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"Pr.ot ective sfeeve for electrical | i 11 2 5 cable terg patj
o g111%25

ory splice” This inventipgpHItHws $Ded@EOESEaBl8cEraeads for use in
prigtiecting term nations and joints for electrical cables. Wen a

continuously shi el ded hicgiblw|tegrinabieni sx5splieerti nated or spli ced,

shield is renoved for 4 on or splice t

el ec..trical bregkdown_al ong_t he rface of the i tion fromthe expestd -
condygtor to theééﬁfeﬂavégﬁggp &éﬁ%#esﬁ%?rﬁéﬁég%P%#i h32§ﬁ&8'd’ §u§%§ .
di scontinuity of.fh ri £ el ta S..S legtrica
stress at the enﬁﬁogr%%gsgﬁﬁ I§%ﬂﬂidﬁﬂﬁéﬁ%2§$%1?%£§£$h#§rs ¥§égrgﬁ§§so
prevent failure gébggg cable insulation in service, a nunber of nethods

have been proposeé 0 provide stress control by resistive or 15
capacitative effects, for exanple as described in U S. Patent_ No.

3,396, 231, and B¥henpsh pap&inuyesly, shiedded (hbok el bagresablewhisch are

I ncor- porated herein b{ ref erence. Accordinqllo the present _invention
there is profi de§eypingtedoP&cSPld-c8%e i s oinietdpt & YEPAVARG £8R SMC&pl i ce
whi ch conprises a gLnension%lgﬁ‘g&foverahle extruded,tgbular article having.
an- i nnernost st r 8sS1§F38FRg TF & Feratinon ok uPBEFRE thatr ef8Fer and

a con- ductive oyler |ayer ,uherein the biSulating,! B¥°n% nsutation

from the exposed conductor to the shield cannot occur,
The removal of the shield causes discontinuity of.the
10 electrical field so that there is severe electrical
stress at the end of the shield. In order to relieve
this stress and so prevent failure of the cable
insulation in service, a number of methods have been
proposed to provide stress control by resistive-or.
15 capacitative effects, for example as described in
U.S. Patent No. 3,396,231, and British Patent
No. 1,434,719, the disclosures of which are incor-

porated herein by reference.

According to the present invention there is provided
20 a protective sleeve for a cable termination or splice'
which comprises a dimensionally recoverable extruded
tubular article having an innermost stress grading
resistive layer, an insulating inner layér and a con=-
ductive outer layer, wherein the insulating layer has
25 @a substantially uniform wall thickness along its entire

length. 1In use,the sleeve is desirably applied over



25 a substantially uniformwall thickness along its entjre | ength. In
use,the sleeve is desirably applied over a shielded electrical cable

term nation or a shielded joint between two shielded électrical cables, t he

or each cable being a shielded el ectrfcal cable conprising a conductor, a

=Rl-ectric layer which surrounds the conduct or and whi ch has been cut
gE@%*LQ expose a length of the conductor, and an electrically conductive

| d whi ck shieddieds ¢lleetiiidtaktealble apermindtibinclorthas sideildrd back }U}

expose a length of the dielectric layer, so that it overlaps the or each’
cabl e shiel doing betweescdwy ahiekdedt alectsigady caddieshg thee off eeve.
Preferably the conductive outer layer is electrically_connected to the: or
each cabl e €BFbl ga®leobeidimifl Ihie ke opleqtriradyveable zomprisiig ati ng
inner layer is preferably formed froma materjal_w th appropriate

el ectrical PrBpRARCESTI.nA GHiHPUH SRt F¥eF eWhirhnsurrpands ttha ty, and
nigh brgakdomn e totdand Whith wodMeds L90 BXAHPLS 2,Q0m ' c mtrix
length of the conductor, and an electrically conductive
shield which surrounds the dielectric layer and which
has been cut back to expose a length of the dielectric
layer, so that it overlaps the or each cable shield,

10 and recovered, advantageously by heating the sleeve.

Preferably the;cdnductive outer layer is electrically
connected to the or each cable shield at or beyond the

ehd of the sleeve.
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5 having dispersed therein if necessary a filler to give enhanced

el ectrical properties. Polynmeric material suitablé for use as the pol ymnpe
mat i x may include resins conprising, for exanple, poly- olefins and o
copol ymers such as pol yet hyl ene, poly- 10 propyl ene, thylene/propyl ene
copol yners, and poly- butyl enes; substiguted pol yol efi-ns, particularly
hal ogen- substituted pol yol efi ns such a polyvinyl chloride, pol- vinylidene
chl o(ide, polyvinylidege fluorjde, Teflon*, 100 (g pol ytetrafl ugropethyl ene
manuf act ur ed byPBUPBAR PtE?Q'EHQQFI#ﬁ?ﬁfalﬁoBS%%ﬁgF Ytié?@ﬁ FRtdyl ene

