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SAFETY CONSIDERATIONS
IN
UNTRANSPOSED OVERHEAD TRANSMISSION LINES
BY

M. Tantavy* & 8. Farrag“

ABSTRACT:

For untransposed E,V. T.L. the electro magnetic and elec-
trosratic effects are so0 large that affecting the balance of
TelL. phase impedances. 8o, 1f an ungrounded object in the
near by of such lines, induced voltage will appear on it caus-
ing a flow of current from the object %0 ground through the
object's capacitance.

This paper presents formulae for predicting the induced
currents passing through an object in the vieinity of such
lines.

Also, formulae for predicting the voltage gradient are deve-
10pad-

1- INTRODUCTION:

For an ungrounded object in the nearby of extra high
voltage transmiassion line, induced voltages appear onmn it due
to the electromagnetic and electrostatic induction, causing
a flow of current from the object to ground through the obje-
ct's capacitance to gound which will be energised,

These induced voltages are more severe in the vicinty of
untransposed transmission lines.

If a low impedance such as a person's body shorts the
object to ground, there will be an initial pulse of current
to discharge the energy stored in the object's capacitance to
ground. This discharge may be painful or ey “--==dane ta
humans. g

2~ Induced Current In An Object:=-

For the object X of lemgth Ax i-
(1), in the nearby of a set of coné
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Vl, sssn ey Vi, senneey Vn and clrr}'ing Ch‘r‘..
ql’ ss sy Qi. essen ey Qn then the ObJ.ct 'i].l has an
induced voltage Vx, and will carry & charge Qx.

The voltage equations can be written ass;

vl Pll [ 3N BN BN BN BN BN BN BN I N B ] Plx ql
2
= . ooooooooo(l)
vn Pnl o8B0 B0 sre e Pnn Qn
vx le L B BN I BN BN BN B B BN BN B ] Pxx Qx
Simbolically,

v] = [»] . [q] cocrsnees(2)

Generally, the current flow from the i th coaductor to
the object is,

~
Iix a J v, cix . (vi - vx) . ‘x 4nps o.oo-.oo.(})
where,

ci = is the mutual capacitance between i tb conductor
and object X in the absence of the other conductors.,

S0, the total current flow to the object from m-conduc-
tors is,

n n '
ZI'.x = Z le x J We Ax . ZC\ix o(Vi."‘ Vx)¢¢-0(4)

i=] i=]
If the object is grounded; (Vx = 0) therefores,
B N\
1 x = J '._ Ax . ; Cix . Vi 000000000(5)
=1
P
1_1)i+(n+1) . cofactor “ix Parad/meter

determinant of P
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n To simplify the expression of Ci
(V ) may be introduced asi

AREH IR CN

or in expanded forma,

« & nevw set of vol tages

N B i .
r ¥ Pll Ql
V\ = P (6)
2 22 % L B BE BN BN BN BN B BN |
\ p q
[ nJ N III_J L..n_J
Solving eqn.{(6) for Qs Greeeens Q, and substituting in
eqns(l) givess~
- r 1 N
vlT | P o/PppeeasPy /Py v,
Va B le/Pll 1l RN ooco-oo(?)
‘ \
Lvn Lpnl/Pll e s s et o s b l vn
Symbolically:
(vl = [n] . [
_— .........(B)
o.. V\] = [}{‘l . [v]
where,
Hii = 1
and  H;, = Pij/P”

50 , the voltage of conductor i is:-

n P
'-'-}:_— -—P-u— ® v; ....a....(9)
& fu
.. Bubstituting in eqan. (5) ,
2 \
. o Ix = J ¥ AI : Cix . vi .oa‘ooool(lo)

iz]
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vhere,
cix can be approximated to a high degree of accuracy asgs-

Pix
C,p = — Farad/meter.
x P .P "PZ
ii " xx "ix

3. BEnergy 8tored:

The energy stored in the object's capacitance to ground
is:

. 2 .
SEx = ‘ﬁ Cx . pr JOI]].QS ..o-n..-t.(ll)

where, .
pr is the object's peak open circuit voltage.
It Rx is the leakage resistancs, pr is given by!

pr =2 Ix . Rx/(l + Rx L] J e Cx) VOItl .......(12)

The current I can be calculated from eqn.(10) and the
value of Cx (the object ~to~ ground capacitance) can be

approximately conputed(S) as!
A
Cx = ( }.;{.8 - l) « 1000 picoflrads a.o.a.-oac(l})

4. Voltage Gradient 3);

At the vicinity of apn 0. He T4 L., the voltage gradient
is given by: -3
qi.a Hi.lo

Ex =. -'—1"‘:'—’ 2 2 KV/IQ -o-coo.(l“‘)
27T €5 — By + 85,
and [Q] = [P]-l . [V] cecsscasecallD)

where:-
Hi is the phase bundle height above ground in meters.

