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FIELD MEASUREMERTS AND CAICUIATIONS
OF 220 KV OVERHEAD THRANSMISSION LINE

By
X, abed K. M, Shebl S« Ao Paxghel x

STHACT &

The present papser reports experimental results of both
electric and megnetic fields produced under a 220 kV overe
heed transmisaion line at different heights above ground
and at varied transverss distances from line center. 4
gimplified experimental technique 1s used for this purpose.
The indirsct effeoats of both fields are appeared on the os~
cilloscope in the form of ourrent treceas which are recorded
by & photographic camera, Some of the reproduced photographa
are also contalned here. The values of both fields are alao
computed at two selected sites in the ares between Trlkha
and Tanta substations., These velues are estimated by using
the moment techniaue and compared with the correaponding
experimental results.. |

INTRODUCTION:

The rapld advancament in the incresse of travamission
volta.ges‘ bae led to intensive research in the accompanied
bigh~voltage phenomens. It 1s well known for electrical
engineers that there are many reascns for the evar-rising
characterinstic of the operating voltage of electrical power
gystems.. 48 the voltage level is increased many performances
are considerably improved. In Bgypt, the tranamlasion voltage
iz not Increased continucusly but at lrregular intervals in
the succesalive fashion 11 kV, 22 kV, 33 kV, €66 kV, 132 kV,
220 KV and 500 kV. Higher transmission voltages are used in
other countries, namely 750 kV and 1000 kV
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The ever-rising charecteristics of the operating voltage
6f overhead txansmission lines put forth many probleme bee
fore the electrical power-system engineers. These probiama
are ao meny that it is very difficult to encompass them with~
in the framework of a single research work. One of these pro-
blems is the formation of electromagnetic fileld around the
bhigh~voltage energized transmission lines. It is very iwpor-
tant to study the influence of this field on the surrounding
life forms and objecta, To bave & clear idea, the value of
both electric and magnetic fields under the high-voltage
tranamission lines must be determined., Therefore, this work
i8 almed ¥o determipe the value of the twe Tields at diffe-
rent levele and transverse distances undexr & 220 kV energized
overbead transmission line interconnecting the two substations
&t Talkhs -and Tanta. These values are determined by measuring
using a eimplified experimental technlique and numerically by
applying the moment technigue.

KEASUBRTING TECHNIOUR SITESS
¥eaguri Siten:

The measurements are carried out at two places under 220 kV
sipgle-circult overhead transmission line interconnecting the
twe substations at Talkha and Tanta. The first place is chosen
under the begin of the line near Talkha substation, while the
second at Toukh-Mazied village nesr Tanta. Both gltes are se-
lected awsy from any disturbing object te aveid ite effect on
the messured flields. The two substations have many lines having
different operating volteges ranged from 11 kV to 220 XV of
both types of trensmission lines namely underground cables and
¢verhead lines, Messurements are performed under the line away
from any perallel lins while it is operated under 210 kV and
300 A as loading current, .

Fi Eeasurensnts

To avold any disturbing effect on the measured wvalues of
both the electric and magnetic fields, a sinmplifisd exparimenw
tal system is used here. When measuring the elsctric field, the
aystem corsists mainly of an oscillescope, & parallel-plates
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condenser, & woodsn cage and shield cables for all comnece’
tions. The megnetic field is measured by the same system
after replacing the oondenser and the cage by a search coil
&nd bhigh-voltage sticks. The oscilloscope differs from all
field measuring instruments since it has no moving perts
when 1t is in operation. The used cscillosoops (Advance
Electronic, 17D, VK) is supplied from a portable genexating
unit of Hunda type, 3 kVA, 50 Hz and 220 V placed at least
100 m away from the measuring alte. The condenser can be
conglderesd hare 48 & gradient meter and consista of two
similar aluminium plates, eaok of 26 x 28 cm and 1 mm
thickness isolated from each other at 10 mm spacing. The
wooden cage is used here to support the condenser at diffe-
rent levels under the line %o avoid the proximity effect of
the researcher and his cowworkers, It is about 3 m high and
bhas g square crosa-gsection of 30 x 30 cm. The cage iz pre-
pared to enable the condenser mounting during test either
borizontally or vertically at heigbts of 1 m, 1.5 m, 2 m,
Z2e> m snd 3 m to measure both the horizontal and vertical
componenta of the electric field at these heights. The sane
somponenta of the magnetic field at the before-mentioned
heights are alsoc meapured by the search coil and highwvolw -
tage stlcks. The coil has 2500 turns and is of 5 cm long
and sguars cross~eectional arsa of 1.8 x 1.8 om.

librated in the high~voltage laboratory by mesasuring a
known electric field betwesen two parallel plates each of
60 x 100 aq. cm and spaced 50 om apart from sach other.
The calibrating condenser is supplied from A. C. high=-
voltage genarsting circuit having output voltage of up to
80 k¥ (R+ M+ S.). The condenser is placed between the two
plates of the calibrating condenser, which can be consi-
dered to bave a uniformly distributed electric field,
neglecting the end.affect.

