
the ground are computed for a lightning stroke
current of 10 kA. The lightning striking point
is taken as 50 m from the mid point of a 1 km
long telecommmunication line.

2. EM Fields due to Lightning Return
Stroke

The lightning return stroke current has
been assumed be a double exponential wave-
form and modified transmission line(MTL)
model[1] has been used to describe the current
along the vertical lightning channel. The re-
turn stroke current at ground level is expressed
as|2]

Proceedings of INCEMIC 2001 - 2002

79

Authorized licensed use limited to: NATIONAL INSTITUTE OF TECHNOLOGY SURATHKAL. Downloaded on February 18,2021 at 05:37:55 UTC from IEEE Xplore. Restrictions apply.



Telephone bine

z @
{rd, Z) P/

Ground

X
Image 1*
ge 1)

¢

Fig. 1. Geometry showing the lightning return stroke channel
and the telephone line.

i(0,1) = Iy(e ™ — &™) (1)

According to the MTL model, the lightning
current at a height of 2z’ is given by the expres-
sion

i(2 1) = ™2 /40,1 — 2" Jv) (2)

where v is the velocity of the return stroke

and A, the return stroke current decay con-
stant.

The electric field which excites the line
due to lightning is resolved in to (i) vertical
electric field and (ii) horizontal electric field.
Both the above fields are the source terms for
induced voltage calculation. By assuming that
the ground is a perfect conductor the vertical
electric field dE,(r, z, t) and horizontal electric
field dE,(r,z,t) due to an infinitesimal light-
ning curent element of length dz’ at height 2’
carrying current i(z',t) can be calculated at a
general point P(r, ¢, z) by the following equa-
tions[1,3]. Figure 1. shows the geometry for
the calculation of the fields.

d?
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Uz — 2 ) —r?
i {~ 2 /A) _ .
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+}“‘(71%f’"’2"1(0 t- 2 [v—Rfc)
. g_(;_z-]-:);l =2 N g (0.t - 2 fv — R/c)] (4)

It is reported that the vertical electric
field is not very much influened by the finite
ground conductivity, where as the horizontal
electric field is modified significantly by the fi-
nite conductivity of the ground[l]. Hence the
vertical elecric field is calculated assuming the
ground as a perfect conductor. For the com-
putation of the horizontal electric field with
finite ground conductivity, Cooray-Rubinstein
formula[4] has been used. This requires the az-
imuthal component of magnetic field produced
by lightning, which is given as

dHy(r, 2, 1) = ‘jj_
[('R'z el ? 'ma z(() t—2 Jv— R/c)

+—I—1?-"§e(_z'//\}i(0>t — 2z /7_: - R/C)} (3)

where yp and o, are the permeability of

free space and conductivity of the ground re-
spectively.

The horizontal electric field including the

ground conductivity E,,(r, z,t) is given as[4]

Ey(z=hr) =
(),r)—-—\f’ii—- (6)

Ve +og/iw

where E,.(z = h,7) is the Fourier-transform
of the horizontal electric field at height h,

E(z=h,r)— Hy(z=
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Fig. 2.  Equivalent circuit of an overhead line excited by an
external electromagnetic field.

Hy(z = 0,7) is the Fourier-transform of the az-
imuthal(ie., horizontal) component of the mag-
uetic field at ground level. yg is the permeabil-
ity of air, € and o, are the permittivity and
conductivity of the g,xound respectively.

3. Coupling to Multiconductor Lines

The induced voltages are calculated using
the coupling model in time domain proposed
by Agrawal et.al{5]. The coupling equations
incorporating the effect of finite ground con-
ductivity on the surge propagation along the
line are given as follows[6].

o

=[] (2, )]

oz

J,/@)

S, 141G i (@, AT o e )] =

or

+ (Rl 0] + (L] (2,0

[ iz, T)dr = [EL(z, hi, 1)} (7)

(8)
where [El(z, hi,t)] is the horizontal elec-
tric field along the conductor at the conductor
height h;.
vi(z,t) is the scattered voltage.
(Li;). [Cy5], [Ri;] and [Gy;] are the per unit
length inductance, capacitance, resistance and
‘conductance matrices respectively.
[&i;] is the transient ground resistance,
which is equal to the inverse Fourier transform

of [Z > /]w}
unit length

According to this coupling model the equiv-
alent circuit for a single over head telecommu-
nication line is shown in figure 2.

