Tadeusz Czaszajko

WATER TREEING AS 4 CAUSE .
GF POLYETHY LENE POWER CABLES REPEATED FAILURES

1. mireduction

1+ has been knowa frem in service experiences that presence of rois-

o

ore “i. rontact with varicus tyoes of insuletion czn grestiy necelerate
+s deterioration {5, ). The extent of insulation deterjoratlon occurs

ry

L

vecouse of water treeing, independently on suacies of polyethylene {tler=
noplastic, crosslinkec) ona kind of cable gonstruction, Water treeing
reve heen found to cause premature cable fallure f%, 4]. It has heen zlso
ahserved thet after first fatlure, irrespective cf itz cause, there are
sliier suciesive break-d-wns after some months in service {5, 61, “.avora-

tory i

]

a3 - nas iwen perforned to explain this phenomenon.
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irgrnEaLal exposure of cable insulatiog under service and test
M—M— T
cond-tdors :

- There are somv the mest lmportant factors affecting destructively on
pniyothvilene irn alaticr under moist conditions:

1) temperatare, its gradiert amd fluztustion;

2 eizctric field. its freguensy ard gradient;

3} meshanicsl stress

LY eprpotenis Gissoly -t 1n water.
Fach of ‘hess fostors exerts an influence on water treelng and this is
cpoossible 0 daescrils its interaction by theoretical way.

Trealatio. erseratuee devends on cenductor load currert, This current
aHeuid he r=a~ Lo the ~and one in a correst designed and used power line.

el temneretore droy eist between conductor and outer Iinsuletitn
ipye s vnder gTediyestate. Tne Jupgthwise tempereture difference can be
avgeoynd in some carticular cases toe. Insulation temperaturs iluctuaticz:
wvs SAds.d e coad cusraont variatiom: and environmental terperature cnar-
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ging., It has been assumed that the operating temperature of thermoplastic
polvethvlene cable lnsulation should not exced 70°C, and 150°C under
short-circuit conditions near by inner conducter as well as 250°C near by
outer one,

Llectrical strese is practically constant in service and its sverage
value for Pclish cables varies from 7,4 MV/m at rated voltage 3.£/6 kV to
2,25 MV/m gt voltage 18/30 kV, Thig stress smounte to 1.7 MV/m and 2.6
MV, respectively for maximum admissible power line operate voltage.
Furthermore, we can obhserve overvoltasges existence caused by switching
wrocesces or earth fault, Switching surge dunation is too short (a few
miliseconds) to make an influence on water treeirng growth, EBarth fault
overveltage, having %‘onger‘ duration (1—2 s) ean involve scme waber

reeling effect.

Electric field distribution ir cable insulstion depends on its geome-
try. Jsualy wes have a8 gingle-ceore polyethylene insulated cables with ra-
dizl electric field Zdistribution. Eleectric field gradient always exists
in this kind of insuletion form and its quantity depends on conductor
#iemoter {cross-section), Electrical stress difference between inner and
suter ansulation laver doesn 't exceed anfew teens of percent for all ra-
ted cond:ictor crosse-sections [50-405 mm©),

“lectric field frqufncy i constant in service conditions. Mecnanical

~

o

ress may occur in some moments of cable 1ife. The first arc probably

ne most dangerous mechanical stress can be formed ir Insulation during

o+

cagbling using too tuch bending and tensile ferces., Microcracs made by

o+

his ciresses will rencder under service insulaiion life, Moreover, mecha-

~icel stress mav avvpear in cable insulstiorn because of =¢il layer disnla-

¢ "ment especially in mining and urban aresa,

Chenical constitition of weter which affects on poivetnylene insuls~
csoankrown, Indoubtedly, it iz mineral compound sclution rinsed cat

ro7 smil oand their cconcentratior varlss ir every case.

o

3. xesults

Bacing on thig anslvsis and vreviosus experiences, insulation ageing
arogran was elaborated. Agzeins vrocess ccensist of mechanical, electrical
an’ *tnemmizl stresses. Thermal stress is oroduced by loading comductor
surrent. 'rrees current values nave been selected e make Three different
in=uszticr temperatures. Vezsured on the conductor shieic it was respe-
ctively 35, 54 and 7506 for current 103, 18C and 270 Al

Tther meagured wenperatures are showr in Tabhle 1.

