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CURRBNI AND BREAKDOWN OF POWER CABLES
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Abstract :

The present work reports an experimental investigation of
the effect of temperature rise on the leakage current sand thermal
breakdown in power cables. ian empirical equatiom was found to
give the relation between the leakage current and the temperature
of the insulation. It was found that the thermal] breakdown occurs
when che heat generation in the insulation is larger than the
veat dissipastion in the surrounding soil. The variation of leaxage
current with the temperature wss well investigated and it was found
tnat the leskapge current increases with increasing of ingulation
temperature.

Leaksage current in power cable nggicts the criticsal bresk=-
down voluagze in nigh-voltage cables. It was anticipated that &
sipniticant of deterioration could be devected by measurement of
leakage current at the operating temperature especislly if the
deterioration had progressed to a point where the cable feilure is
izminent ,

l1- Introduction :

Underground csbles ere an indispensable intermediate stage
in practicslly all power systems, either to trensmit electrical
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energy to overcrowded metropolitan areas where overhead 1lines
are impossible to string, or to form connectioms between the
different electrical components in the switch=yard .

The rate of increase of installed capaclity all ever the
"world is rather high, but still too low to follow the higher
rate of increase of demand. A representative figure for this
rate is 7% per year, which means doubling the power energy ebout
every 10 years. This means more generation, including muclear
stations, rpore transmission and distribution. of ebergy. For
exsmple, the total energy consumption of Manseura Zone is 260 kln
AWh, heving maximum dewend 73 MVA on 1981, from which 118 Mlao .,
EKWh industriel load, 15 Mln.EWh rarel load and 115 Mln.K#k puni-
cipalities consumption. The corresponding values on 1973 were
70.4 Jln, EWh and 18.6 MVA as maximum demand. For the realisation
of the scheme recomendations, it is neceasary to imstall 195 new
distribution transformer 11/0.4 Kv and laying 133 Xm of mew 11l Kv
cables. The cable, if of poor efficiency, may féra a bottle—-neck
in the process of energy flow in a power system.

In the design of & cable chere are electrical, thermal and
mechanical consiuerations, in addittion to the economical onss.
Thege factors vary according to che specifications of the mater-
ials used. Higher voltage necessitates & thicker insulation, and
higher currenv necessitates a bligger cross—-section of the cob-
ductors. 'he neat dissipaved tfrom the cable has to travel through
the ipsuluation, sheath and servipg sud then through the ground
to the atmosphere.

Por high~voltage cablea, the thermal parsmeters are tlosely
connected with electrical parsmeters, since & part of the energy
is dissipaved in the dielectric and converted into heat leading
%o the neating of the csble itself ., Heating of the cable red-
uces its electrical strength, increases the power factor of the
insulation and increese the leakage current. Heat flow from cable
to the surrounding soil dspends on the ambient temperature, so
the worst conditions for certain loading are in summer where the
ambient temperature is maximum.

The temperature rise of cable is mainly due to copper loases
which will be transmitted to the soil. The power transmission and
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distribution capabllity of power cables suffers from thermal res-
trictions imposed by four inherent physicel properties of the

cable insulation, viz. the permissible operating temperature, the -
dielectric power factor, the leakage current and the dielectric-
constant, With direct buried power cables carrying a heavy load
continuously, drying out of the soil immediately surrounding the
cable occurs in the summer months and the thermal resistivity may
rise to value in excess of that adopted for current loading cal-
sulations with the possibility of the conductor unduly high temper—
atures, or even thermal breakdown occuring.

2~ QCable Construction and Test Equipments @

There are many various types of pahlesused in Egypt in AC
power trangmission. Different types of cable were selected such
as impregnated paper and polyethylene cables. To comtrol the con-
ditions affecting the leakage current and breakdewn in powex
cables, cable samples were prepared for testing in H¥«laboratory.
These cable samples had a total lenght of 3 m. The samples were
aken to cover a wide range of cross—sectional aress used in the
aistribution of electrical power in Egypt. Table (1) Shows the
nain dimensions, conductor materials and type of insulation of the
able samples under test .

Sample Conduetor Insulating Croas-Bectional
materials materials Areas, sq.ma
A Alum. Impregnated papex 3 x1%.
B Copper. Impregnated' paper 3x 0 .
C Alum, Impregnated paper 3x 7.,
D Alum, Impregnated paper 3x7 .,
B Alum, Polyethylone (IXLP) 3 x 240.
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To investigate the effect of temperature rise on leakage
current and breskdown of high voltage cable, manxy semples have
been used throughout the tests. These cable ssmples were located
in a wooden box of dimensions 1 x 0.75 x 1 meters. The bottom
of the box was totally earthed by metal sheets. The height of
cabie from the ground metal sheet is 0.7 m. The box is well fil-
led with sandy soil.

