


ANALYSIS OF CURRENT CARRYiNG CAPACITY OF OvERHEAD TRANSMISsIoNLINE USING FINITE ELEMENTS TECHNIQUE AND LIFE TIME OF ITS JOINTS
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ABSTRACT
The thermal behaviors of the overhead transmission lines and its connections are numericaily invesrigated. The effect ofthe environmenlal conditions on the thermal rating,of T.L is presented. A finite element r""hniqu, is applied to the twodimensional transienl conduction equations with different actual,boundary conditions for both the transmission line andits connections' Both experimentaf and numericat studies u." caJ"a Lut. Measurements of rhe radial temp€raturedistribution is conducted on a T.L of cardinat design at operating current of 200 A. The comparison between the presentpredictions with the presenl measurements for the carclinal bise design ..h"*r good-;;;;;menrs. Also, the presenrlheorelical model was modified to cope with r.L connections and rhe two dimensions temperature profiles are obtaine<Jat different operating conditions. A new correlation between the radial temperature difterence and the operating currenris obtained which may be a new factor that must be taken into consideration while loadin!-ir"nrrission lines. Life rimeof overhead transmission line is catculated by using ageng mechlisms. The r".to..irr."ted on rhe life time ispresenled' The effect of the environmental condirions (actuaiwearher, dusty and / or very low remperature conditions)is found to tre more effective on the T.L rating especialty at trigh io"oing condirions. i'1," *i"a speed is an effecriveparameter on the thermal behavior of T.L. The temperaiure difrerence bitween ttre ceiie. and surface of the T.L isfound to be dependent on the loading current, T.L geometry and the wind speed. The presence of a thin tayer ofpollutants increases the temperature level. fie increaie in the oxide iayer thickness tends io increase temperature rise,which leads to mechanical failure of the T.L. Therefore, this thickness must be minimized as possible.

steel - cored conductor, the magnetic properties of the
core must be known. Tlre eflect of magnetic field
strength, tensile stress and temperature on the modulus,
real and-. imaginary part oi the complex rclative
permeability, the hysteretic angle. the losi rangent, the
total core loss and the hysteresis loss, are illustrated bv
comprehensi ve measurements [3]

2 EXPE]RIMU\ITAL SE-T UP
The transmission line is rhe primary medium by which
electrical power is transmittid within a power sysrem.
The function of overhead Ines is to transmit electrical
energy, which causes temperalure rise on it. A test was
constructed to realize the change in the temperature of
transmission line during current passing rhrough it. The
present test section is formed from 7 steei strands
surrounded by 54 aluminum strands and each of which
is 2.7 mm in diameter. Fig. (l) shows a layour for the
prcsent test section, which represents an overhead T.L.
The test line is fed with a constant current flowing from
a current injector who is connected to the 220 Volts
supply. The temperature at each steel and aluminum
layer is measures by using copper Constantine
tbermocouples of 0.5mm diametei. The points of
measurements and their leading wires are connected to a
Data Logger. The following st;ps are processed in each
run: adjustment of current injector, adjustment of clara
logger and set on of the currint injecror. The tollowing
readings are measured and recordid for each test run:
reading of current and recortling of the dara logger
output. The data logger automatically records borh sleel
and 

-aluminum temperatures ar different measuring
locations.

3 RESI'LT'S
The radial temperature distribution across the
transmission line as well as the axial remperature

I INTRODUCTION
In most of the developing countries tlre demand for
electric power is increasing yearly, and there is a
corresponding requirement to increase the pow€r
lransferred by transmission and distribution linis. A
solution would be to build new lines but this may not be
feasible on account of economical and environmental
considerations. Hence there may be pressure to increase
the load transGr capacity of the old lines as well as the
new ones. The conductor temperature depends on the
load current. the electrical' characteristics of the
conductor. and the ambienl parameters such as wind andsolar radiation. The relationship belween these
parameters is known as the heat equation. The heat
equation for two{imensional transient conditions was
exam.ined within the present wort. The main objective
of this work is to investigate the thermal effects of the
flow of electric currcnt with different intensities through
the T.L with different designs at different rveather
conditions [1.2]. In the experimental part of this work,
measurements of temperature distribution through the
conductors were csrried out at a loading current of 200A. In the analytical part of this work,-a finite element
technique was adopted for the two dimensions condition
equation to predict the temperature distribution through
stranded conductors at both transient and steady sta=rc
conditions. The effect of weather conditions and
environmental conditions were investigated. Also, rhe
present model was modified lo predict the temperature
distribution rhrorrgh rhe T.L connection Il]. A method
for determining transmission line ratings based on the
relationship between the conductor's teiperature and its
sag is presenred in Ref. I I]. This method is based on the
nrling span principle antl lhe use ol trnnsmission line
tension monitoring systems. To calculale the radial
currenl distribulion and core loss within a concentrically
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Fig. (-2 ) Expermantal data fortransient temprcture
pmfiles aluminum and steet layers, clean T.L.at a

