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Résumé

Dans cet artic le on montre des corrélations entre
le dév eloppe men t de cha rges d'espace , la croissance
d'arborescences et le claq uage dans du polyéthylène
réticulé . On a utili sé la méthode de l 'onde de press ion
pour suivre l'évolution de la distribution des charges
en fonction du temps , sous contra inte continue , dans
une géométrie de cable à isol ant épa is . On montre
que pour certa ins systèmes isolants l' accumulation
des ch arges d'espace peut augmenter localement le
champ électrique à une valeur qui est plus de huit
fois celle du c hamp appliqué , conduisant au
c laquage . Des analyse s du mat ér iau après décharge
comp létées par de la microscopie optique montrent la
présence d'a rboresce nces , le canal de décharge étant
centré sur l 'une d'elles . Les études d'évolut ion des
charges d'espace permett ent de comprendre le rOle
de la charge d'espace dans les c laquages sous
contrainte cont inue . Cette compréhension permet la
mise au point de techniques susceptibles de
supprimer ce t effet et donc de réal iser des câbtes au
polyét hy lè ne réti culé po ur le t ransp ort de courant
contin u.

Introduction

For many years experiments have suggested that
there was an influence of a space charge bu ild -up
under elec tr ic str ess , on the performance of
insulators . Ind eed such charges can strongly mod ify
the int ernaI electric f ield . Il te weil known for instance
that charges of same polari ty as that of the electrodes
reduce the inter facial f ie lds but i ncrease the field in
the bulk . On the con tr ary , charges of opposite pola ri t y
red uce the field in the bu lk but inc rease the f ie ld al
the inter faces near the electrodes . The increase of
local f ield could be he ld respons ible fo r breakdown
phenomena l1· J J

. Var ious approaches ha ve been used
to ana lyze this etfec t , A very direct one has been the
applicati on of non destruc tive techniques for the
measu re ment of s pace cha rge distrib utions or electric
fields ins ide ins ulato rs . Di ffer en t me thods can be
use d to obta in su c h info rma tion whic h use either the
diffusion of heat or the propagation of a pressure
wa ve in the sample .

ln this paper we have used the pressure wa ve
propa gation method ( PW P) to mon itor the evolut ion of
space c harges as a function of t ime under OC stress
in th ick walled cable geometries . The insulator was
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Abstrac t

ln t his paper we present new evidence l inking
space cha rge buü o-up. t ree growth and breakdown in
XLPE. We ha ve used the PWP method to monitor the
charge d istribut ion as a function of lime under OC
stress in a th ick wa lled cable geometry . We show thal
for cert a in in su lat ion systems the space cha rge bu ild 
up can increase locall y Ihe f ie ld to a value wh ich is
more than eight t imes the applied electr ic fi e ld ,
leading to breakdown . Post-mortem analysis followed
by opHcal microscopy shows the presence of trees ,
the breakdown channel be ing cen tered on one of
them. St udies of sp ace char ge evoluti on permit an
understanding of the role of space charge in OC
breakdowns . The understand ing enables the
de velopment of technolog ies to suppress th is effect
and hence realize pracHca l OC XLPE tra nsmiss ion
cable s .

made of cross Nnked polyet hylene and the high
vol tage was applied untî l breakdown occurred . Post 
mortem analys is shows evidence of a dire ct li nk
between the space cha rge build -up and the
breakdown .

The Experimental Me thod and Samp les

Experimental Method

The pr incip le of the PW P method has been
descr ibed in deta il etsewnere!"". The impact of a
laser pu lse on a tar get produces a very short du rat io n
pressure pulse . The cunent f10wing in the external
c ircuit during the pr opagat ion of the pressure wave
through the sam pie is directly related to the field or
space charge distrib ution .

To ge t the electric f ield distribut ion E (z) or the
space charge distribution p (z ) , a deconvolution may
be app lied to an integral equation , taking into account
the attenuation and dispers ion of the wave dur ing ît s
propagation in a sample . However , a rough image of
the space charge distribut ion and the inter fac ia l
f ields can be directly deduced from the measured
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