The equipment used congists essentially of & high voltage
unit witn a step~up transformer of 8 EKVA and 220/80000 V, oon~
trol unit, smoothing capacitor and HV-rectifier unit,

A direct reading AC and DC voltmeter with a suitable range
of reading is also provided. The applied voltage can be meagured
by means of a resistive potentisl divider &nd an electrostatic
voltmeter .

Leskage currents were measured in the RV-side by means of
a multi-scale, micro-smmeter naving full messuring scale of 1l0Qua,
which can be multiplied to indicate & current of'ﬁo BA.

The tempsratures of ivsulation were measured by using an
thermocouple potentiometer, Accurate results were obtained by
using a copper-congtantan thermeelectric pyrometer, glued into
wall flush with ¢ne surface of the cable cores.

The insulation of the cable was heated by allowing the full
load current {o flow in che cable cores using a ourrent trang-
former of type YUR Rusian kade, having a current range of up to
1000 4

%= Resulus and vlscussions @

o study the effect of temperature rise on the leskage cur-
rent and breakdown of power cables numerous tests were carred out.
In all tests the leakage current was measured by means of multi-
scale, microammeter as mentioned before. Readings were recorded
after dying away of cheargling currents.

The leakage current in a power cable under &pplied voltage
flows in & specilsal path through the insulation, sheath and armou-
ring Yo the ground. Therefore the leakage current depends on many
factors essociated with all the components of the whole path .
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Among these factors the temperature rise represents the most
serious factor affecting the cable operation and even the
cable life and safety .

A pumber of cable samples were experimentally inovestigaves
under w@ll-controlled conditions in High-Voltage Laboratory ,
Paculty of Bngineering, Mensoura University. Bach value of the
leskage current shown in the given figures represents the mean
value of 5 successive measurements after intervaels of 15 mioutes
to avoid any recharging or the cable under test. The standard
deviation of the mesasurements was found to be dependent am both
cable type and applied voltage. In all obtained results, it was
in the oraer of up to 15 % .

3-1 Bffect of Insulation Temperature on Leakage Current

The temperature regime of power cables hes an important
sigpificance. As a general rule, the leaksge current in power
cables should incresse with increesing of operating temperature.
To investigate this effect, messurements were carried out at
differenc insulation temperature in the range of up to 80?0 .
This range of temperature was obtained by preheating the cable
by flowing the rated-full-load current through its cores, using
[UR current-transformer, having a current range up to 1000 A.
lne current transformer wss supplied from & low=voltage supply
through & *~phase Troidsc supplied from 3¢, 380 V-gupply. The
leakage current in cable samples, was recorded under applied
test voltage of up to 20 AV .

To get-the leakage, current-temperature cheracteristic of
a cable sample, it was preheated and the iosulation tempersture
was measurea using & Thermocouple-Potentiometer. Fig.(1l) shows
she errect of operaiing tTemperature on the leskage current of
cable sample B, under AC applied voltage. It is clearly seen
from Rig.(1l) that the leaksge current incresses with increasing
of ipsulation temperature. As & comparative example, the leskage
current per unit length increased.rrom 15'11 t0o 21 mA as the
temperature was incressed from 20 C to 70 C at the seme spplied
voltage. The leakage current depends also on the type of applied
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voltage. Fig.(2) shows the variation of leakage current with the
operating temperature under DC voltage of both positive and DY g~
ative polarities. Under DC voltage the leskage current per unit
length in power cables is very amall in the order of l.icroanpe-
res per meter, It is clearly seen in Fig.(2), that the leskage
surrent of power csbles increases with the increasing of insula-
:ion temperature under DC voltage of both polarities. Begative
»olarity DC voltage gave higher current than ths same voltage of
ws8itive golarity..xs & comparative expample, the leaksage curre-
uts at 30 C and 70 C, under applied voltage of 20 KV of poslitive
|'olarity are 5.,5mA/m and 30,5 ad/m respectively. The correspon-
. ing values &t the same voltage of negative polarity 9 ui/m apd
‘4 ab/m respectively, It is cleearly seen that the leakage cu::rant
i3 increased to about 5 timea its initial w2ime as the telpratu.m
“ ralaedfrom)OCto'?DC.

