10

15

20

25

30

35

WD 2004/ 038735 PCT/ SE2003/ 001615 1 Field grading
material 10 TECHNI CAL FI ELD OF THE | NVENTI ON AND PRI OR

WQ@BID4/0B873pr esent i nvention relates to a fiel d PCHIE293/001615

material con- sisting of a olyneric matrix provided
with filler particles as well as a device for grading
an electric field in high-voltage applica 15, tions.
The invention also relates to a nethod for grading an
electric field at a joint or term nation of an

el ectric power cable. At the transition of an
electric field froma first nediumto a sec- ond

medi um electric stresses harnful to the electric

equi pnent 20 can ensue due to a discontinuity in the
electric field. In a shielded high-voltage cable for

i nstance, the electric field is wuniformalong the
cable axis and there is variation in the field only
in the radial direction. Wen the cable is term nated
or spliced, the shield of the cable is renoved for a
di stance along 25 the cable. The renoval of the shield
auses a,discontinyity in the electric field at the

EﬂﬂgﬁafguagJEEE@LEﬂng in high electric stresses.

These hlgh stresses nust be reduced in order not to

TSN O RERED B 136 INHEN T BMP ANBERIRR ART
grading the electric field at the transition of the
?'h%cfffﬁe‘“sé‘ritell?v%%ﬂ?iﬁ%l%{f@to 'ﬁe‘?lém‘ p‘?a"dhﬁg ﬁ?ﬁéﬁilal con-
fébﬁrttng\/l{éfr@ @wrﬂe.r@ A trbhipspyided \Mgsnflfl@ﬁm@rdlclﬂs as well
@@"B%e@fcémbh%dm aReerle geneFrngdirapg HD‘%RM?@ BBblica-

e ol Sl 1 00 T il e g

tletitigfiedd gt a\JOi2004/103MHIBtRETOPEID@3E0016 Ko Wer Table.
resistive field grading can be used in alternating

current as well as direct current applications.
Réshst Enanditielnd oframlieligctria fialdstrame afedtimedider to @ sec-

Bﬁ'&‘ erédfdrﬁ' %I%%%Hb”gtr‘@%%%svﬂ'atrﬁ%? t%rﬁwé é%%%&'ﬁ[:' §8u§;5’ment
can ensue due to a discontinuity in the electrlc field. In a
shielded high-voltage cable for instance, the electric field is
uniform along the cable axis and there is variation in the field
only in the radial direction. When the cable is terminated or
spliced, the shield of the cable is removed for a distance along

~the cable. The removal of the shield causes a discontinuity in

the electric field at the shield end, resulting in high electric
stresses. These high stresses must be reduced in order not to
impair the expected life of the system.

The electric stresses in question can be reduced by grading the
electric field at the transition of the electric field from the first
medium to the second medium, e.g. from a shielded cable part
to a cable part where the original shield has been removed. A
number of methods have been developed and employed for this
kind of field grading. The present invention is related to so
called resistive and capacitive field grading.
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the kind indicated above, a body having a suitable
resistance is introduced around the unshiel ded part

wo@booiss7embl e in the area closest to the shi ePdEEEPA3/001615

of the cable and in electric contact wth the shield.
When a positive voltage is apgplied across the 10 cable
a current flows through the body towards the shield of
the cable, which shield is at earth potential. A
resistive voltage drop then occurs in the body, which
results in a nore uniformdistri- bution of the
potential. This potenti al dlstrlbutlon wll be nore
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of theﬁgB at on and, E%Qj w 0S as pqQssib

ling2bd SPRSIS .néat&raabmhlbftlmgeacra@nelmear
el@dtheaarmlst@ﬁcét that dderedver deidhpaht l@éréé‘ﬁn@a@'léctnc

B T o s SErShel ol thersnial e HGRETthE electric
feelld avdtie deddcgradendileddygaadj mpsepeehilss e [@ves the

SBAEH, Bl SRL el CSERPR IS LS00 S such a non-

lwr@ec&ngawe@sstaﬁ@@mlav ianwehf, elfte woltageddrop along
A ldred

B 510 g g euERRtetRe TR A%, Bl e in

M %ﬁ exhlbl s such a non-linear electrical resistance than

in a body that does not..

The capacitive field grading is used in alternating current appli-
cations. Capacitive field grading can also be used in order to
achieve field grading when voltages are occurring in the form of
impulses. In case of a cable ending of the kind indicated above,
a body of a material having a dielectric constant higher than that
of the insulation and as low losses as possible is introduced
around the unshielded part of the cable in the area closest to
the shielded part of the cable and in electric contact with the
shield, whereby a spreading of the equipotential lines will be
achieved. Capacitive field grading properties are also desired in
a material adapted for grading the electric field in high-voltage
direct current applications so as to achieve an effective field
grading in case of suddenly occurring voltage surges.
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The object of the present invention is to provide an
inproved 5 field grading material of the type

wo p@io3g7etl i n the preanble of claim 1. Accor dP@LSED03/001615

the invention, this object is achieved by a materi al
having the features of clainmgl. 10 It has been found
that the use of a filler essentially consisting of
nanoscal e particles, i.e. particles having at |east
one dinension smaller than or equal to 100 nm
results in percolation at a lower filler
concentration in the material as conpared to a corre