The maximun temperature velie a2t this samrles is near o the admissi-

b

=le vrerating terperature of Thermorizcetic toelyethvlene insulation.
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mezsuring opoints:

-
1

condunstor ahislid;

B + Te x ~
emple | Current| 1 e & - wnmsuiation shield:
My Cal 1 o z | s % = covering jacket
i i 4 = =rerhre value bee-
K@ e | 36 3 | o319 | 35 Lieen ©oant o« po-
XS 100 ] 36,0 L Ba bkt Tt ) Eh.G ke
& 180 | Fo.z | s€.7 [ A A ECLD .
% TO | 57.b § AS.T 1 LR.2 ) 486 |
K7 180 b3, H 46,5 i x,6 Y 50,2 !
¥10 270 | 74.3 ) 5% 50,2 ; 63,7 1
K11 270 74,8 | 5z,6 1 50.6 ! 63,7 l
: |

The voltags applied during

verage electrical strese:

"abhoratory test had a value to gensrate o-

- approxinstively twice hipgher than maximuo cperating tress, roeely

Loy /m,

- V3 timeg less “hen forrer cne, namely 2.5 MV/m.
For this reasons, appliedé voltage hao value respectively 20 and 12 %y

Jome tested cybles were expnzed to overveltages modelling erohing
process. Thig overvoliares were applied mericdicaly twice an hour for
z =econds, insreasing volizec VT times in relatior o 20 k., Theo ancrez-
sen overvoltage frecuenty i+ compar son o service conditicons was apnpiled
te or

internsify 1
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were gxXnesed .2

Thege stress were produced Ly

00 mp Ciameter. TWO Zabhles Were strrsced at
LMD Oratiuico.
Felyethyleose irsulation wao wet by
arng ¥ haCl soluticn
g,

snows apelng conditions

tne above critoria, agelng

2 omokomE, Lo

=gt, at thne certain time

somm e were culb imto CU2
Liee | LFter OA wourg Syvelrg wrocegs i

were roorosnn; lually exanined, The mumber of
gnrmliss were noted.

ms5U

exazined this way too.

watar treeing,
mechanical stress
cabls six-couple wind
20 & e

putting distilzare

under outer cavle Jacket just before applying vol-

tests were
=%, &1 singie-core cables, which
id ard tape-graphite ‘asulatson
intervals, 30
from thne wart ¢f the cable wnich wes submerged in wat-.r,

mr thick slices and dved in

trees

if arv,
weftre voltaps apulyli-g

g up arownd a

next oo a3t
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water o 7.0
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907°¢C temperature the samples
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ervice were microscopically
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This samples were remaved from cables after their second failure. The
second hreak-down place was near: to. the first cne on thic cables (a Tew
meters distenmce).

Tgble 2

[ . " e :
i Sampla | Voltage |  lcad currest NaCl sdiution |[Over-| Mechani- ;
¢ Er kv : A . T density vol- | cal
H T : % tage |1 stress
e 20 3 1
E | 2 ] 207 o400 1807 270 | o} 0.3 3| kv 0% |20
) - 2z ]
y
5 + -+ .1» - :
E3 + + + - !
K& + + +
K5 + -+ -
K& - +* +
KT i + + -
RE + + +
K& * o+ +
K10 + + +
¥ ¥ . + +
Povi2 + + +
S + + +
K14 + + +
X15 + -+ 1 + t
F16 + h + +
E17 + 4 + |- + i
K18 + + + “+ i
K19 - + + ) + i -
K2G 1 +-7 4 _ : o+ -l ¥

_rhoratory aged ca‘ulés

Tig. 1. 2 83 0 sHow water trees dempity in cables, aced mDORLT Y,
is oo Tuaction of time of woltage ap,,hcnticm,, Baiging on o3 dlagrey . s we
n&n dzseribes - N

N = ,;'br-'ﬂc.t' o . (1)

v
1og o, '= A% + 2og b C (2
whare: - l

n, - weter treeg density {m3),
A = ¢-log & = const, = meterial con«ia:l.

Ixpressivns 1og b valus should be dependent on sgelay «ondil.on o o« 003-
perature, type of water solutlon, overvoitsges existon o, .o
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stresses: etc, BEquation. tZ} sugggits that . log nv_- f(t} lines in diagram
should be se¥n asa. straigk_xt lmrmtﬂa & 53:;1::;,4&. "These lines should be
paralelly displaced dependent on ageing coﬁ&ftions,‘Experimental results
are.in a gand,ngreeman¢~i&th eguetion- (2) fer A = 0.01 {1 /day).