The dependence of the leakage current on the operating tem~
I '‘rature of different cable samples was 'ilh ci‘.nvnstigated under
d. fferent applied voltages, namely A.C., and voltages. This depen~
d: ace was formulated as mathimatical relationships with the aid
ol the obtained experiment.l results. These analytical expressi-
0.5 give the leaksge current of given power cable in terms of
tri temperature difference .

Begionning with the AC voltage, the relatioushlp between the
le kage current and the insulation temperature may be approximea-
te . to a straigot line, naving slope depending on the cable type
an . applied voltage. Tnis expression was found from the results
skiwn in Pig.(3), which shows the leskage current temperature
ch: racteristic of cable samples under AC voltage of different

ve. ies. Tnis characteristic cen be expressed by the following
eqiaticng~-
I, =I, + k (A% )
Woe e -
-]
¢ = Leakage curreut at temperature t C in
ma/m
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-]
I = Leakage current at 20 C ma/m

At = temperature difference C

k = Constant depending on the cable type

The numerical vselues of constant K for the two cable samples A
snd B, as example, are 0.22 apnd 0,12 respectively, The current
I° depends of course on bota the cable type and app%ied voltage.
Cavle sample A gave leakage current per meter at 20 C of 8 mai ,
19 mA and 25 mA av respective applied voltege of 5 KV, 10 KV and
12,5 kV. rhe leskage current of cable sample A at the rated=-
voltage namely 10 KV, can be calculated &s

I, =19 + 0.22 (¢t - 20) ma/m (2)

s similar set of equations was found to estimate the leaksge
curreut of power cables under the rated~voltage and d@ifferent
operating temperatures. These equations can be applisd in practice
to determine the lesksge current in the different power cables
with sufficient accuracy. Under DC voltage, the leakage current
differs from that under AC voltage. This is produced beecause DC
leakage current is pure resistive instead of capacltive-resistive
leakage current under AC voltage. The variation of leakage current
with the operating temperasture was well lnvestigated and shown in
Fige(4) under different DC applied voltage, for cable samples A
and B, It is clearly seen in this figure, that the leakage current
of sample A under DC voltuge of is higher than that of sample B
at the same applied voluage. It is also clearly shown that, there
is a decrease in %eakage current of underground cable at low tem~-
perature up to 35 . The possible explanation for this phenomencn
in leaksage current is that the water in the impergnating oil
would be absorbed by the paper insulation, produced through the
process of extruding, moulding, neating and cooling. This process
leads to & drying of the impregnating oil and finslly %o & decrea=
sing in the leskage current. It is displayed in contrary behavi-
our, because of a large quantity of polar radicals cresated owing
to decomposition of the insulating papers under severe heating at
high temperature, The polar radicals cause the 1increase in leakage
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current at low temperature, but it decreases at temperature
nearly 35 C by catelling ionized materials, such as metaldions.

At higher temperature up to 40 0 the o0il would he able to
dissolve more water, and hence the water in the insulating
paper will tend to diffuse into the oil forming micro-voidas in-
the insulated paper. The latver may increase the leakage curr—
ent due to polarigation microdischarges inside the formed voids.
Water in impregnating oil will be distributed partly as emulsi-
fied and partly as & moleculsar phase .

The conduction in this case will be due to the presence of
water and impurities in the impregnating oil. These move into '
the high~field fegion leading to an increase in leaksage current.
In addition the viacosity of the oil decreases at high tempera=-
tures given the impurities more mobility to move. Impurities in
zae oll can be created as deterioration products of the oil
itself . Deferiorated 0il has lron sludge particles, hydrogen ges
and carbon particles.

Additionally the insulating paper can be considered as &
~ich source of cellulose fibres in the oil. These are polar and
»an be essly ilonized under the action of an electric field fore
uning induced ions, which increase the leakage current,

The conduction in power cable mey be raised by gas bubbles
‘ormation . Gas bubbles may be formed in the cable by one of &
~umber of possiblie mechanisms. They may be created either from
;a8 uissolved in oil, coming out of solution in reglons of high
+ield stress, or they may be formed cdue to vaporization of the
1il itself. They m&y be present from the time of manufacture of
il impregnated paper .

all these factors introduce & dependence of the leaksge cur-
ent on the concentration of water, gas bubbles and impurities
0 the impregnating oil .