of totral L%?%é%’ﬁ%?g% ! %ﬁlﬁhpméﬁﬂﬁfaﬁéﬁﬁ%%l%%?%{ﬂm&mhp?ééﬁlﬁf?fgéivgg r
DuPont), Tef zel* _, |
fl ESF bt eﬁgﬁﬁéésfiﬁa%%r%%ﬁﬁ% %ﬁ%ﬁ?%n‘é%ag%ﬁﬁ Q?Q%E%T%r of
ol yestor o, paPFFEAPER SHEL SR CTERT yEGF of RBHPTRe A Rtlomela Sy atix
o T ot anct byl Bk I8E, B3 B P IR O ¥ ok bTRLY SRR OF hvdOl Y-
manuf act ured by DuPADl) o138 ALK SENE0EE o5, Trade Mark . -

Polymeric material suitable for use as the polymeric
matrix may include-resins comprising, for example, pdly—
oléfins and ol=fin copolymera'such as polyéthylene. poly-

10 propylene, éthylene/propylene copclymers, and poly-
'butylenes: substituted polyeclefins, pqrticularly halogen-
substituted polyolefins such a polyvinyl chloride, poly4
vinylidene chloride, polyvinylidene fluoride, Teflon*.loo
(a polytetrafluorocethylene manufacitnred by DuPont),

15 Teflon FEP (a copolymer of tetrafluorocethylene and nexa-
fluoro-propylene manufactured by DuPont) Teflén PFA (a
éoéolymer of tetrafluoroczsthylene and peffluoroalkoxy
moieties manufactured by DuPont),.Tefzel*-(a terpolymer
of_eﬁhylene; tetrafiuorcethylene and a fluorinated mono-

20 mer manufactured by DuFont), and Halar*.(a ccpolymer of
ethylene and chlorotrifluaroethylene manufactured by
Allied Chemicals); polyesters, particuiarly segmented
copolyester polymérs such as Hytrel* (segmented polyether
ester copqiymer derived from terephthalic acid, poly-

25 tetramethylene ether glycol and l.4-butanédi¢l manufac-
turediol manufactured by Duﬁont): and polyﬁ?ethanes.

* Trade Mark



: ' "
- O her suitable polyneric materials for use as the polynmeric matrix include
el'astomers conprising, for exanple, copolyners of dienes with olefinically...
unsai.ur at ed nononers such as et hyl ene/ propyl ene/ non- conj ugat ed di ene oo
tery; ners, styrene/ butadiene pod#ners, butyl rubbers and copol yners of

8% Wi th unsaturated polar nononers such as acrylonitrile, nethyl
met hacryl ate, ethyl acrylate, vinyl pyridine and nmethyl vinyl ketone; )
hal cyeheeorhai $ablecbadivanes s csmeitersi £hE0ERR e PALY EBES PG THEPDE Y MENS,
for exanpl e chloroprene,. chlorinated polyethylene, chlorosul phonated
pol wesBykene :afThh¥kt @S sReeky Bin@f ¥k Ay | done dkanpide HubdmMAéLHOr O-
propyl ene manufacture by DuPont); copolymers of olefins with olefinically
Unsag ar aliesh 25 1RE EhS g%@fnfbaﬁ vastasﬁﬂ'f.%@eh#?%ézﬁc‘gﬁrﬁ 49! yrers,

y et

et hyl ene/acrylic acid ester copolyners such as et ene hyl  acryl ate and

Varmas 0¥ R R PRATRAS AemORER SRS a%?ﬁﬁeﬁf%%%@%ﬁgﬁizﬁﬁgﬁ

ool yRaEdEIeY, %%%ﬁsw "By FHEREES, i%‘*?}"ﬁ’é?‘@%%% §r?§§iy%’§%i but yl

gg{y-"lorg?ﬁb§| oxanes, i : y1siToxane ,SI I r A i * id T e:u]icindaS
R EE AL TR WS 10 8 Biiaf gt hRer” ael Ry FORSREE,