Calibration is also carried out for the magnetic meaw
suring errengement by using s standard solencid of 450
turng, 1 m long and 10 om mean diameter, The search coll
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is placed inside the calibrating solenocid where the magnetic
field is uniformly distributed. The value of the megnetic
field inside the solencid can be theoretically calculated
and‘meaaareﬁ by the search ceil and the ocascilloscopes

Fleld messurements were carried out at two places in the
area between the two gubstations at Talkba and Tsanta under
220 kV energized overhead transmission line, interconnecting
the two subgtations, This lipe is & single-circult line and
hap three 504 ~ stranded conductors sach of 400 sg. IE &rea.
The three conductors are supported by steel towers each of
about %6 m height and three crogg-arms each of 5.3 »n long.
The helghts of the three conductors are 19.87 m, 23.26 n
and 2%.%6 m above ground. Messurements are carried out away
frem the nearest tower by at leest 50 m to avoeid any digw
turbing effech on the field values,

Moasured Fields:

Electromagnetic field is measured under 220 XV overhesd
transmiesion iine at the two selected sltes between Talkha
and Tanta substations. The line is located above a flat
homogenous ground surface. The weather during all experiw
nents was falr with temperature of about 25°C, Fleld meaw
surements were performed under the 220 kV liine away from
any other parallel operating line to avoid any disturbing
effect on the measured fields., These fields are mespursd
by the simplified exparimental arrangements described bew
fore. The field at any selected point is estimated by ten
Buccessive messurexents. The operating voltage and current
are recorded during the measurements and all results re-
ported hers are related to 210 kV and 300 4 recorded at
Talkha substatlion. '

The electric field is messured separately at each of
the two selected sites at different distances from lins
center and at various heights above ground under the line.
The obtailnédd results are illustrated in Figs. (1) aand (2).
Figure (1) thows the experimental results of the electric
field near the two substatious at 1 m above ground. Bach
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Fig. 1: Computed and messured values of electric field under 220 kV
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Fig. 23 Comparison between the compubted and measured values of

the electric field under the cenmter of 220 kV overhead
transmisslon line as function of the helght above ground.
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value givean here represents the mean of 10 successive res-
dingse. It 18 clearly seen that the electric fleld has its
highest value Just at the line center. It decreses as the
distance from line center is increased either to the left
or to the right. The electric field measured near Talkha

is higher than that at Tants at the same dietance from line
canber. The electric field intensity depends of course on
the height of the measuring point above ground. Thls is
clearly illustrated in Fig. {(2), which shows the dependence
of the electric field on the height above ground. is this
height is increased, the electric field increases also &t
the same distance from line céﬁﬁar at the two me&suring
sites, Here aliso, the values of the alectric f£ield measured
near Talkha substation are higher than the corresponding
values measured near Tenta subastatlion. This may be explained
t0 be due that the operating voltage st Talkba is higher
than that at Tenta., Not cnly the value of the slectric
field under high~voltage lines is affected by the helght
above ground but alse the wave shape and frequency are afe
fected, This is also investigated by the oscilloacope and
by many photographs receorded for the current traces on the
oscilloscope. As example, Fig. (3) shows some reproduced
photographs of the oscilloscope current traces formed as
indirect effect of the electric field under the line. It is
clearly illustrated that the electric field has horizontal
component differing from the vertical at the same mesasuring
peint (Ph. & and b). The two components are affected by the
bheight above ground (Fh. & and c). |

The mﬁgﬁﬁtic field produced under a high-voltage trans—
nissicn line can be briefly expleined as follows. I the
currents of the conductors gre A&, C.y & time~dependent ma-
gnetic flux density will be produced inside and around the
gsonductors in the form of ellipses. The value and direction
of its vectors are timewvarying. The summation of thesse
vectors forms an elliptic rotating-field.