%@M"@%{EW@WI@E’ AivEagRibsyng a filler consisting of

s Of larger size. us, with the materi al
according to the invention, desired field grading

| QS ~Ga e j | iketat i I i
THORSEIAR: o pop R ShP ISR (501 b e i improved

flalor ovadingr BLakesdl Ot iharyRamRdieatamkdRafieapreamble of

dappefties of the field 20 grading material. The | ower
the concentration of filler in the ma- trix, the

better the processability and the better mechani cal

A oprdinigeso dhd evendiloth,gttddi olgjeddt isr aghieFedt byramometerial

t f ' iall i sti f 25
Ao e reBrblepals FRIMTYS" v noreased ol ectri cal
breakdown strength of the field grading material as

. Ll . .
FAEREBRA SoBrcothsy 150N T HYIRS) BssATRENY i disting of
naReseatap it kirRGovire sPRsHEGIeSs dTaving At deas§remie dimgension

mﬁggﬁg&ﬁ 9 &§aaeAsErODifh desigrsimd diddigtion at a lower
|

C n...30 Consequent]y, the invention ke t

R SpeceDUtiPRy dha theeraatdiali Bs ARIGPREFA LS, gq corre-
skf)pﬁaqsrydMQJPF@Ite;i:ali(jc?ImprisMWiHer%@mfist&:@l vhysarticles of

ern e . Q | - (0] . .
IBEDEP 2k THLs il R Bl AlReRRRRE i dReciyention,
desined f36lcGigredipgr prepesties efan ba objainéediwihhaviaigtively
I ' i I t : :

1B | EBRbMFAMILAES] ollel ™ | Bie | MguPL CilybY iHbroved
FoRSSEAYRitp02apos impnoyvast iaedescakipapeites af thanfield
Prad@ifigamdterif0 THe {BWeP3RB-concentration of filler in the ma-
trix, the better the processability and the better mechanical
properties of the field grading material.

Furthermore, the use of a filler essentially consisting of
nanoscale particles results in increased electrical breakdown
strength of the field grading material as compared to a corre-
sponding material comprising a filler consisting of particles of
larger size. The electrical breakdown strength of the field grad-
ing material also increases with decreasing filler concentration.
Consequently, the invention makes it possible to achieve a field
grading material having very high electrical breakdown strength
and thus being well suited for high-voltage applications.

In this description and the subsequent claims the term “nano-
sized particles” refers to particles having at least one dimension
smaller than or equal to 100 nm, e.g. particles having a width,
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sized particles may of course have several or all
di mensions snmaller than or equal to 100 nm The

wmawa3s73ed particles may e.g. be essential | yPCT/SE2003/001615

spherical or cylindrical with a diameter 5 smaller
than or equal to 100 nm It igs enphasised that the
nano- sized particles of the filler nmay have any shape
as long as they in at |east one of their dinensions
are smaller than or equal to 100 nm 10 In this
description and the subsequent clains the term"field

It@rn@dhngnG%fﬁéipﬁft?sffﬁlamﬂerom dn Idreeq pa;l ttoct @S'f'nrmef?he nano-
.0 an _amnpu 0] I er artl € I u c .
Siae AT e Tl oPf aroBRee fia%; P&Ferel) &' @ikl fensions
pmeplart tresn 46 e‘kwalfr dd:n‘gOﬂonm.p?Fhfeenraew-gsfmlb@diprart!ickaa‘s may
I encl : | : onpr . .
e o vESsHNIA 1, Bl dicnCoOh L P RRCTiGAl® el &  Relameter
smalkssnt i B megualdoed 801 ps- Boisnampliasissxd that the nano-
f Yl @8 b t
SRECRRANICs 0 MY Aol Mol TAVEENY SEpe 15 BIRtRs they
imaeérieaistap aer of ttheir Z0mensioVesd akgetMaltesthanqer taual to
{0bl@m particles decreases from 100 nm and downwards.

However, it is considered that a di nension of about 2
nmof the particles is the practical lower |imt. If

Imehipadtsergsticn eandalther subedqhent dlaimis Ithee teemy “field

Qirdrg STESRHPS; B nt il U0RF batTIe'sD AetBrdrie mrf amount
6f ffiller pahiibles tamtdsssufiicientnoregbdnignisairhaterial dae de-
gﬁgpﬁ@ék?ﬁﬁgkﬂﬂg_&ﬂﬁgehﬂ§SQ|nEnS|on of the particles

cr'eases from 100 nm and downwar ds.
The surface area per unit 30 volune of the filler as a

A'é%‘rﬂﬁ’fq %o tah?.rﬁféttrie‘a' ersba8imerit bpsheatbntidnFitae filler
for spherical, filler partigcles that are fu)l ) )

apapisen Anfigldnaradinreelierlive AnQUNcPbRartigleshbaving
gHef anfedrtanpeetwdidn \BIB0 wim, iprdietalbed-50 hen and most

BRI B 30w o b3B BERBL I Lt L Sgyg npioated
advenéagds iofvire iinwenihio realofiedd 8g3ad PQrnsalansl eoecisrther
ﬁnproved when the size of the filler particles decreases from 100
nm and downwards. However, it is considered that a dimension
of about 2 nm of the particles is the practical lower limit. If the
particles are smaller than that, it will be very difficult to disperse
the particles in the material and to prevent the particles from
agglomerating.