3o e EPO wethRBRTad o RRBVE FEar1bTR e Bl E AU e AR, o O

POl Y L AN SR n F TR L P oh S 1 B h A0 SR M UM L 0o MO0 Ssuch as

chicroprene pdymrs and éopolymers.fcr ezample ’chloroprene,'

chlorinated polyethylene,  chlorosulphczated polyethylene and
Viton*(a'copclymer of vinylidene fluozide.ana hexafluoro-
propylene manufactpré,by DuPont); copolymers of oleliins with
olefinically unsatﬁrated esters such as elastomeric ethylene/
vinyl acetate polymers, ethyiene/acrylic acid ester copolymers
such as ethylene/ethyl acrylate and methacrylate copdlyme:s
amd particularly ethylene/acrylic rubbers such as Vamac*(a
terpolymer of ethylene, methyvl acrylate and & curesite
monomer manufacuted by Du Pont); acrylic rubbers such as
polyvethyl acrylate, polybutyl acrylate, butyl acryléte/
ethyl acrylate copolymers, ané buiyl a;fylate/glyciéyl
methacrylate copolymers, silicone elastcmers such as poly-
éiorgancsiloxanes, &imeﬁhYlsilcxanes, :ethylﬁinylsiléxanes
and méthylphehyiéiloxanes, fluorosiliccnes for example those
derived from 3}3,3—t:ifluoro§ropyl silcxéhé and carborane
siloxanes; eiasﬁcme:s polyurethanes; and polyethers such as
epichlorhydrin rubbers.

* Trade Mark



al so be used. Particularly good results bave been obtai ned using
pol yol efins, ol efin copolyners and bl en§ys of ol efin polymers. The
i mSul ating inner layer is desirably, t hough not essentially, formed from
subst anBlainds t edckheesibovuat menti pneferdiEstonersr ank mestmermnay. a1
"non-tracking" there is neant a-material which is resistant to the

f orfat i e aise@ndr Paixsicelekdyacrons, relsadihs caave beeducbai negdoustingon
its Surface under the influence of hi gh el ectrical voltages. Suitable
di-schar golyoléfins,r aslefint cogelymerso@md bhendst bof olafkingpblimers.
are described in British Patent Nos. 1,041,503; 1, 240,403, 1, 303,432 and
1,337,951 the disclosures of which are incorprated herein by reference.
Preferably the insulating inner |layer has a dielectric constant of from 2

to 6 andtie VOh8UR AN ixhey Aawér| easdekiiabbypf ehadigh aiot casteh@lally,
ohm cm The conductive outer |ayer may conprise a woven or stranded netal
brai d buteifie@r ekl Ysabkdwei: D41 ByPeredX i¥esBEtbnthaWnd presadublive
filler dispersed therein in which case the enclosure may further conprise a
woven Orpghiandest iTR} ahabe2iiG 0S| B{onadralRcti ckiggeORtidrid VEs Onbaht! aver.

The polyneric matri X nmay conprise any of the polyneric materials
material which is resistant to the formation of dendritic,.

+ Trade Mark Bl ends of the above mentioned el astorrers and resins ma

.

carbonaceous, electrically conducting deposits on its surface
under the influence of high electrical voltages.. Suitable
discharge and track resistant material comprising anti-
-raéking'fillers are describe& in British Patent Nos. 1,041,503;
1,240,403, 1,303,432 and 1,337,951 the aisclosures of which

are incorprated herein by reference.

'Preferably the insulating inner layer has a dielectric .
constant of from 2 to 6 and a volume resistivity of at least

1010, preferably at least 10!2 ohm cm.

- The ccnducﬁive ouﬁer layer may.comprisé a ﬁoven 6r'stranded
metal braid but is preferably a layer of a polymeric matrix
having é conductive filler dispersed therein in whiéh_case
the enclosufe may further.comprise é woven or stranded metal
braid positioned about the bonductive outer'laye:. . The
polymeric métrix may_comp:ise any of the polymeric materials

listed previously, or a mixture of such materials, and the



listed previously, or a nmixture of such materials, and the  conductive
'ng may conprise netal particles or a conductive carbon black. Suitable
(oF: bl acks nay be chosen from anong those currently comercially ;J

avai l abl e, for exanple, types HAP, SRF, EPC, FEF and ECF. Parti- 5 cularly
good results have been achieved using,an elec- trically conductive
pol ynmeric conposition as described in British Patent No. 1,294,665, the

di scl osure-of which is jncorporated herein by reference._ The conductive S
outer | ayer CRRENSEAHYS fdhdR¥ SBAY CORPTA S MRkl Ranbighesi o4l arly 10 t6
20 e.g., 15 to 17, .parts by wejght of the cgonductive filler, based on the.

t ot al meighFoﬁﬁuFﬁéﬁﬁﬂﬁﬁﬁﬁ§% gfkx afyitabls |qaxborhalagkaumayy®eout er

| ayer prefergbly has a resistance of |ess than 5 x 104, ohm cm and_nost

pref erabl y FBOSeIs Lol RPIhEReRe FHETERGIS: Gdnerciablyr avaidabd®ent i on

may be forned by urging the pro tiye_sleeve into conformng_engage- nent
with the cggPE F&ﬁﬁ%%ﬁ't # be BFCot E&Fe ANBECH T oPRF R~

croagerent LoyIEall de HORSLLY B3 BoeILeal Lp (olone gpely he
obtained by, {Ea43¢ YoraddERVE bOFImERTR e A AL CadbclERia
in British Patent No. 1,294,665,-the-disclésure of which
is incorporated herein by reference. The conductive
outer layer pfeferably comprises from 10 to 70 more
10 particularly 10 to 20 e.g., 15 to 17, parts by weight
of the conductive filler, based on the total weight

of the polymeric matrix and the filler.

