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NATTAWUT RUANGKAJONMATHEE : DEVELOPMENT OF SPACE
CHARGE MEASURING SYSTEM FOR CROSSLINKED
POLYETHYLENE INSULATING METERIAL IN HIGH VOLTAGE
CABLE BY USING PULSED ELECTRO-ACOUSTIC METHOD. THESIS

ADVISOR : ASST. PROF. BOONRUANG MARUNGSRI, D.ENG., 159 PP.

SPACE CHARGE/PULSED ELECTRO-ACOUSTIC METHOD

Currently, crosslinked polyethylene (XLPE) is widely used as an insulating
material for power cable due to its good physical properties. However, under certain
operating conditions, their good electrical insulation properties may become degraded.
For example, under high electrical filed stress and high temperature can give rise to
space charge. Space charge is the difference in the rate of discharge and collection
charges. This can cause further concentration of charge and lead to premature failure
of the material. Objectives of this thesis are to develop a space charge measuring
system using pulsed electro-acoustic technique (PEA) and to study characteristic of
distribution in 22 kV XLPE insulated cable. Numbers of XLPE ribbon taken from
insulation part of 22 kV high voltage cable for distribution system were used as test
specimen. Three types of XLPE cable were used, i.e. un-used, 12 years used and 15
years used cables. Under electrical and thermal stresses, the measurement results by
using PEA technique showed that amplitude of space charge increased with increasing
in thermal stress and subjection time of stress, especially for 15 years used cable.
Furthermore, physical damaged and chemical changed of tested specimens were also

analyzed. Chemical change was analyzed using FTIR technique. From chemical



analysis results, increasing of C = C bonds (Carbonization) and C = O bonds

(Oxidation) was observed. No significance of physical change was observed.
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Effect of Applied Voltage Frequency on Electrical
Treeing in 22 kV Cross-linked Polyethylene
Insulated Cable

‘R Thiamsri, N Ruangkajonmathee, A. Oonsivilaiand B. Marangsri

Ab!tmm‘-—«'i‘lus p'lpu' prcscnls lik. mpcnmcm! resulis o clfect
of ajiplicd voliage siress frequency: to ik oocurrence ol electrical
trecing 22 KV cross | linked:: polyetlvlens (XLPE) insulaicd
cable. Hatlow disk of X‘LPE instelating material witl (hickacss $ oun
lakest (rom wsugéd igh voltige cable was used as Ui specimen in
this study,” Stainless’ steel Noodls veais inserted gradually inp 1he
specimen o give a tip ) el plarg electrode sepanution of 2.540.2
s at elevated’ demperatiie: 103-E0PC, The spocinen was then
anncaled for 5 minuge to minimizé 20y mechardcal stress build up
arownd the veedle-planie region- befase it was cooled down ta room
temperataie. Eathy. speciinen: were: subjecled ko the same applicd
veitage stress fevel at 8 KV AC fms, witd various frequency. 50, 100,
500, 1000 aud: 2000~ He. Initiation time, propagation speed and
patiern of elegtrical ireeing were examined it order to study (he effect
of applicd valiage ‘siress frogiiciey. By the experimental results,
indial fime of visible trecing decreases with increasing in spphicd
valtage frequency, Alsa; ebvicusly, propagation speed ol elestrical
uecing  jnereases wilh o increasing i sppiied  voltage
frequeney. Fathermore, two types of clectrcal treeing, bush-like and
brunch-like trecing  were  ebserved The  experimental  results
comfinned the efieet of voltage stress frequency as well.

Keywords—Vollage stress frequency. cross-linked palvethvlens,
vlegtrical frocing, trecing propagatian. weciyg patigr

I Iviaosterion

RECFML\;, ¢ross linked polvethviene (XLPE) maicrial is
widely used as nsuluting matedal in high vollage cabie
for electricat transmission and distribution systoms because of
ils excellem physical, chemical end dielectric properties.
Hewever, under muolti-stress, ic. olectrical, thermat and
mechanical stresses, and over a period of time, its chemical
composilion gud physical morphology may chanpge without
avoidable. In consequence, is properies may abier, ie,
increasing of conductivity and diclectric loss and reduction of
mechanical, clectrical and themmal streagths, Finally, ageing
deterioration of XLPE material may ocour, Many phenomosa
can induce ageing of XLPE material, Pastial discharge is onc
of (hose phopomena. Elcctsal trecing is onc of pantiad
discharge. in an insulation sysiem of XLPE insulated cable.
Electrical treeing is noi only the mgin factor aifecting the