At a certain field stress all these 1lpnr1ti.s will be loni=
. ed and become conductive depeunding on their sorts and permitt-
.7ities. They gather at the place of maximum electric stress and
{inslly form a conducting channel leading to a very high conducting
{urrentg.

This mey be followed by a breskdown of cable insulation aor-
¢ 58 this channel .
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It is clearly seen in Fig.(4), that the variation ip leaksage
current under DC voltage 1s exponential . An expobential exp-
ression was found with the aid of the obtalned experimental
results, glving the leakage current of power cable with inaul&-:
ted paper in terms of the operating temprature under applied DC
voltage. This can be expressed in the following exponential form
as 1

L, =I, exp (xx &%)
Where . .
It = Leskage current at temperature t C,pA/m
I, = Leakage current at 20:6,)1 A/m
o = constant depends on the applied voltage
and cable type .
At = tempersture difference C

The oumerical vaiues of |, and I, » 8t 20 KV, for the two mentioned
cable samples namely A snd B were found to be 1=

For 4 o = 0,03 ’ Io = 8 Al/m
For B x = 0.0335 Io = 7.5 Ad/m

By means of the above equation , the lesksge current can Dbe
calculated very close to the corresponding experimental values,
The calculated values by means of these equations are in a good
agreement to those obtained experimentally.

It can be used in practice to determine the leskage current
in power cables at any opersating temperatgrc up to the maximum
allowed operating temperature, nsmelly 80 C.

Beyond this range the leskage current increases rapidly and
continuous to increase till the dielectric material is dsmeged.
This is resulted beacuge sny increase in temperature increasesthe
hest generation in the dielectric, and this in turn produces a
further rise in vemperature .

3-2 Leskage Current as Pridictor at Bresakdown in Power Cubles :

The voltage required to breskdown a certain ingulation depends
on many factors such as the duration and mégnitude of the applied
voltage, the insulation thickness, cable length and sise.



E. 126. Manaoura Bulletin June 1979.

{
35 /
!
!
[
. 30 r
=
Ei Cable sample 4.
T 25 - _—————- Cable
g
bt
H
r
-
0 20
C
3
@
3
]
| 15
1¢
5
0 2 F 3 £ 3 g
10 20 30 40 50 60 70

=]

Temperature, C
Fig(4): The effect of operatimg temperature on the
leziare current of power cable under different
LC voltzze of positive polarity, between core
anc sheath.



Y. Abed 127

It depends also onh Tne maximum Cemperature attained in the
cable, the o0il pressure in the dielectric and the presence
ol moisture or gaseous cavities . The last factor is very
dungereous on the power cables during operating. Under high
dieleccric stressen COrona phenomeua are produced in the cavi-
ties whien in the course of time will lead To deterioration of
the cable insulation and even to breskdown.
The eliminavion of cavities in impregnated paper cable can
be achieved by three alternative methods explained as follows:—
i) Introduction of an inert gas at high pressure within the
lead sheath and in direct contact with the dielectric.
ii) The use of low viscosity mineraly oil for impregnation of
the dielectric.
iii) The application of externsl pressure to solid type csble.

Ingulation breskdown tekes place &t a point where applied
stress exceeds its own breakdown stress. Such point, that 1ls
breakdown at first, can be defined as the weakest point,

The breakdown voltage of insulation depends on its thick-
ness, the thicker is the layer of a given electricsl insulating
material, the higher is its breakdown voltage .

Fig.(5) and (6) show the increase of leakege current in
power cable samples C,D and E with the DC applied voltage, lead-
ing finslly vo the breakdown.

Prom this figures, it is clearly seen that &t the same app~-
lied voltage, the breakdown voltage for a new cable sample D is
always higher than that for idenvical cable sample C withdrawn
from the field after serve operating for many years.

As a comparative example the 0ld cable gave breakdown vol-
tage of 80 LV while the new sample gave 120-KV-DC voltage of
positive polarity, both had 1.5 mA leakage current just before
breskdown. T'his current incre&ses rushly exceeding the allowed
current and opersting the protective relsy of the control unit.
The old cable gave breakdown voltage of 57 KV and 1.2 mA leskege
current while the new sample gave 84 KV-DC voltage of negative
polaericy and 1 mA lezkage current. lhe decrease in the breskdown
voltage of cable &after long use ig mostly attribuvable to the
deverioravion of insulating material .
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Also it is clearly demonstrated that thne breskdown voltage
of XLP ceble sample (B) takes place st 110 KV. DC applied vol-
tage of positive polarity and at 74 EKV-DC applied voltage of
negative polarivy. lhe corresponding leakage currents just be-
fore breakdown, were l.4 mi and O.7 mA respectively.