The conductive outer layer preferably has a resistance
of less than 5 x 104 ohm cm, and most preferably less

15 than 100 ohm cm.

The enclosures of the present invention may be formed
by urging the protective sleeve into conforming engage-
ment with the cable joint or termination to be protected,
By conforming enéagement is méant the property of é
20 material to follow closely the contours of én underlyiﬁg..
substrate, SuCh'cohformihg engagement may be obtained
by the use of a sieeve that comprises elastcmeric or hea£
recoverable materials, or both. In order to eliminate
the possibility of undesirable voids between the sleeve
25 and the surface of the termination or joint, the surface
thereof and/or the inner surface of the tube may be

coated with an appropriaté



- ‘ .
recoverable materials, or both. In order to elinmnate the possibility of ~
undesi rabl e voi ds between the sl eeve 25 and the surface of the term nati@G®#Zs
ot joint, the surface thereof and/or the inner surface of the tube may be™ -
coated with an appropriate void fille uch a a grease or heat activated
adhesi ve, sealant or mastic. In one enbodfnent an el astoneric tubul ar

article my be "held-out” in a stretched state by an inner or 5 out er
hol - put menmber vatiice if icddretbesuainov edl grediss- opl heed, adtdvaltastic stresses

rel eased thereby urging the tubular article. to recover into conformng
engagenent wi t hadhesdiveot reeallantppe¥ srasticn a further enbodi ment the

tubular article nmay be bonded 10 to the hol d-out nenber and the bond

weakened, for exanple by solvent or nechanical treatnent, to permt
recovery. Prefef&IORe [fRRSEMen 20| by st pRegic fybudagodaitisile My cl e,

Usual Iy these aftichey ;  repover, on heatlnoy Lowards an original shape
5 outer hold-out member which can be removed or ‘dis-
placed{ the elastic stresses released thereby urging
the tubulér article to recover inﬁo conforming
engagément with the electrical apparatus. In_a
further embodiment the tubular articlé'may be bonded
10 to the hold-ocut member and the bénd weakened, for

example by solvent or mechanical treatment, to permit

recovery.

Preferably, however, the sleeve is a heat—recoverable

article, Usually these articles



- have ‘previ ously been deforned “but the term"heat- recoverablet' as v’
dﬁd herein al so includes an articlegwhich on heating, adopts a new L
iguration, even if it has not previously been deforned. In their nost <!

commssccwefn, ovheatihgl ez meapiEsen olyRElC SHE®E | 8kofXlidH ng the
property of elastic or plastic nenory as described foor exanple, in US

Pat efie¥, R2vedptedifB8811 bt Sefoimb@, bLR etlertaki shagt-as
described, for "exanple in British Patent s 1,434,719 and 1, 440,524, an

el axter®yeeamiEera s Subedd Harei it balsdiethel dke Hyam £2£984 TR ch W ch”
upon heating, weakens and thus allows the el astomeric nenber ‘t 0 recover.

The ol skeaeunes, dasdpese aSR?é‘xbbeﬁE'i%%ﬂfoh”C%m af £ds hepald v

reference. Th€ insulating inner layer and the c trve outer Iayer may

b may be
eacfbﬁéviaa@a?%ydag&rﬁ{&eoveﬁ Sheth fpSiaidn okl S T

el astoneric ovided that t sl eeve as oIe e. In

For 4FELSLEaCdlbi Seb1S, WO REr AL We‘* L0 S LRG0 CEhE, BRI PPRCC
Presft od BLedd Uk Calakkideshdndrhe o Q&gﬁg fgé;g%ga@ﬁitgdzt@a%gl ly

uni f orm cross- SEC ong 1ts entire eng e or

|LedUcERO Ao e o NeraEY e e Rckenl 2 10 BenRLodlis e,
" as described, for example in Brltlsh Patents l 434,719 and
1,440,524, an elastomeric member is held in a stretched
state by a second member,.which upon hegting, weakens_and
thus allows the elastomeric member to recover. The disciosures
of these specifications are incorporated herein by reference.
The insulating innér layer'and the conductive outer layer -
may each be independently heat recoverable, or one or both

of the layérs may be elastomeric, provided that the sleeve

"as a whole is heat recoverable.