R Thiamsri and N, Rusnghajonmathecanemasicr dogree student with
Sumnaree University of Technatogy, Nakhonrchasing, 30000, Tlailand,
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Kakben Ratchasima 10000 Thaitaod.
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refiabifity of cable insaliticn, but alse the Tnal destructive
forwol eable insufation operating v the tong run. Elecleical
trees can be initiafed fzom various defects i cable insufation,
such as impurity or focal high clectric field duc o the
protuberance of semi-conducting shiclded layer, It is found
Ut the factors respansible for initiating and propagating of
cectricai 1recs in cable insulation depend upon not oaly the
cable manufaclosivg echnique, physical momphology of
insulaticn macrial but also depending on the frequency of
applying voltage[1-31.

Rawangpai et . §0] reported the experimental sesulis on
anificial ageing test of 22 kV XLPE cable Tor distsbution
system application in Thailund, NLPE insulating matenzl of
22 KV cxbke was sliced 10 60-70 pm in (hick and was
subjected 19 ac high voltage at 23°C, 60%C and 75°C. Tosting
voltage was “constantly applied to (he specimen unii
breakdown. Breakdown vollage and time to breakdown were
used to evatuaic life time of insuliting wanérial, The physical
wodet by LP, Crine for predicts life time of XLPE insulation
inaleria was adopted as life time model and was cafeulsted in
order to compare (he experimental results,

Howumi ot al. [7] studicd influence of morpholegy on
clectrigal grec initiation in polyethvlone and insulation of the
XLPE cables under ac and impuise volages.

Ziieng o al. [3jstudied the clectiical e growing
characteristics. The  selationship behween electrical treg
propagation aud (e muterial morphology in NLPE cable
insulation has been elucidaled.

Xic eral. {9} fourd Ui statistical initiation and propagatio
characteristics of clecirical trees in XLYE cables with different
vollage ratings from 66 to 300 KV Thev investigated electrical
erecing under & canstant test vollage ol 50 Ha/7 KV (the 66 kV
vating cable is from UK, the others from China). They found
ihat the claracteristics of electzical treos in the inner region of
66 kV cable insulation diflered considerably from ¢hose in the
outer region tnder the same test conditions.

Yoshinwra et al. {10} reported resnlts on the influgnce of
ingeefacial pressure on tweeing deferoration in XLPE,
However, they did oot find any clear change in the breakdowe
time with increasing interfacial pressure,

Auckland ¢t ai. [11§ focus en a mechanical approach 1o the
understanding of electsical teceing. In their view. trecing
initigtion is believed 1o arise from fatigue forces induced by
the applied voltage, During the growth inicroscepic explosions
within the diclectric due to focafized inirinsic breakdown will
creale chock waves whick lead to Gattgue faifure and fraclur.
It is verified by expermenmts thal tree growth may be
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contrelled by the fracture wughness of the polymer as well as
by ils madulus of efasticity,

Noto and Yoshimura {121 examined polyethylene under
vartous [requencies of dc electric stress, It was found that tree
does not follow a lincur growth melationship with the
frequency, Under various applicd volages, tree cxhibils
different growth cluracleristics with various frequencies,

Many rescarchers have studicd e effects of morphelogy of
senti-crvstalline material on the indtiation and propagatiou of
electricadl trees in (he past decades, but liltle atiention was paid
to the influcnce of [requency voltage en clectrical tree in
XLPE cable insulation [7-12].In this stndy, initiation time,
propagation speed and patiem of clectacal trecing in 22 kV
XLPE insulafed cable subjecied to sinesoidal waveferm
voltage stress with varieus freguency from 346-2.000 Hz were
cxamined. The effects of applicd vallage stress froquency to
ibe occurrence electrical treefng were studicd and elugidated.