A filler exhibits an essential increase in surface area per unit
volume when the dimension of the particles in the filler de-
creases from 100 nm and downwards. The surface area per unit
volume of the filler as a function of the particle size is illustrated
in Fig 1 for spherical filler particles that are fully dispersed in a
matrix material. This increase of the surface area per unit vol-
ume is believed to be an important reason for the beneficial ef-
fects associated with the field grading material according to the
invention.
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Furt her preferred enbodi nents of the field grading
material ac- cording to the invention will appear from

wo b@4azgyendent clains and the subsequent descPCPSEN3/001615

5 The invention also relates to a device for grading

an electric field in high-vgl tage applications

according to claim12. The invention also relates to a

nmet hod for grading an electric field at a joint or

term nation of an electric power cable accord- 10 ing

to claim13. BRI EF DESCRI PTI ON OF THE DRAW NGS Wth
Hwﬁtbeénpeeﬁarredeemmmdbaendsam rhbs fialdngradipgcifaterial ac-

cfbﬁr\géﬁ Igcrﬁrt'h%t n‘??eﬂ ‘?{H@ﬂgl:rgﬁ e F@’rheﬂ?%fdéﬁgvr\rndﬁdg claims
gd thg gu §8@Ltﬁmfgd§ﬁﬁsltmwm@ the surface area per

unit volune as a function of the particle si ze for
artjcles, fuIIl% di spersed in a matrix nmateria
al

Qi MyentipRes rel@ﬁaﬁe’wz@ dequeu@ragdaagmgnan electric
frleWimaighey eltagir apglnc@a@mn% iad dor doh g dicf &Penm qry,

field grading nmaterials as a functlon of filler con-
centration, 30 Fig 3 is a diagram show ng the

Terhecmemathobr ebdclowiates riengt methddf fer enrtading! dn electric

TR, TR P Byin G B Sl Hiiag cavle aceore
:ﬂgeHOectalm TLhnstant (permit- 35 tivity) of different
fleld grading materials at 1 kHz as a function of
Ler concentration, WO 2004/038735 PCT/ SE2003/ 001615
E’GRlEFgD§$§F§IFﬂT@%@%H—ddEn@RAWW@§! rical

resistivity of differ- ent SlelIIers as a function

f.electric field stren
With ré erénce'? the englosed drawmgs a more specific de-

scription of embodiment examples of the invention will follow
hereinbelow.

In the drawings
Fig 1 is a diagram showing the surface area per unit volume

as a function of the particle size for particles, fully
dispersed in a matrix material, having a spherical

shape,

Fig 2 - is a diagram showing the electrical resistivity of differ-
ent field grading materials as a function of filler con-
centration,

Fig 3 is a diagram showing the electrical breakdown

strength of different field grading materials as a func-
tion of filler concentration,

Fig 4 is a diagram showing the dielectric constant (permit-
tivity) of different field grading materials at 1 kHz as a
function of filler concentration,
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5 Fig 6 is a schematic |ongitudinal sectional of a
termnation of an electric power cable, provided with

w@2iamys7e3 field grading material accordi ng tBCT/RE2003/001615

i nvention. 10 DETAI LED DESCRI PTI ON OF PREFERRED
EMBCDI MENTS  OF THE | NVENTI Oy The field grading
materi al according to the present invention consists
of a polynmeric matrix provided with a filler. The
filler 15 conprises a field grading effective anount
of particles having at |east one dinension snaller
than or equal to 100 nm The surface area per unit

ol gme of, a filler conprisin rical art cles
% et ¢ dn-ardiagtapt A wEh g 2 PR ¢ . RSN & of Srirer-
1. 20 Fremi (Si€ dllhegrsamsoia Fugctioni bfoalredmacséemdtmmgth
a filler ibits an essential increase in surface

area per unit volune of a fully dispersed filler when
the di nension of the particles in the filler

906‘933‘95%3“ %O%ﬁ%%éma‘?nQIQM@WéP%eﬂT%élr gl §“Jerf’r§ination
curve oW N ace area er un
of a fill¥r ads ezlgcérlfcup&wah %abkaqepﬁ@wdwewsﬁm@ body of

i ncr easegigRPYALY IS rhb@eﬁb?%c@‘orﬁhﬁg teafHd ‘Fh@én’u%n
gradual Iy redtced bel ow 100 nm It has been found

that several inportant properties associated with the

D E&1A LdE @d- DE@CR‘IPSFCI?II\(JOf(aG fPE!EEiFElFHtQEfElgl BMB@D@MENTS
ated kind are essentia and
@E tﬁ?mﬁl\‘%@ved as the dinension of %o t he
particles in the filler is reduced bel ow 100 nm The
fi

eI gorBunig Maibhfal sBccreid, By, R mitent nypntion
cam$usrt%r0f:<ﬁrm<plsfrngrl@ matrix predideg éfvlﬂécalﬁlldeanﬂ'dm filler
dHng fstéé:'aeﬁéTéV %I?‘l %?\%Sétl\%‘earﬁb@‘?ﬂ 8’15%%' F!Ié%eg‘?’%ﬂgg at

nm prefera nost PLe
@Q"Tﬂs a

lﬁﬁ]s WH© m@@ﬁmsm gEiBn@@/ eoEstuR! tp f

di agram showi ng the el ectri cal reS| stivity of sone
.ﬂj\f- fr%rent field raHdl Irmter a s a funlg:ItSL on erical
¢ TefcaRe R e b Yl S PampriskY sih

panideg2asi s wrlcien cbfotfaefpantteble Slze is illustrated in Fig 1.
From the diagram of Fig 1, it can be seen that a filler exhibits an
essential increase in surface area per unit volume of a fully
dispersed filler when the dimension of the particles in the filler
decreases from 100 nm and downwards. The gradient of the
curve C; showing the surface area per unit volume of a filler as
a function of the particle size increases rapidly as the size of the
particles is gradually reduced below 100 nm. It has been found
that several important properties associated with the field grad-
ing effects of a field grading material of the above-indicated kind
are essentially and surprisingly improved as the dimension of
the particles in the filler is reduced below 100 nm.