At the point BD.on the grapa Fig.(5) :

dl
dv

—_—  © (11)

there 1
i = Leskage current,
Vv = Oritical breakdown voltage.

This point corresponds to the woment of a breakaown . The

raosequent reduction in voltage can be explaipned by & decrease

.3 bne iusulation resistauce . A strongly conauctive breakdown

coannel rormed duripg & breakdown practically produces a soort
wIculc between core snd sheath., The maximum voltage applied to
v . lusulauion at the moment of brecxdown as the breakdown voltage
¢! insuluvion ,

vitferent puenowena were occurring in insulation after a

L eaxdown «nd c8n be determined both by the nature of electrical
i suiating material and & higher leakage current. The breakdown
Vi ltage generates a spark or an electric ar¢ which can fuse ,
bl rn and crack the dielectric and even the sheath. After the vol-
tiyze is taken off a solid dielectric may exhibit a trace of break-
d.wn ip the form of a punctured, rused or burnt-through hole of an
iz regular shape. If voltage is aguin applied to a punctured solid
irsulation che breakdown occurs in most cases atv the a ready punc-
tured spoi even at a rather lower voltlage. At DC voltege the ions
Tl very slowly due to the conductlvity of ionisation of cavities,
fc¢geir\ parcicles present in the insulation and even of the ins-
ul tion itself, These ionigsavions are less intense and take place
mu. 2 rarely than under AC voltage. [hersfore the possibility of
to.mation of the brencned discharge is practically eliminated.
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Besides, under DC voltage the potential distribution along
the thickness of insulation is determined by the comductivities
of its sections. Since the conductivity of the lmpregnated paper
is slways of a few times less than the conductivity of oil, the
highest field intensities are formed in the paper. This is fav~,
~ourble, since the slectric strength of. lmpregnated paper is higher
than that of oil films . :

Under AC voltage the diatributlion of potential is determimed
by both the capacitapces and conductivities, and the greatest
field intensities occur in the oil films which have smaller diele-
ctric permittivity. Therefore, the working field intensity in case
of the cables with viscous impregnation.under DC voltage can be
incressed to about 5=7 times in comparison with amplitude of the
intensity at AC voltage . This permits to use the cables with vis~-
cous impregnation for slectrical energy under DC voltage up to
500 - 750 kV . |

The obtained results, showed that the DC breakdown voltage
is higher with positive polarity than with negative polarity.
This is due the stresamer mechanism and the increase in leskage
current, which diescribe the development of the aspark discherges.
These will take place gquicker than in the case when the core is
positive with respect to the sheath.

Breskdown voltage of polyethylene insulated cable is hardly
affected by the number of microvoids present in the insulation.
The major cause of gemeration of microvoids in polyethylene is
stesm permeating into the insulation at the time of velcaniza-
tion, even if vulcanization is caerried out with a heat medium
other than steam. It is quite difficult to reduce the microvoids
to zero, However it may be possible to ¥educe the mumber of voids
through degasaing of material or high pressure extruding.

The wesakest point of ILP cables consists of projection on
semiconductivelsyers extending into ingulation or defects in ins-
wlating materisl. If the breakdown of XLP cebles is caused by
a projection on the conductor screen , the cable size effect
should be related to meximumstress. :
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Weak-points of XLP cables broken-down consist of defects,
such ss contamination, void end other inhernt defects orgina-
ted from XLP crystalline-smorphus astructure. It is anticipated
that such defects exist &t random in the insuletion and break-
down stress at esach position differs .

From the above dlscussion it will be realiged that the
ue sasurements of the applied voltage and corresponding leakage
current in insulating materials are very important and give a
fair indication as to comparative dielectric strengths of such
materials. \

A growth in the voltage applied to an insulation incresses
the leskage current, the charge formed by the capacitance of the
insulavion and vhe energy dissipsvion in vhe insulation., The last
increases the temperavure of the insulation, leading to & tem-
perature riss in the cable,

In conclusion, under the assumption that the increasing
of the spplied voltage does not change The properties of the ing~
ulaving material, the leaksage current increases generally leading
finally vo & breskdown of the materisl. *

If the voltage applied to an insulating is progressively
increased the leakage current increases rapidly and continuous '
to increase till the dielectric material is demged. In this case
tne leakage current flowing through the insulation will sharply
increase, predicting to the breakdown in the cable.