current of200 A and Uw = 0 .
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Fig.trt Transient tempreture profiles for clean T.L.at a
cunent of 7200 A and Uw = 0, I ,5m./s .
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Fig.( 5 ) Transient tcmpreture profiles for T.L.with I
mm ccment layer, at a currcnt of 700 A and Uw = 0,1,5

m/s.
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Fig. ( 3 ) Theorcticat transienr temprcturc profilcs
aluminum and steel layen, clean T.L. at I = i00 A and

Uw=0m/s.
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Fig. ( 6 ) transient surface tempreturc for T.L.wi0r I mm
layer of differcnt pollutanrs at 700A and Uw = 0 .
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FiS ( 7 ) ) Transienr temprcrure profilcs forT.L.with I
mm rce laycr, at a current of 700 A and Uw = 0,1,5 m/s
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Fig. ( l-0) Tcmperature distribution along the contacr
zone at diflerent values of contact widrh 1i I for ACSR
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Fig. ( 8-)-]emperarure distribution along the contact
zone at different values of toading curreni for ACSR at

steady state.

l-ig. ( 9 ) Temperature distribution along the contact
zone at diflerenr values of oxide thickncss (d) for

ACSR at I = 700A .
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prevented. The mixrure of tlust parricles 
"ould 

i uery
harmful to the conract [6J, especially under low normal
tbrce. [n contaminared atmospheres, metal samples are
subjected ro dust and humidity so that corrosion of the
surfaces will occur. The lile time of the closed electrical
conracts is affected by the main lactors which may
occur simultaneously [7]: Reduction in the a_spot
section and increase in the oxidation layer at ihe
contact. Running the computer program and calculating
the life time of the connections at different operating
temperature of the connections. It can be noticed thai
the life time decrease with the incrcase of the operatini
temperature, which results jn the increase of the contact
resistance due to increase of oxidation film as shown in
Fig. (12). Oxide filrns grow on rie connectjon surfaces.
When such corroded surfaces are in contact with each
other, the contact resistance increases duo to cu:ent line
constriction. Hence, the increase in contact resistance is
generally anributed to corrosion film growth. So, the
contact reliability i greatly degraded and ttc contact
performance and life time- are impaired. Tle
temperature in the contact zone is directly related to the
voltagc drop across the intcrface. fijgh opcrating
temperature and humidity increase the ratc of metat
odde formation at tbe contact surface. Hence, the
contact rcsistance of the connection increases, and tbe
tife tince decreases.

5 CONCLUSION
The comparison between tbe experimental data and the
theorctical results sbows an acciptable agreement in the
steady stat. I can be concluded- that thJpresent model
is 

. 
a satisfb/tory mcans for predicting the thermal

behavior of transmission lines'and thcii connections.
The effect of the environmentat conditions (actual
weather, dusty and / or very tow tcmperature
conditions) is found to be morc effective on the
transmission line rating especially at high loading

L*nt: pe wjnd speed is an eflective parameter on the
thermal behavior of the transmission line. Although the
increase in the wind speeds decreases the transmjssion
line temperature level. It has no significant effect on the
radial temperature differenc.r.rp."i"lly at low values
of loading curent. Tbe temperarure difierence bctween
the center and surface of the transmission lines is found
to be dependent on the loading current, the transmission
line geometry and the wind ipeed. The presence of a
th-in layer of pollutanr incrcases tbe temierature level.The Ti"l temperatwe distriburion through the
connecting cramp at rlre transmission rines connection
z,one is-strongly affected by the following parameters:
the loading curent, rhe contact width. the thickness of
the aluminum oride layer and connecrion geomery. the
increase in the oxide iayer thickness tends to increase
temperature rise. which leads to mechanica.l failurc of
the fansmission lines. Theretbre. this thickness must be

1n*r:* as possible. As the operation of any
transmission line is limited by the loading currenrs, sothe thickness of thc oxide laver 

"- i" minlmizeO
making the conract area as wi<le es possible. The a_spot

temperature rise in the contact zone is mainly a lunction
o_f the voltage.drop. across the interface. The aging rate
lncreases rapidly with increasing voltage drop across the
interface. Thus the a-spot temperature is a very
important parameter with regard io the aging of rhe
connectors. The results of computer program indicate
that both contact force. surface oxidation f.ilrns and
geometry play imporrant roles in the electrical
performance of aging connectors.
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