In contradistinction to the tubular articles which have
hithertoc been proposed for the protection of c#ble terminations
and splices, the enclosure of the present invention can if
desired@ be formed so as to have a substantially uniform

~ cross—section along its entire length, at least in the
stable or freely recovered state, |
thus enabling the enclcsure to be produced ﬁy relatively

inexpensive extrusion methods. This is a considerable



advant age over prior art designs which frequently require sophisticated éagl'
nmoul di ng operations. However,the preferred nmethod of production is by <
mul,tiple extrusion of the layers, followsd if necessary by treatment to 5
render the extruded product recoverable.7 This treat- nment may involve, for
exanpl e, cross-linking by ionis- ing radiation or by chem cal cross-Ilinking
agents, foll onadvantagearsieon pXior ectpdesigasnghdichf Ereatueritigas pressure
or g mandrel. 10 The stress grading i nnernost resistive |ayer and the con-
ductive outer regeuirer @opidistierhtied mouwhdibhgcoperaltiomst.actowevensthaft er
the enclosure is conformngly engaged with the electrical cable term nation
or joint, and phefermedoamedhud\afll gryoductppnopsi byemudifipde axtorudion of
the ends of the enclosure or by the provision of means for naking

el ectrical conefictheelwyers.hfdldared if enecesabryohyadeladmersn ttde
stress grading innernost |ayer and the conductive outer |ayer may be direct
or indirech. 2vegderhtbentextyuded produttctieqoverabirs cIbiis thyredtmati on
or joint by connecting the conducting outer |ayer of the enclosure to the
shield or shi emgst mAYoAdgaiolve c finte@xampleut erogsndinking by donis+ he
shield or shields indirect electrical contact may be provided by conductive
25 menbers whi $Rgf Faddatden m@xbfchq@%ﬂee%svsaaéhnﬂcémeagents.

followed by expansion, for example, using differential

gas pressure or a mandrel.

10 The stress grading innermost resistive layer and the con-
ductive outer layer are required to be in electrical
contact at least after the enclosure is conformingly
engaged-ﬁith the electrical-cabie termination or joint,
and this may be achieved by an appropriate configuration

15 of the ends of the enclosure or by the provision of
means for making electrical contact betﬁeén the layers.
Electrical éontact between the stress grading innermoét
layer and the conductive outer layer may_be direct or

indirect. .

20 Eartﬁ continuity is provided across the cable terminaticn '
or joint by connecting the conducting outer layer of the
enclosure to the shield or shields. 1In order to connect
the outer conducting layer to the shield or shields
indirect electrical contact may be provided by conductive

25 members which fiﬁ on the ends of the sleeve; ‘Such members
can, for example, be metal-straps;or moulded parts formed
from conductive polymeric materials, which may, if

desired, be heat-recoverable,



for exanple, be nmetal straps,or noulded parts fornmed from conductive
neric materials, which may, if desired, be heat-recoverable. 10 N
El ectrical contact may instead be provided by wapping a . nmetal braid ‘;
helically around the conductive outer ayer and connecting the end or ends
to the shield(s) for exanple by sol dd ng. 5 The noul ded parts may, for
exanpl e, be annul ar nenbers having grooved faces adapted to fit over the

ds of th , { dod. . Wi a_int |
Coting of SYSSLPINAY AMLAEY fi6y2ThUEA ve MEdYed iy ek doBlnl BT AL,

envi r onment gl maﬁs&e%taa%ra b a‘f’%éfp?%\??géﬁﬂh (=) %’gﬁi&i?&'&fv '\@%Eéi" ly where

t he noul ded part 1s -enpl oye e electric cont act, n any

internal cophi,ag 3hased £fn '@ﬁér%ﬁal by eAREIGd V‘ﬁ‘e'f‘g %Tﬁ% ?ugjeous to

ci rcunst ances; as previously nehtioned, it may 15 be foun

provi de thergpaggapii1aray s ddriggposed el ectrical conductor, for exanple'

the region surrounding the crinped Central conductors of a cable joint, .
and/ or the space adjacent to the end of the shield, with a void-filling

nmateri ay i nTAEIAbUlAed parts may, for example, be annular members
‘having grooved faces adapted to fit over the ends of
-the enclosure, and may advantagequsly be pro#ided with
an internal coating of a sealant, for example a mastic
or hot melt adhesive, to give environmental protectioh
10 to the ends-of the enclosure. Naturally where the
moulded part is empléyed to provide électrical contact,

then any internal coating of sealant is electrically

conductive,

ih sdﬁe cifcﬁmstances, és previously mentioned,it may

15 be fdund advantageous ﬁo'provide the space adjacent to
the exposed electrical conduétor, for example the region

| surrounding the crimped central condﬁctors of a cable

joint, and/or the space.adjacent to the end of the
shield, with a void-filling material in order to