The polymeric matrix in the field grading material according to
the invention is suitably provided with a filler comprising a field
grading effective amount of particles having at least one dimen-
sion between 2-80 nm, preferably 5-50 nm and most preferably
5-30 nm.
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5 grading material consisting of a matrix of LDPE
provided with a filler of ZnO particles having an

warenasss3si ze of about 0,3 pm (300 nm. A secPOHSE2NY@1615

C22 is related to a field grading mate- ri al _
consisting of a matrix of LDPE provided with a filler
of ZnO- particles having an average size of about 49
nm A third curve 10 C23 is related to a field grading
material consisting of a matrix of LDPE provided wth
a filler of ZnO particles having an average size of
about 24 nm It is evident fromthis di agramthat

FEgeel i@ atdlj%:lgfor ?ﬁo@@lr@g‘tﬁéseflrétdtﬁlcleﬂ rle%‘f@ﬁv tkl ﬁs%He dif-

ﬁfgrégﬁém graeing mated at&?SaﬁdeIB?tM)Ofaglleommneelntratlon

t I | r I
(petrbslng%g(ér by v‘é‘PUﬁ’fé)S m\gﬂr»sg cgruarta)eerz@ Sl%(gfélatgd to a field

Bita G Rl e islstngerk & MBI e RE K, pEoYidacwith a
cfdlre:reon‘rZhOamaJﬁlodésut]aWﬁ/ Ay wokvay ea§&e15c9’f> Bbout 0,3 um

Y8DY ). BreEholE: ¥85\V%feé§§iﬁ?r%i%§%cﬁ§o hie s ing mate-
rie) eaneistingref at pratrix tdfeLiBPrE/ r62/1deaihmt$n®| filertde ZnO-
aﬁ'&ﬂ’??é’i‘”?gh G E8rad 8 iR Bt 6L 40 Blrg. A thigd curve
& mgisare et ed ?Q\;at ﬁ@lél@‘c&dllngamaﬁeésaddmnssﬂtlmgglmadhatnx of
lFDPEO ¢bf/f&é§r\1géfﬂ]1t? ‘tﬁllginra 'f@?rg(e‘iﬁ grr‘ré@LeSs ﬁ\ﬂng"é%@%rage
éﬁz?l @é?é'?gyf suf &8 e‘éﬂéipt%l pfcspmg Sndltagram ¢hat percola-

rnejratba@lgtrrs aatf izal Cb@ééﬁtl@@ly”%We'rahII@‘P”CO%‘%WP?EIIBE for the

MBbldia s, cchbuBify: DERet siged.fibes Harti18. (Sitves &y, and
@) oasi cerhpardd R0 thleeshatdtial Qidmpr;b&h 8%1@@59'&% filler
|, e
TN L T
@nch Casfpereelagio piarst aitlaeﬁlllleammgcantmtmraga‘ aboet 12%
Bfy v@'P@t*#e 52591@”15% n){W@rﬁﬁ@%s@@éﬂﬁl?Mpe&e%% p¢cola-

ﬁeen i n

Qﬁbb§9£€§ @F 18 éﬁ aPPP@eéEf%BOHan@leghaﬁ%l bytvokune for
bineakaduriastre¢atd d tbhene tdigveacs,i The %ﬁﬁ‘é’ﬂ??'tﬂ% size of the

SLHLEIRL 2 SN BRI, oS b iren 1o per-

colation.

Fig 3 is a diagram showing the electrical breakdown strength of
two different field grading materials as a function of filler con-
centration (percentage by volume). One of the sets of measured
data points in Fig 3 is related to a field grading material con-
sisting of a matrix of LDPE provided with a filler of ZnO-particles
having an average size of about 0,3 pm (i.e. micro-sized parti-
cles). The other set of measured data points in Fig 3 is related
to a field grading material consisting of a matrix of LDPE pro-
vided with a filler of ZnO-particles having an average size of
about 50 nm (i.e. nano-sized particles). It can be seen in this
diagram that the material comprising nano-sized filler particles
has a higher electrical breakdown strength than the material
comprising micro-sized filler particles at a given filler concentra-
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tion. Consequently, a higher electrical breakdown
strength of a field grading naterial can be obtai ned
wob@n/08858hg nano-sized filler particles as cOPQESE®OY/@1615
using mcro-sized filler particles. Thus, a field
gradi ng material conprisinggnano-sized particles is 5
sui tabl e for high-voltage applications. It can also be
seen in the diagramthat the electrical breakdown
strength of the respective field grading nmateri al
increases with decreasing filler concentra- tion. 10
tiokhe Carse guead!yf,i &1 leigtpar wlettrécaubrapkgoyensitrengéh of a
. 1gs 4004 % I S i
fig)f S0y il g Pt be AANER WIERTy g&fv@?ﬁ@?‘md
filker phetitles aycampgne 601 asinareIGErsiaad dlliek partisies.
THHE, b §EMH yr%‘aiﬁ AR Al cORAI Sintg niaho-bfz&beparticles is
présent 1 nventiofl suita lY con3|35€, or at | east in th
sutaleia fal Pyghowataees anslGalines, It hernBads see in the
dikbearPrhastthe elastriv@r bréakdowmrstfengtid dfhtite rbspective