ILTEST ARRANGEMENT
A Specinen

in this study, all specimens were taken from a4 commercial
22 KV XLPE distsibution power cable having copper
conductors 12 mn in dizmeter and XLPE insuiation 6 mm
thick, as shown is Fig. 1. This type of power cable is used for
widergmound  distribution system of Provincial Electricity
Auvthority {PEA) of Thaifand, Unuscd cable was cut
intoholiow disc with a thickuess of 3 mm. Cable cover and
semiconducting  laver  wereremoved  before  the
experimental, Stainless steel needle was inserted gradualiy intg
the specimen 10 give a tp to carth-plane clecirode scpanmion
of 2540 2mm at clevated tempernture of 105-110°C.The
speciinen was then auneafed for spproximately 3 minuces to
minimize any mechanicaf stress btuild up around e needle-
plane region before it was coeled down (e room tempermture,
A wypical specimen with an insertéd needle is shown i Fig, 2,

80 S

Lopdier

Fijr. 1 Cross-section of 22 kW XLPE cabic

T

H
b mro

W ) H¥ clectrode

\

X

Grounded - ™.
electrode

Fig. 2 Schematic diagram of specimen
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B Test Methd

Dusing the cxperimental, thespecimen was imunersed in
insulating bath oil to prevent external discharges or flashover.
Teslvoltage was applied from high voltage amplifier (8 k¥ AC
rins) witli various frequencies at 50, 100, 360, 1006 and2008
Hz. respectively, The experimental was conducted al room
lemgerature (25°C).For cachi frequenicy of voltage siress, the
occurrence of electrical trecing was eitarged by using digital
microseope  (5-500Xlandwas  contivuously  recorded  until
electrical treeing cover = 90% of needle-plane gap spacing,
Electricat fuilure or breakdown of XLPE insulating maierial
was avoided. Schemalic dingram of experimental sctup is
{ltustrated in Fig.3 and actuaf expeeinental lavout is Mustrated
inFigd,

Digtal Rhicroscope $-860X

s B

Dight voltage !

i
0
i =yt
i

 Yoltage Divider. - HV A
Fig, 4 Experimental Lavout

HL TEST RESULTS AND DISCUSSIONS

Fron: the experimental results, significant differences in fhe
occurrence of electrical trecing a cach vollage stxess requency
were obsened, Three charactenstics of elecineal wocing, i.c
time of [irst visible frecing, Ueeing pattern and trecing
propagation time. were anaivzed and were discussed for cach
voltage stress frequency. Videe capture sofiware s usefut 1oel
for analvses the recorded video,

[ncaseof applicd voliage stress [reguency at 30 Hz, first of
visthle trecing having ¢4 mun o tength was observed after
applying voltage stress for 31 mimute. Electdcal treeing
inigiared from'tip of ¢he needle electrode and expanded (o (he
plane clectrode. After epplving voltage stress [or 90 miine,
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the expansion of elecirical swecing reached 141 mm, Branch
like trecisg cxpansien wilh slowly speed propagalion was
ohserved for this voltage stress [frequency, Caplion pictuse of
clectrical treging [rom recorded video are illustrated in Fig.3,
[n case of applicd vellage stress froquency at 100 Hz, first
of visible trecing having €.28 mau in tength was obsesved afier
applying voltage stress for 22 minate. Electacal srecing
initiated from tip of the needie cfcetrode and expamded to {he
plas clecteode, Undike previows trequency, brush-like treeing
was observed for this voltage stress frequency. The expansion
of busk-tike trecing reached 1.07 wm aller applying voltage
stress for G6 minute. Propagation speed of bush-like trecing at
fiequency 100 Hz is faster than that of [requency 50 Hz
Caption pictures of bush-like treeing are itustrated in Fig 6.
In case of applied voltage stress frequency at 300 Hz (en
times of power frequency}, fisst of visible elecirical treeing
laving 0.37 mum in length was observed after applying voliage
stress for 15 mimgte, Electrical treeing initiated frow tip of the
eedle elecirode and expanded to 1he plave electrode sarie as
those two previous frequencies However, propagation and
expansion specds are faster than those of the (wo previaus
frequencics. The expansion of branch-like weeing seached

ig. 5 Glectricad trecin

1,32 man in length afier applying voliage stress for 8G minutc.
Caption picturcs of branch-like trecing are #lustrated in Fig.7,

I case of applicd vollage stress frequency at 1000 Hz
(zwenty times of power frequency), first visible clectrical
treeing having 0.43 mem inlergth was observed after applying
valiage siress for 9 minule. Also, clectrical treeing indtiated
fom tp of the veedle clecirode same as 1he previous three
frequencies, 30 Hz, 100 Hz, and 500 Hz, respectively. The
capansion of clectrical trecing reached 1.98 s in length after
applying voltage stress 62 ninute, Such trecing pecurrence
indicates higher propagation speed whes coriparing with the
other frequency. Caption picture of branch-like trecing arc
iflustrated in Fig 8.