20 minimize the possibility of breakdown due to ionization
of air in any voids. Such a material may be a grease,
for example a silicone grease, a mastic or a hot melt
adhesive. The void filling material méy have electric-
ally insulating, conductive or semi-conductive proper-

25 ties although, where it has semi-conductive properties,
it does not in general exhibit a significant stress

grading effect since it is generally applied in



20 mi ni-m ze the possibility of breakdown due to ionization of air in a
voids. Such a material may be a grease, for exanple a silicone grease

stic or a hot nelt adhesive. The void filling material may have electric- °
ally insulating, conductive or sem - condpftive proper- 25 ties although,
where it has seni-conductive properties t does not in general exhibit a
Si gnl ficant stress grading effect since it is generally applied in
| ocqli zed areakocAlpzetd arewd y Aipabticubadilfi shikahlst ardiad-fisl Hsgri bed
and claimed in German O fenl egungsschrift No. 2,748,371 the disclosure
of which is |rmatpmaﬂ.edsheiesaarﬁgedemdequmeﬁemnﬁema@h may find
application in the termnation and splicing of high voltage cabl es
operating at voffendggungsstirifs NG .add748ed7hi gher ddsglagune 40 kv, 5
or 72 kV in sone cases. The stress grading material may have el ectri cal
i npedance characteristics which are wholly resistive or partly capacitative
Preferably the stress grading inner layer is sem - conductive and conprises
‘a polyneric matri x having : '



. 10 . dispersed therein a conductive filler, and especially carbon bl ack. g
abl e polyneric materials and carbon bl acks for use in the polyneric 5
x include those listed previously. The anmount of carbon black in the JJ
ess grading materials will depend vﬁLsone 15 extent on the type of '
bl ack used and the polymer matrix, but preferably the material conprises

from s 10 150 Dant snby cnelnglir ool £ALPORE BL 8Ky PELFLOLRAI! S by el gt of

resin. Alternative ere na e Stress grading 20 innernost, .
| ayer a conposition having non-linear elec- trical resistive

char act eri stTe, 1pyengigppravadingd arpl beatianpint the peravina ten

1,470, 501, 470, 502, .1, 47 Q3.and 1,470,504, the disclosures of which are
|ncorporateda%%r§P51S§n9eP% gﬁ&? Ytk Qﬁx???i?ﬁeoEsrBGFﬁﬁeP¢cVWHfEr|als

cos g oo e WEeCh S B9 S AR T e AP L
1,926, SO0 | or 108, B4 58 oBARCADAATE S 4L ANEL BESHELAPILNR S SPeCl
10[err] Ohmﬁ%@lﬁﬁésgiggtﬁﬁcgl impedance characteristics which
| are wholly resistive or partly capacitative
Preférably the stress grading inner layer is semi-
conductive and éomprises a polymeric matrix having
10 disperéed therein a conductive filler, and especially
carbon black. Suitable polymeric-materials and
carbon blacks fof use in the polymeric matrix include
those listed previously. The amount of carbon black
in the stress grading materials will depend to some
15 extent on the type of black used and the polymer .
matrix, but preferably the matefial comprises from 5
to 150.parts by weight -of carbon black, per 100 parts

by weight of resin.,

Alternatively there may be used as the stress grading

20 innermost layer a composition having non-linear elec-
trical resistive characteristics, for example as des-
cribed in British Patents Nos. 1,470,501, 1,470,502,
1,470,503 and 1,470,504, the disclosures of which.a:e
incorporated herein by reference. 1In place of the

25 polymeric materials listed previously, the streés
grading innermost layer may comprise a fluid coating
such as a mastic, for example as described in British

- Patent No., 1,526,397,



-~y

-Trequency of 50 Hz. The stress grading Iaye'r used in 5 the cl osure @'/
to

advant ageously has a D. C .resistivity in 10 11 the range of 10
10, ohmcm Since the resistive stress grading |layer extends fromthe
exposed conductor. to the or each shield Mjen the protective sleeve is
installed the stress grading 10 | ayer extends al ong substantially the

entire length ahd rdeevgrading, ihhebadsheanyieauptdfwiably ittapossi bl e
thereby to dispense with other forns of stress grading s q$ as stress
gradi ng cones, spdciing impedahceeinl ehee rangee 10T rexl lb';l‘ edlah i o) y