o nat { . or_at | t tiall ' ,

fikd peagEiomatstiabincorashe il derr eoptng dlllsr RobRgntra-

tidgnmer/ pl astoner, preferably including EPDM (Et hyl ene
Propyl 20 ene Di ene Mononer) rubber or silicone -

rubber, or of crystalline thernoplastics, preferably o
Tivel yahbysioed fifler particies eaitablecopatituée desgr than 40%

o gAY, SRPEEaE 18s5 iR SOTPHCVER Flox it most pref-
erzblyHesisnthan i 20:% biyevelumer of $hefligldgragding Qﬂaiﬁ{é?

the bulk has a dielectric constant at infinitely high

f ' f at, | 5,. f bly A1203, Ti 02 o
ThaTROR & MARGK 68 heafidHeOFF GG ghaleng! ARG to
tH??Spr%féeﬁﬁlt iil’v{@eﬁg@ﬁcitédmabgﬂ dormsicdtey ati laa? e apeassentially

i n pqssi bl e .conbi pati on e d gr
consfus: e itensanpatet ek Biaiorlagic Spstoter. it
iscpnstame_doﬁha‘g aeemiztix cosisisimgonhtdegsityessentially con-

naLri er i i z -
SIS LB hPy leic rpeb aro 81 S eRBpTast_Rqlvefefinzlas
tcfrielr gyl askomsarar prefemlys;unﬁkucan@g!l?f@é\énfﬁiﬁﬁwér@ Propyl-
ehgﬁgtigﬁgfm%@om afmbbEr idCEARSEN & Tudisedi 6 efft chystalline

. Slze of th articles in the
thetmeplastigecPég @6@&)"& 99@}‘1‘3%\%’3859-

The nano-sized filler particles are suitably dispersed in the
polymeric matrix by ordinary melt-mixing.

According to a first variant of the invention, the filler is of a ma-
terial where the bulk has a dielectric constant at infinitely high
frequencies of at least 5, preferably Al,O3, TiO, or BaTiOs3. This
implies that the field grading material has effective capacitive
field grading properties in possible combination with resistive
field grading properties. It is previously known that the dielectric
constant of a material consisting of a polymeric matrix with filler
is fairly independent of the size of the high dielectric constant
particles of the filler. However, it has surprisingly been found
that there is a dramatic increase in the dielectric constant when
the. size of the particles in the filler is decreased to such an ex-
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WD 2004/ 038735 PCT/ SE2003/ 001615 9 tent that the
particles have one dinension snaller than or equal to

wQa®4/08873Ther ef ore, by decreasing the size of P¢ESkI0031001615

di el ec- tric constant particles in the filler to such
an extent that the par- ticles have one dinension
small er than or equal to 100 nm a 5 field grading

mat erial having a desired dielectric constant can be
obtained with a filler concentration being essentially
| oner as conpared to a correspondi ng materi al

temrihaehthga oditldles hawe enetdngenfsngarsmdll@ tan or equal

L0t ToARGHe. bl Bt EeS T RIADAIR, sigh, delec-
tﬂaepen@itaat rpgerrtmlera il $heviiileh tarsushibgradentahatnthe par-
e ﬁ%w%rvg S RAErRhodnfalldeaHaRebrokaba T, 0 hm, a

uncti on r concen 1 on
fiRld.gegd '%@@ﬂeflﬁé rbaa\ﬁ@goa fh%'é@drdtﬁl@@ﬁﬁcgmrms@nmcan be

dhiikeds V\Vl@habetﬁl!fé? %d‘ric%rﬂr@h@‘i’i r!ﬂali'a?ow ﬁ‘éllx lower as

conS|st|dgg a matrix ({LEn er%

GPMPETC Cof OAR2 69 pEBPPAIKBINEIA ]| nCeW’BPé'@éngl acfiller con-
distiger of partid@snof laige siderr o- si zed particles. The

ot her set of nmeasured data points in Fig 4 is related

to a field grading material consisting of a ma- trix

foilg Enizage diagpaovistenwimg Hhe tiuélentgrm‘ cAanpypidrehigtvity)
EBOerE RS S A MR e usipd to
amalt&ﬂﬁ@tﬁw aroldngeohpring myfregnoescyeafl 1fkiHkems a function
cﬂaﬂnép'c%ﬁw&@ﬁtr%tmngg%rééﬁwgéfw \fcﬁp?ﬁégar h CpfttHs sets of

mat er 1 al rirsin mcro-s
eaSH red) |(§ﬁ Qoﬂ@éﬁfﬁr dn fiign4 Js Ketatad nip ta ﬁeé@cgnﬁadmg

matéesal afnséikeing ftyfeat m%ﬁrlxt be Ehbheke® Fr@(nd’ed with a filler
a nmaterla avi

nduct,i n :
BSOS an #Var P wsidcakaiyer el 100 nm,
iabonticko-eizent platiabey. THEOotheBiget Jﬁeneggugéd data points
e n | n
S IS0 4 81T Eihe] iy AUECHET Y of o ma-
tkasDétEd‘r@@geofpf@éldecélth@raacﬂnlkaj ohttdsOgtpaitielesahaving an
48 @%@fetéaﬁtabctm SO, el Db e b8P LRI RE M (4N be
seen in t lagram that the materlal comprlsmg nano-sized
filler partlcles has a higher dielectric constant than the material
comprising micro-sized filler particles at a given filler concentra-

tion.