Incase of appiied voltage stress at freguiehey 2000 Ha (fony
limes of power frequency), first of visible clectrical Uveing
was observed after appiviag voltage stress 5 minule. Apgarent
of visihle treeing is the most fastest comparing with the other
frequency. Branch-like treeing. also, ismitiated from: tp of
needie clectrode and reached 2.48 nuu in length afler applying
voltage stress 40 minute. Caption piciure of electrical irecing
re itlustrted in Fig.y.
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TABLE1
COMPARISON PROFAGATION LENGTH AND PROPAGATIGN TIME OF ELECTRICAL TREEING

SUHz {HER L 506 Ha 1006 He 2.0410 Hz.

38 ¢ 38 ¢ RE ¢ 3¢ ¢ FE ¢

= £ £ : £ =
40 i 038 24 037 13 043 b 0.78 3
D41 i3 031 b1 141 2t 0.51 13 [tR1 7
.43 37 ¢39 Ex Q.48 25 .59 A 87 ¢
049 41 G46 kLS 0.59 29 0.35 25 (93 L
053 43 058 40 0.67 Kk 086 k] (.99 12
0.6l 48 LX) 42 0.75 37 098 15 123 4
Nk 51 TG4 16 (LRG 41 LR n 1.32 6
0n 33 0.7 30 o 44 E3 EU] 138 t7
080 3% 041 3 Lio 3 L46 4 143 B

0.9t 63 a8 G 12
096 69 089 6 i3S

100 e Lo7 ¢ P4
106 &4 1a7 5 £51
HY %) 107 80 51

101 90 7 n .52

33 L33 49 1.35 20
59 L6t M L6} 24

I order to cxamine the effect of applied voltage stess
frequency, propagation fongth and propagation time of
clectrical {recing were measured by wsing videa caplion
pictures. The measuring resulls illestrated i Tuble [and were
plotied togetlicr, as shown in Fig. 10.As showa in Table |,
initial tinee of visible treeing (recorded video) decreases with
increasing in-applicd voltage frequency. Obviously, as shown
in Fig. 10, propagation speed of clectrical treeing increascs
with increasing in applied veltage frequency. The experimental
resuits show thal vollage stress frequency is one of dominaet
effect to the occumence of electrical treeing. Funliermore, as
Husteated ju Table H, Two types of ¢lectrical freeing, bush-
like and branch-lke frecing were observed from the
cxperimenial.

25

Lingihiaam

L]

o Fal @ 4 30 109
Taneqain)

Fig. 10 Propagation characlteristics of clectricat fees

G4 1.73 36 175 8
7l 145 5 198 n
7 1.89 Gy 213 6
S0 1.98 [ 248 40
TABLE i
PATTERN OF ELECTRICAL TREEING
Frequency Time Treeing Treeing
{Hz (i) lerathima) charictesistic
E 99 1.6t Branch tree
104 92 1LG7 Bush free
500 ¥ 152 Brznch tree
1,000 62 198 Branch tree
2,000 10 148 Branch Lece

1V, CONCLUSION

The following corclusions are given -according lo the
experimental resulls.

(1) Initigl tine of visible electricat receing decrease with
fncecasing in applicd voltage stress frequency.

(2)Obviously, propagation speed of clectrical trecing
increase with increzsing in applied voitage stress frequency.

(3) Two types of elecirical trecing, bush-like and brasch-
[ike trecing, weze observed.
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Space Charge Distributionin 22 kV XLPE Insulated
Cable by using PulseElectroacoustic Measurement
Technique

N. Ruangkazjonmathee, R, Thiamsti, and B. Marupgsn®

Abstract—This paper preseats the experimental resulls on spuce
charge distribation in cross-linked pelyethvlene (XLPE) insulating
material for 22 kV pawer distribution svstern cable by using pulse
clectroacoustie  measurcmenticehnique(PEA ) Numbers of  XLPE
insulating nwatecial dbbon having thickness 60 jemtaken from unused
12 KV high volinge cohle were used as specimen in this suady, DC
eleerric ficld stresswas applied 0 1est specimen & roem (@mpeature
(35°C ). Four fevels of elecmic lield strea, 25 kVAnng, 50 KV, 75
K¥fmm and 130 kKV/mm, were nsed. In order (o investigsie space
charpe  distributdon  characterisic,  space  charge  distribution
charactetistics were measured after applying dectrie ficld stress 15
niin, 30 min.and 60 sin, respectively, The resulis show that applied
Gime and magnitude of de eloctsic fishd swess play an important role
o (he formation of space charge.