The second te;m.af gquation (2) is Hoe nist Meﬂt ‘on tempera‘ture,
as we can ccncluﬂeatrom experimﬁntal results in‘Fig._- =3, Fig. 4 shows
water tree dehsity tempersture dependence after 150.daxs af cablesageing
This is logarithmic correlatlon tcn, 50 we can writa:'

1% n, __=_=' A+t +BsFagL - - (®
where:
A, B, T - ﬁpgramgters.'

t - egeing time {days),
T - temperature ( C}.

A quick numerical analysis sHows ‘that B = 0,092 {1 /oC} 'Ihe coefficient C
value would depend on other ‘ageing conditions {mbnbng;pal stresses, OVeET=
voltages, existance etc. V.

Baslng on experlmental results it could be calculate thats -

= =3.36 — for salted water (0.3 and 3%, s&lutioné}
Cp = -4,6 -~ for-destilated water,
Gy = -2.45 — in presence of mechanical stresseg or overvoltages.

Fig, 1=3 show experimental data {pofnts) and calculatg@ from egn. (3) re-
sults {lines) which are wi#h a good agreement in spite of experimental
points scatter, Now, transforming eqm. (3), it is possivle to calculate
order of magnitude of water tree deﬁsity in aged cables-as: '

nv = ”FON . (it)
where: " '_ ~

N=fets+B:T4+C

Eguation {4) give an easy possibility ta wateh progpess in water ireeing
in service and 1aboratory ageing test, So, It could be imagine that a
tricle change of average insulation temperature indfice 103 times (some
thousands\change in water trees density; water salting increase that rium-
ber 10 f2b timeg {over a dozen or B0} becsulse of difference C1 - CE’ and
mechanical stress give 10 *9 times (several times) changp in water trees
density caused by C - C1 difference. It is clear that temperature  in-
fluenced the most effects on water trees density.

Conversely proceeding, it is peossible to estimake a wet condition time
for in service cable knowing water treeing density on its insulations
Tt was observed during lavoratory tests, some thousand of water trees
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growing In ‘Lm3 polyethylene insulation, #ged at the temperature some=
where mnd to .admissible one, Thls water tree &ensity produce seriocus
insulation degradation.

3.2, -Cables recowed from \,‘Eﬁe field ’

As 1t was said before, cables after their second failure were microscoq
pically exarined, The secend tretk-down’ places were found near to the
first one, in & few meter distance. “This kind of cables failure happens
about 1 year after the first one, whieh have beem observed by Biatystok
Power Plant Csble Service. This chservation may suggest that the water
penetrates into the cable affer the first fallure, The water trees growth
degrade an insulation, leading to its second bredak-down. ’ :

The fclliowing cables have been tested-'

K101 - YH_AKX 15 KV, 1x240 wm. A.l, 1979=83% in Bervice,
K102 - YHAEX 15 kv, 1x120 ' A.l, 1976-85 in serv:ice,
K104 - YHAKX 15 KV, 1x120 mm ﬂ, 1977—85-in service.

Tt was concluded above, thet courting water trees density in insula-
tion, it 1s possible to estimate & wet comdition time for examined cabtles.
laking an assumptlon that the average value of insulation temperature in
zbove-zentiomed cables Tanged 3£F§5°C,'determination-of wet condition
time have been made. It has been also asumzed that the water had & salt
solution preoperty at this process, N ;

Effect of ovarvoltage and mechanical stress- were neglected. Results
of calculations are shown in Table 3. -

Tabble 3

Ceble | n, Bervice Cale., wet time Assumed
3 - time (days) : ceefficlents
(mm ) - (years) :
K101 1850 g 386340 . A= 0,01 _
K102 fe3= T .9 ; 307261 1 B+ 0.092 -
%104 =132 T A . AT2-226 - T o= =3.36
- I .

Although these results can be taken as an approximate values, it isclear,
nowever, that the cables insulation wetting time was app. one year. It
corresponds with gervice observations.
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'4‘ Cmclusiﬂ

The quentitative investigations of water traeing in laboratury aged
and récovered trom sefvice polyetbylene iripalation” show that the water
treeing phenomenon could be & reason 0f power cables repeated failures.
HatEr-penetrgi%s into +the ~able after the first bresk-down and insulation
éegradaticn caused by water treeing leads o the second damege in a short

time, - 7 - o
j.s--fl,'m' order;ﬁo'prevenl cables from repeated failure water retardant poly-
ethylerie should. be used in a new products as an insulatlon. The lifetime
of buried cables tould be extended by permeating 2 liguld dielectric into
the insulation via the conductor or bW drying insulation with an fnert
An irnvestigetiops of this methods should be undertaken for Poiish ca-
bles.
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