According to a second variant of the.invention, the filler is of a
semiconducting material, i.e. a material having an energy band-
gap larger than 0 eV and smalier than about 5 eV, preferably
ZnO or SiC. The use of semiconducting filler materials, such as
ZnO or SiC, normally results in a non-linear electrical resistance
of the field grading material, i.e. a resistance that decreases
with an increasing electric field. This non-linearity of the resis-
tance can be favourable in certain applications as previously
indicated. The onset of the non-linearity of the resistance, i.e.
the electrical field strength at which the resistance changes from
an essentially linear to an essentially non-linear behaviour, in-
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tance can be favourable in certain applications as
previously indicated. The onset of the non-linearity

wotonloss78si stance, i.e. 35 the electrical fi ePdI/SE2003/001615

strength at which the resistance changes from an
essentially linear to an essdiftially non-I|inear

behavi our, in WO 2004/ 038735 PCT/ SE2003/ 001615 10

creases with decreasing size of the particles in the
filler. Thus, a material according to this variant of

the invention exhibits an onset of the non-linearity
efeapesrwiihstgsreasinggsize of fhgmearticles in the ditgm Bbus, a

ﬁpéwaﬂd dctérdif r%@pﬂﬁ@ %rrmﬁterdfalthéom@emnbﬁm%%ﬁbns an

fill onsi stin arti l.arger size

PRse oﬁgett %fnPﬁe“Héﬁ”tVn@grﬁ?\% resistaneesbeingcat iz higher
ﬁtel@ btr@?ﬁgtrl;f i 24 dclzoﬁw@mil htfaI ;@I ¢@h4e%ﬂcﬂ%ﬁi O\S/@Iaftieﬁ'aﬂﬂ com-
| el €Cl.ri ca
B Aoe b heRiistifor Bt e liblas Oloaigen sizes Mihen the
gnaait nof ﬂheperdm?meaﬂty:lfcg‘ mesr%léltalgbéﬁ}§lfall\/\enﬂlgﬂﬂér field
C | |
SlA gL 9 o i et elae
becorasar passilb ke .pdhhs smay §Egc5mbm@cﬂ aﬁvdd soitabbereapaci-

ﬁ_\,@ ﬁ@y&iggaqmgpb@?‘g ééC partl cl es having an average

size 0O m cro-sized particles.
The ot her set of rreasured data points in Fig 5is

Fed %qgaﬁog\?}aeg%rg\ §:h§g9%}§j?ge‘3@l@éﬂr%élgr§é§tﬁﬁw 'ocf' Sﬁferent
Eé&tP Heks a3 @ ?@ﬂc:B@nseg.eleﬁtrmfgel@i. shesiathnionenef fhe sets
shtreeasu re@lmd amal ;SdJmIsriﬂnprg I52 fgl réﬁﬁffiﬁi?ﬁ?‘gbsﬁ@ B8wder
EBREP R SIer il 8B naving Al gveTadansize 86 Al O 1m.
he. qoigrar- edzed paetlmm;erTlaé ctiraar st f meuresd geda pomts

FRE% 58 Bl VE B e, SR BBl bbBAprlf AERS| ClpBcies
bammgsuarg gaenages Sduzemafroabbldé & Inangef.g.t eano-sized
gﬁ?ﬁblé’é fth%arhorbé 'ébe@r'i'lﬁytrﬂ i ﬁﬁé’mﬁﬁ' fhaterial com-

ssenti al - rocal roporti ona

BHISI NG| 'éaQiOz@'Z@@ ma&tlw@ﬁeeéhltb@énanoonﬁe&éa‘ thatnendinear-
Rpsef tiethesireankcienedihyy 20f at heghesi sledieR iffeldOlstrength,

about 10 kV/cm, as compared to the material comprising micro-
sized particles, for which the onset of the non-linearity of the re-
sistance is below 1 kV/cm.

For a material comprising particles of micro-size and larger, the
onset of the non-linearity of the resistance is essentially recip-
rocally proportional to the particle size. It has however been no-
ticed that the onset of the non-linearity of the resistance is not
reciprocally proportional to the particle size for a material com-
prising particles of nano-size. This is advantageous since the
onset of the non-linearity of the resistance would have been at a
far too high electric field strength for a material comprising a
filler of nano-sized particles if the reciprocal proportionality had
applied also for nano-sized particles.
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reciprocally proportional to the particle size for a
material com 30 prising particles of nano-size. This

w0 200adssBt ageous since the onset of the non-I|POESEIN001615
of the resistance would have been at a far too high
electric field strength forl1la material conprising a
filler of nano-sized particles if the reciproca
proportionality had applied also for nano-sized
particles. 35 WD 2004/ 038735 PCT/SE2003/001615 11