S is the distance in meters from the i ih bundle to
the point of interest.

o is the number of phase bundles.
Q is the charge of phase bupdle in coulombs.
€° is the permittivity of free space = 8.854.10-121/1.
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5)
5. Approximate Foraulae For Predicting Electrostatic lttocé;z-

5e¢ele Induced Currents

For a long truck and an automobile of dimensions as shown
in Pig.(2), FPormulae are developed to have the maximum induced
current 1I__, the cutt-0off current Ix s the cutt-off distance L,
(the diatfgce from the center phase %o vhere this curreat level
exists), and the slope °<xc'

For T.Le. with horizontal configurations, different phase
spacing, different operating voltages, and different heights,
the induced current defined by egpn.(10) can be evaluated and
plotted as a function of the distance Fig. (3).

Imperically the maximum r.m.s. induced current is given

-b
pr =z a .(KV) . (Vp.u.) . i?? « b mA 100000(16)

byt~

where,

a is constant, depends on the line voltage and object
size.

KV 1is the nominal line =to- line voltage of the trans-
mission circuit.

h is the height in meters of the flat conductor configur-
ation above the ground.

b is constant which depends also on line voltage and
object Bize.

S is the phase spacing in netors.‘

vp u is the per unit operating voltage of the line.
Table (1-A) gives the constants & and b for predicting
maximums r.m.s, induced current 1I_ .

The cutt=off distance L, vas found to be & function of
phase spacing 8. It can be calculated as:-

Lc = C . 3 + d c.aoccoo-c(l?)

where, constants C & d are given in Table (1-B)

The cutt-off current I depends on line veltage and
xc
object size
Iee © vp.u. « Iyco BA erscnsnssa(18) ‘
where, T
Ixco is the cutt=off current a4t nominal voltage.
Table (1-C) gives the values of Ixc

for a long truk
and an automobile. .

©
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induced current Ix

FIG 3 ) ZONE BOUNDARIES FOR INDUCED CURRERT
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The slope °C, . is the greatest slope of a straight line
through the cutt-oif point, defined by L, and I_ , and tangent
to the induced current curve, It is a function 6f conductor’
height and is given by:=-

xc = g h-a nl«/m .....-.-..(19)

wvhera,
g is &8 function of line voltage and object aige, and
given in Table (1-D)

5.2. Voltage Gradient:

Similarly, the maximum r.m.s. vol tage gradient is given
by the following formula:

Exp = n.(KV) . (Vp.u') . rs_ . H-n KV/n 100-0(20)

where, m and n depend on line voltage and are given in Table
(2=A) for various voltages.

The cutt=-0ff distance Hc is given by:=-

HC =p.5+q meters i o.o-o-oooo(al)

The values of p & q are given in Table (2-B) for various
values of line vo]ltage.

The slops ch' is given by:-

pxc = R.H-a KV/m/m .-.......-(22)

where Table (2-C) determines the values of R for various
vol tages.

The cutt=-off voltage gradient, Exc is given by

=V B
Eye PeU. ° "Xxco

whera,
Rxco is the cutt-off gradieat at nomina]l voltage
and given in Table (2-D).

6., Humerical Application:

1f an automobile with dimensions shown in Fig.(2) in near-
by & 765 KV line having & phase spacing 8 a 15 m., conductor
height h = 15 m., two 46 m.n. diameter conduotors per bundle
and subspacing of 0.49 m. The line was assumed to- be operating
at 800 Xv. It is required to est&blish areas along the right
~0f« way at which electrostatic effects may be & problem.
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Solutions-

From Table (1-A), for an automobile, and at 765 KV,

t.. a = 0.0497 & b = 1.635
Substituting in eqn. (16)

. _ 800 =1.635
. ] I - OOM ] ] L ] [ ]
xp ( 11) (765) (-?E;-) 15 (15)

= 1-52 B.A,

From Table (1-B)
,o.o c - 1.491 & d = 20.20
Substituting in equn. (17)

(10491) . (15) + 20020
#2056 B

o » Lc

From Table (1-C)

. s 11003 0.36# Behe

Substituting in eqn.(18)

Ce I = ( ggg ) o+ ( 0.364) = 0.38 m.A.
From Table (1-D)

e 8 = 12.97
Substituting in eqn.(19);

ce K= (12.97) « (1572 = 0.057

e'e S0, we can plot the zone boundary values from the fore-
going results as shown in Fig. (4).

Substituting in eqn.(13) to have $the automobile'’s capaci=-
tance to ground,

e e Cx = (—%f%gi - 1) « 1000 = 899.6 picofarad assuming that

its leakage resistance is infinite, and substituting
in eqn.(12) So,

2 «(1.25.10°3) « By

2 .(50) .« B,_.(899.6 . 1071%)
Substituting in eqn.(11) to have the discharge anergy,
e 5B =% (899.6 . 10712) | (e254.97)?
1759 milli-joules.

v

= 6254.97 VOItSQ
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7. Conclusions:

Formulae for predicting the maximum induced curremt in an
object in the vicinity of EHV and UEV lines have been presented
which enable the deslgner t¢ establish the zone at which the
electrostatic effects may be a problems.

Also, Formulee for predicting the voltage gradient at
ground jevel have been developed.
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