Keywords—Space charge distibution, pulsed electroacoustic
(PEANechnique, cross-linked polvethylene (XLPE), DCelectrical
fields slress.

L INTRODUCTION

wadays, XLPE is used an insulating material i high
Nzﬂlmge power cable, The sdvantuges of XLPE are kigh
dieleetric strength and electrical resistivity combined with
good physical propertiessuch as resistnce W eracking and
mwoisture -penetration[1-2). However, under certain vperiting
conditions. their good electrical insulation propertics may
become degraded. For example. trapped or fow mobility
electrically charged species within the butk can give rise 1o
space charge, resulting in  localized electric  stress
enhancement. This can cause Turther concentration of charge
and fead (o premature fadlure of the material{3-4].
In a selid diclectric medium, space charge and electric
displacement ace retated by theMaxwell-Gauss equation. in
situstions where guantities dépending on only onespatal
coordinate, z, this equationis expressed asf5:

oD(z) .
. " par=pla+p (20
where:
D(z) is the eleetric digplacement,
z) is the total charge density,

N Ruangkajommaibes and R Thiansa aremaster degree studentswith
Survnree Univessity of Technolagy. Naklwarmichusime, 30000, THAILAND.

*B. Marungsri is  with  Suranares Usiversity  of  Technology,
NibhooRachasimu, 30000, THAILAND (camesponding auther. phone: 166
4224365 fux: +60 3422 46012 comail: bmshvee @ sunac.b),

polztis the volume density of space charges, defined as real
charges, beingpositive or negative, including surface and bulk
charge,

P42) s e vohate density of bound charges, defined in
respect to materialpolarization P as:

o 9P
pla)= ——5;‘“ 2
If the polagzation is eniform ajong the 2 direction. the total
charge is the spacecharge.

Space charge effects have been widely recognized as one of

the major componems of the electrical aging processes in
potymeric insulation, beczuse it may mise the electric feld
lecally and hence initiate a degradation mechanism in
insulator [3, 6-7|. Therefore, it ts very important o undesstand
space charge effects te polymer insulation,
PEA technique is a nondesiructive methed, which has been
developed 10 measure dynamically net charge density as a
function of distance through solid insufating materials under
an spplicd wvoltage. The principle of space charge
meusurement using the PEA technigque is well known und
reporied clsewhere[5-6,8-91.

Kwang el al. [10) studied effects of constiwens of XLPE
o the Jarmation of spave charge by PEA wehnigue,
cross-linked part of low density polyethylene (LDPE)
encourages antioxidant and residuzl byproducts on the
fonnation of space charge in XLPE have been investigated.

Momtanari et al, [11] reponed resulis the effect of humidity
on space charge accumulation in XLPE 21 room temperature
andd humidity corcentration from 3 10 95%. Space charge
medsorements were performed by using the PEA 1echnique.
[Hffesent levels of DCeonsiang poling eld were congidered,
ranging from $ k¥/oum to 185 kV/mm.

Chen et al. [ 12] report the effect of mechanica! deformation
on space charge dynamics in XLPE. Thie films wers peeled
fromy  ab6  kV  commercial XLPE cable.  Space
chargemeasurements  under  DC elecwric  Gelds  have
beeamonilored using the PEA Lechnigue.

Chonget al. | 13|reports an space charge evelution in XLLPE
planarspecimens approximately 1,20 mm thick subjected to
electric stress tevel of 30 kV o/ma atfour temperatures 285, 50,
70 and 90°C for 24 h.Space charge distribuions aredominaied
by positive charge when tested at high remperatures regardless
of specimens trestment and positive charge propagation
enhances s lesting temperaluce increases. This caa be o major
cause of concem as positive charge propagation huy been
reporiedio be related to insulation breakdown,

R
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In this. piiper; space charge:dis !nhutwn in XLPE insulating
matesial for’ 33 kV: cable undér different de electric fields
ranging - frofi 287 KV/mm' o7 100 k¥/mm have been
mvesugmcd By 1g"he PEA’ medsurement technique, The
influerice of eléc(ric: l’dd strc*;\ ait space chirge distribution
been investigate