3-3 Breakdown Wechanism and Thermal Breakdown in Power Cables

The breaskdown in power cables of paper oil insulation may
» produced by the partisl discherge in the micro-voids or gas
mabbles formed between the different layers. The appearance of
sartial discharges is related to the acoumulation of impurities
.0 the 0il whieh in turn depends strongly on its past history.
| nder AC stresses, the cable is heated up by different power losses
:uch a8 copper loss in the cores, sheath and metalic .Covering
4vsses, dielectric loss in insulstion,eddy current and hystere-
gis loss in steel armouring .
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. The temperature distribution in power csables &s well &s
known is quite complex and can be determined according to Ebis-
gon's equation as reported elsewhere . It is &also well known -
that the difference between the conductor tempersature and amb-.
ient temperature is nearly proportional to the power losa.

Power losses in power cables ceuse temperature rise and unstable
condition can result the 80-called thermal breakdown.

Tenperature rise also brings about an acceleration of che-
mical deterioration so that thermal breakdown may well result
from a combination of thermal and chemical processes. Electroche-
nical deterioration is dependsnt on the presence and mobility of
ions in the insulation. Lonic leakage currents aleo are an impow-
tant source of energy loss and can be responsible for thermal
breakdown. In fact, final breskdown resulting from electrochemical
deterioration is often thermal .

The heat gensration in the insulation paper can be approx-
imated by the average temperature of the insulation. The condi-
tions of thermal breeskdown ere given as follows 3

G > % )
G = % (2)

d W

X 2 5 —= (3)
I, I,

Where 1 . .

T = the lnsulation temperature , .c.
T, = the conductor temperature , C.
GT = the heat generation, W per m.

Wy = the heat didsipation,W per m.

Condition (1) indicates that the heat generation in the ins-
ulation is larger than the heat disaipation , resulting in the
development of thermsl breskdown,
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Conditions {2)and (3), indicate the atate when the cable
is in its themmal steady state and subjected to small thermal
disturbance, caused by an increase of the voltage or current
or by decresse of the themrmel dissipation propertiesof the
s0il, The rate of the hest generstion with respect to the temper-
ature variation is larger than the rate of the heat dissipe~
Sion. This results in heat storage inside the cable leading to
vemperature rise and finally to thermel breskdown. The unsta=
ble thermal state of the cable is mainly resultsd due to the
temperature characteristiocs of the dielectric loss of the ingulh-
tion.

An insulation is thermally stable when the iuncresse of dis-
sipable heat due to any csuse is preater than tne correspornding
increase in power losses.

Thermal breakdown occurs when the heat generation in an
al ternating electric field exoeeds the heat dissipated from the
cable to the surrounding soil. Accordingly it depeands upon the
thermal dissipation charscteristics of the so0il. In other words
iz cvhe soil surrounding the cable dries out, the thermal dissi-
pation properties of the ceble willl be very poor end will lead
it to thermal breaskdown .

A8 a general rule, the leskage current in power cables should
increase with incressing of operating tempsrature and increase
in corresponding dielectric losses. These, rise and produce
more heat and the temperature will be built up from the smsll
inivisal Cemperature, csuses an increese in insulstion tempers—
ture and produce finelly a thermal breskdown,
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4, Conclucious

The present work was planmed to study the factors affecting
the operation of power cable. Armong these factors, the tempera~-
ture rise forms the most impertant factor affecting the opers—
tion and aven the life of power cables.

From the previous results obrained throughout this work which
was carried out to invescigsate the effect of temperature rise on
the leakage current and breakdown in power cables, The main
restilts can be summerized in the following conglusiens :

1) The insulation tempersature has & great effect on the leskage
current of the power cables., '

This current should increase with increasing of operating
temperature,

Z) The leakage current-iemperavure characteristics of the power
cables under applied AC voliage can be &pproximated to a
straignt line, having & slope (K) depending on the corres -
pouding ceble type and applied voliage. This: can be explained
from the obtained relation-ship expressed as :

It =12+K.A1: evscce
3) an exponential expression was found for the leakage current
of the power cable under applied DC voltage. This can be exp-
ergsed in the following form 1

I, =1, exp ( o « & t).

4) The breskdown voltage under &pplied DC voltage with positive
polarity is gresater than tnat under DC vollage with negative
pelarity for the power csbles.

5) Messuremencs of the leaksge current can be considered in prac-
tics &s m&ln predictor of breakdown in the power cables and
generally recognized as the most relisable guide to the qualitj
and codition of che power cable,
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