I nexpen- 15 sive extrusion nethods. Thg relative thickness of the

i nsul ating i nnéfrod apeampls ¢heseohdutOi vehimayer, meeeuwred |dt e dictated to
sonme extent by the required electrical properties of the enclosure; but in
general the i nfidemuensy ay®rS5QiEZ. haThe28txeslsi gnasinoflayemused I5 nm
preferably from3 to 10 nm and the conductive layer will have a thjickness
of from 0.5 tothemgloguferadyyntageresiy Bagma Br.efCor ASAStHEL &Y elVe

overl aps the cable shield by apganountiat | east equal to the thickness of
the insul ati ngt® 33Rgs of AQfert®I 0 t hehBEM.ap is from2.5 to 6 tines
the thickness of the insulating layer. In the majority of cases, no

significant furgiheie i4AY Q¢eiPtivel Sstress grading layer extends from
the exposed conductor to the or each shield when the
protective sleeve is installed the stress grading

10 layer extends along substantially the entire length

of the sleeve, Also, it has been found that it is
possible thereby to dispense with other forms of
stress grading such as stress grading cones, allowing
the entire.sleeve to be formed by relatively inexpen-

15 sive extrusion methods,

The relative thickness of the insulating inner layer

and the conductive layer Yayer will be dictated to

some extent:by the required electrical properties of the

enclosure, but in general the insulating layer will have
20 a thickness of from 2 to 15 mm, preferably from 3 to 10

mm, and the conductive layer will have a thickness of

from 0.5 to 5 mm, preferably from 1 to 3 mm.

Prefefably. the sleeve overlaps the cable shield by an

amount at least equal to the thickness of the insulating
25 1layer. Preferably, the overlap is from 2.5 to 6 times

the thickness of the insulating layer. In the majority

of cases, no significant further improvement is



-obt.ai ned by using an overl ap in excess of 3 tines the thickness of the

| a The thickness of the innernost stress grading layer will be dictated . .
to extent by the required 5 el ectrical properties of the enclosure,
b general the innernost |ayer mnVﬁ#have a thickness of from0.51to 4.0

referably the stress grading | ayer extends for atleast 75% of the

| ength of theldadmes by weingi ancovedilapntisn tehedds sif e3stimasi hhel ayer
extends for the full length of the sl eeve. Desirably at |east that
‘portion of tlkdisikamas of conerlavey.the stress gr adi ng | ayer shoul d be of
substantially uniformcross-section along its length in the stable or

freely recovared wilitheddiabs Lone! Snh@rhdke e ddy Igridderdpigkness of

the layers is substantially constant al ong the engt of t e s ress grading

llayer and theiganesalgiondtdaresi 88mafl ebdtant’ @6 wtﬁ&%\xiﬁeéubstantlally
unchanged. In nost cases the stress grading |ayer wll centrally dis- 20
posed al gng hedtaigidl Propere0e5068r eheTbadlvsiitid Obuts it | gshenatd by
the foll owi ng exanple. Reference is nade to the acconpanying drawi ngs in
whi ch the sohheFm;nermdstiB&yérowallehavetaomhﬁbkneﬂs&n&afmmmrdLﬁg to the
i nvention in position on a cable.

to 4.0 mm,

Preferably the stress grading layer extends for atleast
-75% of the length of the sleeve, In certain embodimentsthé-
10 stress grading layer extends for the full length of the
sleeve. Desirably at least that portion of the
sleeve comprising the stress grading layer'éhould
be of substantially uniform cross-section along its
length in the stable or freely recovered stateﬁithat
15 is to say, the ratio of the-thicknesslof the layers
is substantially constant along the length of the
stress grading layer and the general configuration of
the cross-section is substantially unchanged. In most
cases the stress grading layér will be centrally dis-

20 posed along the length of the enclosure,

The invention is illustrated by the following example.
Reference is made to the accompanying drawings in.which
the sole Figure is a sectional elevation of a sleeve"

according to the invention in position on a cable.



% .

EXAMPLE A heat-recoverabl e coextruded tubular 5 - 8 kv joint enclosure asg=
shown in the Figure conprised a radially outernost |ayer 51 conpri sing
gonductive high carbon 5 | oaded pol yethylene, a radially internediate =,
| ayer 52 conprising insulated nodified polyethylene and a radially
I nnernost | ayer 53 conprising a stressqg adi ng | ayer. The tube was rendered
heat shrinkable by el ectron beamradi ati on cross-1inking and expansi on
und@p_heat to an 10 expansion ratiopxiaMpriE 1. In the fully recovered con-
dition, the wall thicknesses for the various |layers were 1 mmfor the

conductive ouehdalyrecdverable tbexitriided itighulder sedi 8t Ryl gpghtand | nm
for the inner stress-grading layer. The conductive |layer had a 15 specific