The magnetic flux density is also measured at the two
messuring sites by using the aearch coll and high~voltage
aticks of different helghts as described before. When this
¢oil is placed in the time-varying magnetic field produced
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a) Horizontal component of
of electric field under
220 kV 1ine at 1 m above
Eroundo

b) Vertical component of
electric field under
220 KV line at 1 m above
ground, , ’

¢) Horizontal component of
electric field under 220
kV line at 2.4 m above
ground,

Fig. 33 Oscilloscope current traces produced by the electric
field under 220 kV transmission line ut differnt heights
above ground level (1 msec, 5 V/div. ).
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by the high-voltage line, & time-varying potentiasl will be
induced. This potentisl is proportionsl to the flux varis~
tion in the coil according to Farday's law. The indirect
effect of the time-varying magnetic field is measured by
an oscilloscope. The electric current flowing from the coil
to the oscilloscope can be considersd to be directly pro-
portional to the magnetic flux density wnder the line. Thias
Arrangement is calibrated by measuring a known pagnetic
flux density as described in the forsegoing section,

The magnetic flux density is measured under the 220 kV
line at differsnt heights above ground and at varied dige
bvances from line center. Figures (4) and (5) shows the ex~
perimentsal results of the magnetic flux density recorded
at the two selected measuring sites. Flgure (4) shows the
variation of the magnetic flux density with the distance
from line center at 1 m above ground at the two sites. The
highest value of the magnetic flux density is also at the
line center and is of about 0.12 x 16~ Wo/n° measured
near Tanta substation. The magnetic flux denslty decreases
ag the distance from line center is increased either to
the left or to the right. The magnetic flux density pro-
duced by a highwvoltage line depends also on the helght of
the mesasuring point above the ground level., This is llilu-
strated in Fig. (5), which shows the variation of the mag~
netic flux density at the line center at different heights
above ground. The magnetic flux density increases a8 the
height is increased. The measured values near Tante sub-
stetion are higher than those recorded near Talkha subste-
tion because of higher current at the former. The masnatie
flux density incroases frou about 0,12 X 10~ wy/o® to
about 0,14 x 10™* Wh/u® as the height of the search coil
is incressed from 1 m to 3 m above ground.

The megnetic flux density under the high~v$1tage line
bhaeg a character differing from that of the slectric field.
This ig obsarved during all messurements on the oscillo-
Bcope and recorded by a photograplde camera. Figure (6)
showsa some re,rﬁdaga& photographs of oscilloscops current
traces producsd by the magpetic flux density formed under
220 kV line. The amplitude of the current on the cscillow
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88 & function of the height above ground.



Es 30s I, Abed, Shebl and Farghal.

a) Horizontal componeat of
the magnetic field under
220 XV line at 2.2 m above
grounde '

b) Magnetic fiesld at 1.8 m
above ground. )

¢) The magnstic field under
320 kV trensmiggion line
at 1 m above srounds

Pig., 63 Qacilioscops current traces péadueaa by the magnetic
field under 220 KV overhead transmission line (C.1

HESOCs g 20 ﬁ?fdivq)g
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Bcope depends on the position of the search coll and its
height above ground. The magnetic field produced by high-
voltage trensmiesion lines having time-varying currents
has a comparatively high longtudinal component parallel
to the transmission line. The oscilloscope current trace
of this component is shown in Fig. (&, Ph. a). The traces
of the magnetic field at different heights are shown by
Ph. b and Ph, ¢ in Fig. (63.

Computed Fields:

The computation of the electric and magnetic fields is
parforned unaing the moment technique suggested by Splegel
(Ref, 2). This technique depends mainly on the estimation
of both the current and cherge induced on an ¢bject by the
electromagnetio field produced by the transmission line by
uging the image theory and guasi-static approximations,
The induced conductor charge can be calculated by Matrix
Algebra in terms of the conductor line~to-ground voltage
and the coordinates of each conductor and its image and
the observation point with respect to the ground level.
The electric field is estimated in terms of this charge,
while the magnetic field is determined in terms of the
conductor currents which are time~varylng and produce a
time~varying rotating field.

Computations are performed for each observation point
under the load conditions mentioned before, namely 210 kV
and 300 A. The computer results are also shown in Figures
(1)s (2, (&) and (5) represented by the solid curves. The
computed values of both fields are higher than the corree
sponding experimentsal values. The latter can bs conslidered
88 more accurate than the computed values because of many
approximations in the computation technique and neglecting
the prOximéty effect of all surrounding objscts and life
forms.

CONCLUSIONS:

The electric and negnetic fields under a 220 XV trans~
mission line are messured by means of & new simplified
experimental techniqua at two messuring sites in the ares
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between Telkbs end Tante substations. Measurements are perw
formed at different heights sbove ground end at varied
transverse distances from the line center, The indirect
effect of both fields is appeared on the oscilloscope in
the form of current traces of amplitude depending on the
beight above ground. This effect increases as the height
above ground ls incressed abt the same transverse distance
undexr the iine, The highest value of both fields is ob-
tained under the line center. Some reproduced photographs
of the osclilloscope current traces formed by both fields
are given and illustrating that the amplitude and frew
quency of them depsnd on both the height sbove ground and
the transverse distsnce from line center, The two lields
are also computed using the moment technigue and found ¢o
be higher than the corresponding experimentel values due
to both the approximation in this techmique and neglecting
the proximity effect of the surrounding objects and life
forms near the high~voltage line,
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