According to a referred e [ of .the inven
Aaasydiggoto & pedre rrerieerrpmab @39 %f hednyeny '%v@"%”ano-

sri@@h‘rI@ép?ﬁértr@b‘soe%eﬂtraﬂlry haseeet hi@fﬁl@spéctmaerot hag. an

wcbied] SHELR e BB P PEBly GRE RIS R, st
prefefaltpyesnofe kihleirs1OAthaker;sartﬁd:l@IeesnayLﬂnesprovrded in the
bl LTS G R nBES, 1aBkss o Bogiuaser

isotropic field gradl ng rraterlal IS obtained. The wuse

If ?ﬁef}?‘%ﬁr@@é T?\ﬁﬁpg écﬁ”f@t‘i‘o'éré 'Fﬁn@]@tnﬁly( oriented

ower

| on
in dbec B BR @@te@ﬁrﬁa I tg)r%rﬁ@& maf@gb%lnbﬁ ptained. The
us@toefré@thSEIPfrbﬁeé‘ga@rcfdrh'Iyefoﬁ@ﬁtSe@trlnnﬁwemeﬁrrbd ebealts in.

petapiagon At b aust FIRE aN ERatEER as com Bl B lS sotor-

reé ingl Imalterrerhecemmrelmgecar ﬁ?erncohsmlmmg of paetrcles
erre

haanpg(:g%g%rnﬂgl&geﬁéﬁgr@élgsnﬁ‘g |g|so|tC P:)Sy infield

grading properties is conferred to the field grading

b
If g?g[ref%?ﬁﬂrclé/%" h“eh/rﬁgl %mrwgsﬁ%’?t Patﬁg;’é;ﬁg %*?ie?rwa’dteg I’ro extend
esgivtiall Mg‘rt dﬁﬂw@qfﬁ@eﬁiﬂr%{@% KLithgpmea tfrb?? l&self aﬂ"ec\y are

odré’hfk!d 9h é%’ﬂ@@rﬂd Qﬂeférréﬁl élrecitidre imawer noatplxg, anranisot-

rolt 61 (T 14 SR REURERRE ot “'%egeﬁérrfecﬂtﬁ s "elgh grading

mbe¢emahawhich Bings 6treghecar s Ifavrzara laidnreedain applica-
t%ﬁgl e termination 1 provided with a body 2 of field

ding material according to the present invention.
The cable 3

A field grading material according to the invention is suitable for
use at a joint or termination of an electric power cable, in which
case a body comprising the field grading material is introduced
in the cable joint or cable termination. Fig 6 schematically
illustrates a cable termination 1 provided with a body 2 of field
grading material according to the present invention. The cable 3
comprises a conductor 4 surrounded by an insulation 5. A shield
6 is arranged outside the insulation 5, said shield being con-
nected to ground. The end of the cable 3 is unshielded, i.e. at
the end of the cable the insulation & is not covered by any
shield. The body 2 of field grading material is introduced around
the unshielded part of the cable in the area closest to the
shielded part of the cable and in electric contact with the shield
6. The body 2 of field grading material will secure a uniform dis-
tribution of the potential at the cable termination, as illustrated
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conprises a conductor 4 surrounded by an insul ation 5.
A shield 6 is arranged outside the insulation 5, said

W@ bioglogB7h®i ng con- nected to ground. The end OPCT/RE2003/001615

cable 3 is unshielded, i.e. at 30 the end of the cable

the insulation 5 is not coverigd by any shield. The

body 2 of field grading material is introduced around

t he unshi el ded part of the cable in the area cl osest

to the shielded part of the cable and in electric

contact with the shield _6. The body 2 of field
byathaeauireiential lineseduir Rigubi fGnhky dhe Bpper half of the

e S e S5 hiro s A eGSR IS5 TbMEn 18 Fig o

t he equi potential lines 7 in Fig 6. Only the upper
ﬂarife_ldfgt;r_tegtﬁnig mwﬂodv\rmwll: E@Eio?egﬁgiﬁf FLel gﬁ@?ggii@rgﬁis particularly
SRR (uskang G fInE' Fodasdiebnd & HREHEE, il inshign-
yoiteee epplicateonsn dudbvacdelize gradidng. gincelneptisieca body
D 8f SnEr O LR ERb b1 0, PR B Hyion or
cabie Jont er insanytotheratyeetef applicadiorowheebla grading of

B@l 8le&rid ﬁe‘l*ﬁﬁsq"é%ﬁf' pe of application where a
gradi ng of an elec H{%Mfield is required. 10 The

invention is of course not in any way limted to the
Pihed &ivedtioaneodf mlrs daekinbgdyabayaimied B6 the preferred

, | ibiliti dificat
EREBImem duBsceliEnabava perB SHhe skontianyn srveral
potssibil ttresitodeddificagidnertheneobadiauliddee efidént hf@ a per-
B30I, Y96LERE, e ARG 5L el bl Bl of
Heumvesttian. asr defined in Ither gppendeds claime It is for in-
gpémté,p@ést&%g_t@Siridv@d%S%%Wdcﬁiiti_ofn'ag'grirﬁlgér# %gpf)unt of mi-

effects are defined by .the nano-sjze rcles
FH1ided ?'ﬁ'etrheaﬁ%\?ﬁi.ngh%%@%ﬁ ®8795g as the essential
HETd Sr2@NRH061etds Ere BeMdd by the nano-sized filler particles
included in the matrix.
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1. Afield grading material consisting of a polyneric
matrix pro- vided with a filler, characterized in that