1L EXBERIMENTAL
A Spec:men i

Specxmms for Lhe expcnmen(al made from un-uged 22 kV
XLPE distribtition: Jowier cables having copper conductors 12
Hm m dmmclcr and XLPE insulation & mm thick, as shown in
Fig. 1. THS ypé: ol‘ power vable is used in underground
dis[nbutmn systen - of - Provincial -Electricity  Awthority of
Thailand:Numbsss of XLPE tibbon with thickness 603 were
cut from the insulption sroind a cableby using a microtome,
Al specimens. wiire feasured precisely before testing so the
thicknéss Lfﬁ}ci i ue«leclcd

Te

Cotphucti

Fig. 1Cross-seetion of 22KV XLPE coble

B.Test Arvangement and Test Methods

The PEA technique was chosen 10 detect space chargein
specimans due Lo its simplicity in stractare, low cosland easy
to implement. A highvollage pulse with 5 ns length is applied
to the spechmenssandwiched behween the two glectrades. The
pulseclectric  field  produced  interacts  with  eharge
layers,geneeating an electric force which displays charge.
Theconsequence is the formation of pulsed acoustic wavesin
correspondence of each charge layer with respect toneutrality,
The resultans acoustic signals are dewceted bya piezoelectnic
transducer (PVDE) so (hat the chargedisuribution in the
specimens under fest can be oblainedlrom the output vollage
prafile of the tansducer. Theelectric signal obtained in time
domain represents thecharge distdbution. The anaiysis of
space chargeprofiles is restricted ta one dimension

The schematic diagram for the PEA system used Tor this
experiment is shown in Figure 2. The electric signa} obrained
in e domuin represents the charge distribution. Te obained
guantitative charge distribution. a proper calibration s
required [ 14},

Electrndes and specimens were immersed in transfarmer oil
in order to avoid surface fashover in air. The experintemtal
layout is shown in Fig. 3. To ebserve space charge dynamics.
the electric fields ranging from 25 kVimm 1o 100 kVMmmwere

applied w specimens, The experimental conditions are shown
in Table 1.

1. Suurn.

TABLE

TEST CONDITIONS

PEA system Conditions
Electric Field 25300 kVimm
Pulse Valtage 4040 ¥, Sns. ki
Specimoras thickness Glhm
High coliage Anmlifier 1:2000
Ll Y
HY Amplifics g’ 7, Top ckatrode
5,

Lower tlostrude

Insulating oif

RF-Amptiticr

A— Preed dlevice
~— Absorber

Fig.2 Text arrangement

Fig. 3 Test chamber

T TEST RESULTS ANE DISCUSSION
The PEA  measgrements were performed st room
temperature after applyiag DC field stressfor £3 min, 30 min
and 60 minrespectively, The experimentul were carcfully
conducted in order w o obwin the  precisely  sesulis.
Measurement resufts for each electric field stress level are
iliusteated in Fig, 4, Fig, 5, Fig. 6 and Fig. 7, respectively,
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As dlustrzed in Fig. 4-7, magniwde of space charge
increases with increasing magnitude of electric field stress,
Higher formation rate of space charge obtained when zpplying
higher efectric field stress. Furthermore, the relation between
charging time and the charge density at different applied DC
voltage can be seenloder same electric field  stress,
magailude of space charge increases with increasing charged
time,

Fig, § und Fig, 9 show the relation beaween: charging time
and the charge density 2t cuthode and anede, respectively,
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Fig 8The relition between chacging fime and the charge
density atcathade
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Tonetron)

.-+ Fig 9The refation between charging time and the charge
dimsity ai ano R

V. CORCLUSION

" Spiice charge distribution charscteristics in XLPE ribboen ut
tlic applicd electeic ficlds ranging from 25 o F0 KV/mm have
hieni: observed: over: a perid of 33 win, 30 min and 60
minrespectively uising the PEA technigue. The following
concfusions zra-given.

{1y The characteéristics of space charge formationat the twe
elecirodesalter- applyingdifferent magnitude of DC electsic
field stress were obitdined,

(2} Magnitude of DC eleciric field stress and time applying
DC ficld stress has an important role to space charge
distribution in XLPE materiak.
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