resi stance of en¥¥bsiwe cas shewnninl ahenFilqums 13cbmPrisedl aneaddaildlyi vity
of 5 x 10 ohm cm and the stress-grading |ayer a specific resistance of 10
ohmcm A 5 - chttermosti bayeabb2 promptisding remedwstbyechighi egarbaa central
conductors of a cable and cutting back the 20 cable screen 55 on each
side of tife crliogdddrpalyethylenee af réadimllkhecimtermedilatei hayeg &icl osure
was positioned over the joint and shrunk down by heating
comprising insulated modified polyethylene and a radially
innermost layer 53 comprising a stress-~grading layer.
The tube was rendered heat shrinkable by electron bsam
radiation cross-linking anq expansion under heat to an
10 expansion ratio of 3.5:1, In the fully recovered con-
dition, the wall thicknesses for the various layers
were 1 mm for the cenductive outer layer, 5 mm for the
insulating intermediate layer and 1 mm for the inner
stress-grading layer. The conductive layer had a
15 specific resistance of 1000 ohm cm, the insulating layer
had a volume resistivity of 5 x 1013 ohm cm and the

11

stress—-grading layer a specific resistance of 107 ohm cm,

A 5 - 8 kv in-line cable joint was prepared by érimping

the central conductors of a cable and cutting back the
20 cable screen 55 on each side of the crimp for a dis-

tance of 6 cm. The expanded jointing enclosure was -

positioned over the joint and shrunk down by heating

such that the recovered tubing conformed closely to

- the contours of the joint and was in contact with the

25 central conductors and the shields on either side of

the crimp with a 2% cm overlap onto each shield. The

outer layer 51 of the enclosure was then electrically



such that the recovered tubing confornmed closely to the contours of the ¢
O and was in contact with the 25 central conductors and the shields on *

r side of the crinp with a 2 cmoverlap onto each shield. The outer -\JK
of 51 of the enclosure was then electyically connected to the cable
screen 55 at each end of the enclosure means of wires 56 in order to

provi de earth continuity across the joint. The reader' s attention is

S G55 )T Y A RedPs QIR (PR O,

subj ect - mat t ef, siel Al.q ?%\? ﬁ?éﬁsogft Uﬁr@se%‘tlﬁ"%déﬁt{ﬂ” rovife?idirth A

pr ot ective sleeve sul or appl Ication over a ca rm nati on or

splice, whi ch g QHB&h§§§yaaéf8§EStﬁ§a iinecoverabl e extruded tubular article

5 having an SCAner no stress gradi g resistive layer, an insulating inner

ayer and a conduiydCrodige: LakEeriRiP! ik (dorddeeliatbNBulravibeiEiy
substantially uniform thi ckness-along its entire length
5 Applications Nos. 79.31976 (Serial No. 2,036, 460) and
82.32824 (Serial No. )'thch“describe and’ claim

‘subject-matter related to that of the present applicatiocn.



2. Asleeve as clainmed in claim 1, which is‘lQmﬁQgt-recoverable. 3. A
Sleeve as clainmed in claiml or claim2, which has been pro y
Co;extrusion of the specified layers. 4. A net h(ﬁl'm’mi y cabl _
termnation 15 or splice which conprises;¥gcoverli mmﬂalfl ai Mmed~is |
~any one of clains 1 to 3 over the splice( 5. A proté&ctbkd Eabie % ermination
or- splice made by the nmethod of claim4. 6. A sleeve as claimed in claim1,
subdtantially 20 as deslerirmed i-n the exanple herein. 7. A sleeve as clai ned
in'claim1;, substantially. as described with reference to and as
illustrated by tha dr &ipuptddieivexsleevehewitabilie iy appbichebon

repr oduced by phot ocopyi ng the applicants original typescript. It may
contai n a fewomesndneralslevntetminatilohf oculspliice oddch dwmprigeaaa
typescri pt .contai ni ng these anmendnents nmay be inspected on the prem ses of
t he Patent O dimensionally recoverable extruded tubular article

5 having an innermost stress grading resistive layer, an
insulating inner layer and a conductive outer layer,
wherein the insulating layer has a substantially

~uniform wall thickness along its entire length.

2. A sleeve as claimed in claim 1, which is

10 heat-recoverable,

3. A sleeve as claimed in claim 1 or claim 2,
which has beén produced by co-éxtrusion of the
specified layers.

4. A method of protecting a cable termination

15 or splice which comprises recovering a sleeve as
claimed in any one of claims 1 to 3 over the splice,

5. A protected cabie termination or splice made
by the method of claim 4.

6. A sleeve as claimed in claim 1, substantially

20 as described in the example herein,

- 7. A sleeve as claimed in claim 1, substantially .
as described with reference to and as illustrated by
the drawing.

The text of the specification has been reproduced by photocopying the applicants original

typesc:i..pt. It may contain a few amemdments which are difficult to read. The original
typeacript containing these amendments may be inspected on the premises of the Patent Office