wo b@4f0sd7B®r conprises a 5 field gradi ng effecPCweE2003/001615

anmount of particles having at | east one dinension
smal l er than or equal to 10018m 2. A field grading
materi al according to claiml1, characterized in that
the filler conprises a field grading effective anount
of 10 particles having one dinension between 2-80 nm
&refglrl bly 5-50 nmand nost preferably 5-30 rim 3. A
| Sradi ng material according to claiml or 2,
charac- terized in that said particles are of any

em, con i na- terial ' band

T arhdioih Gra Tl el bBhsI{hA % SOFBARERgRR pro-
Znvidredsindth 4 fillefri @hiarpaetirigednirethat thedoller mpmprises a
cl ag; - Ler i i il

ar hEld ghacing LRy SR ] pofloIsR faBid ' st one
di eflisaenptor Gisaler tan eriegual JoHiYh fhequenci es of

at least 5, preferably A1203, Ti02 or BaTi03. 5. A

mat eri al ,accordi t g any .of

3 Al O BB M AC e8epratng o hlai% f deharacterized

parin thestiae €ilpay tiothpsisedd ahfigldigradiagpeffectiatd anvdunt of
nmore than 1, preferab ﬁ of nore

. t 5 angd,nost
or bt ey BRYEpEofRalider0R L p@rgy 2R . preferably
mat 8¢5 @GInracziod dniog tt preflexain\p 5-8Ranact eri zed in that
the particles having an aspect ratio of nore than 1,
30 Ereferably of nore that 5 and nost preferably of
gorA fiedeh greddingr anpietied gcepT@mgedoi alaine treef iZ. charac-
Ahfté}‘iﬁleﬂr ﬁﬂgﬂ@_t'@é%ﬁrtﬁﬁégrgté‘%ﬂ Qﬂ% 8bMigonducting ma-

cha ze int e particles Vi ng_an .aspect
r at &5 1@ ﬁﬁrregtafamergwg &P d8rgebinabr@ 2¥eang smaller

andtHmsts pheferefelrabdy 2mOeot IEHT . WO 2004/ 038735
PCT/ SE2003/ 001615 14 " 10, are oriented in essentially

the sane direction in the ma- trix. 8. Afield grading
érat Ar fiald agraditighanede ey a¢cerdings t6- ¢laiohal -o5 2, charac-

?g:%ﬂiigﬁ i AL 53R Ao BALISE & eBY A9y AN ARREA! where the
bulk has a dielectric constant at infinitely high frequencies of
at least 5, preferably Al,O3, TiOy or BaTiOj3;.

5. A field grading material according to any of the preceding
claims, characterized in that said particles are particles
having an aspect ratio of more than 1, preferably of more
that 5 and most preferably of more than 10.

6. A field grading material according to claim 5, characterized
in that the particles having an aspect ratio of more than 1,
preferably of more that 5 and most preferably of more than
10, are randomly oriented in the matrix.

7. A field grading material according to claim 5, characterized
in that the particles having an aspect ratio of more than 1,
preferably of more that 5 and most preferably of more than
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nore than 1, preferably of nore that 5 and nost
preferably of nore than 10, are provided in the form

w@booftiobs7es, fibrils, whiskers, flakes, ellipspCTSE®N3/001615

tubes. 10 9. Afield grading material according to any

of the preceding clainms, chddacterized in that said
particles constitute | ess than 40% by vol une,

preferably | ess than 30% by vol unme and nost

preferably | ess than 20% by volune of the field

grading material. 15 10.A field grading materjal
accdPdiaig oslemiedfintasspnii@dy Hie amendirection in the ma-
chagrpeterized in that the matrix essentially consists

of rubber, thernoplastics or thernoplastic el astoner.

20 11. A field grading material according to claim 10,
SPaAaﬁeml‘ igfzradjingnMét@trialhacuatdﬁng & ssemy i cfl d:llxai?mﬁi-il; char-
0 N r Qr . a ol.yo .

ol Betdfized 1ol SRR <Hig, DAREEDES ShbYGT Y ket ratio of
( Et mdrenth@nopy peatemeiyeovomoreethat $oead nwostspréetanabdly of
rub ys [ I i PRef Y il
25 po}?@ﬁhy engg’léai g£§¥k§§§gﬁpg?§%iﬁgwgnbglEé??%t ﬁers{
fi ewdniskers gflakeis. aglipgajdscar teb8as, characterized in

that the device conprises a field grading materi al

B hi5 An0ERBI G| BRI ACCHTAE: oAty Af e gifeceding

gfdaraim@ctdhar%)oWriz@ablia, tha'_ars?aa:it!er;jazreiqblées tbastidgute less

(0] | f 0

or afiieh 17971 BV yBAHES oTRF Sty FEG) (1, 3BofT¥y “Lotume

cabbad enoshapiaferaty less than 20% by volume of the field
grading material.

10.A field grading material according to any of the preceding
claims, characterized in that the matrix essentially consists
of rubber, thermoplastics or thermoplastic elastomer.

11.A field grading material according to claim 10, characterized
in that the matrix essentially consists of polyolefin rubber or
thermoplastic polyolefin elastomer/plastomer, preferably in-
cluding EPDM (Ethylene Propylene Diene Monomer) rubber
or silicone rubber, or of crystalline thermoplastics, preferably
polyethylene.

12.A device for grading an electric field in high-voltage applica-
tions, characterized in that the device comprises a field
grading material according to any of claims 1-11.

13.A method for grading an electric field at a joint or termination
of an electric power cable, characterized in that a body of a
field grading material according to any of claims 1-11 is in-
troduced in the cable joint or cable termination.