The voltage at the end of the line is de-
termined by the boundary conditions and the
current at the two ends of the line, viz., i(xo, )
and i(xp + I,t), where [ is the length of the
overhead line. The boundary conditions for the
scattered voltage are

Zy,;] is the ground impedance per

$(z0,1) = —[Z1)[is(0,1)] + / (20, 72, 1)dz
)
hy
‘l)f(wo'f—l; t) = [ZQ][ii(ﬂ)0+l, f)]+/(] EZ(:I?()"}*Z, 2, f)(l
(10)

where E? is the vertical electric field at the i
conductor. [Z;] and [Z,] are the terminating
impedence matrices.

4. Results and Discussion

The induced voltage on a multiconduc-
tor overhead telecommunication subscriber line
has been computed by the above described
method. The configuration of the line is shown
in figure 3. The length of the line is taken as
1 km and each of the line conductors shown in
figure 3, has a diameter of 1.0 mm. The loca-
tion of lightning is at a distance of 50 m away
from the conductor 1 and equidistant from the
line ends. The geometry of lightning location
is shown in figure 4. The lines at end ‘A’ are
terminated by the surge impedance of the lines
and at the end ‘F’, the lines are terminated by

the surge lmpcddnce of the cable which is taken
as 170 Q [7].

Figure 5. shows the induced voltage, on
conductor 1 at point ‘F’. The figure shows the
induced voltage for two cases, viz., (a) when
graund is considered as a perfect conductor and
(b) when ground is assumed to have a finite
conductivity. From figure 5, it is seen that the
ground conductivity reduces the peak value of
the induced voltage from 4 kV to 3 kV, but
there is a negative peak in the initial portion
of the waveform which reaches almost 5 kV.
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Fig. 3. Telephone line configuration.
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Fig. 4. Sketch showing the lightning stroke location w.rt 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, o, of 0.001 S/m and ¢,
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 peak is
observed. This can be explained from the hori-
zontal electric field waveforms which are shown
in figures 7(a) and 7(b).

The calculated 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 field has a negligible nega-
tive peak as compared to the positive value as
can be seen from figures 7(a) and (b). Hence
there is no initial negative peak observed in the
induced voltage at the line mid point where as
at all the other points, there is an initial nega-
tive peak as can be seen from figure 6.
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Fig. 5. Induced voltage on conductor 1, at the line termina-
tion(at point ‘F’).
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Fig. 6. Induced voltage on conductor 1, at different points as-
saming ground parameters g = 0.001 $/m and ¢ = 10.0.
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Figure 6.
voltages at observation points closer to the
junction of the overhead line with the cable(C,
D and E) are less than that at the midpoint of
the line. The induced voltage at the junction of
the line with the cable (ie., at ‘F’) has the low-
est positive peak which is 3 kV only. But the
negative peak is more than that of the positive
peak and is about 5 kV. This is in contrast to
the case of a long power distribution line ter-
minated by the surge impedance of the line,
where the negative peak of the induced volt-
age is much lower than the positive peak at the
line terminations[8]. Now this induced voltage
as it reaches the telephone exchange may get
magnified depending on the input impedance
of the telephone exchange. This can inturn
cause a permanent damage or temporary upset
to the internal electronic circuitry unless suit-
able surge suppressive devices are provided at
the entry point of the cable to the telephone
exchange.

5. Conclusion

The induced voltage on a telecommuni-
cation subscriber line due to a nearby light-
ning stroke has been computed. From the re-
sults it is seen that the induced voltage is bipo-
lar at all the observation points other than
the midpoint. The finite-ground conductiv-
ity decreases the magnitude of the induced
voltage at line termination where as it in-
creases the induced voltage as the line mid-
point is approached. The results obtained in
this study will be useful in evolving a suitable
lightning protection scheme for rural telephone
exchanges which are interconnectrd usmg over-
head lines.
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