. S\ l6gq
"Electrical cable ternination or joint" -2- This invention relates to
enclosures_for termina- tions and joints for electrical cables. Wien a 65
contiﬁuousfy shi el ded high voltage cable is term nated or spliced,. the
shield is renoved for such a 5 di stance fromthe term nation or splice
that el ectrical breakdown al ong the surfade=of the insulation fromthe
exposed conductor to the shield cannot occur. The renoval of the shield
calisés di scontinuity of the electrical field so that there is severe
electrical 10 stress at the end of the shield. In order to relieve this
stress and so prevent failure of the cable insula- tion in service, a
nunber of methods have been proposed to provide stress control by resistive
or capacitative effects, for exanple as described in U S. Patent 15 No.
3,396,.231, and British Patent No. 1,434,719, the disclosures of which are
i ncorporated herein by reference. According to the present invention there
is provided a shielded electrical cable termnation or a 20 joint between
two el ectrical cables wherein the or each cable is a shielded el ectrical
cabl e conprising a con- ' - - ’

"Electrical cable termination or joint"

s
Y



ductor, a dielectric layer which surrounds the conductor and which has been
ack to expose a length of the conductor, and an electrically

(J
ct ive shield which 25 surrounds the dielectric |ayer and which has *
.Reeq cut back to expose a length of the dielectric layer, the-cable being
‘termpated or the cables being joined ™ -3- within an enclosure conprising_,

a tubul ar protecti |4 riS LN r radi.ng | ayer -~
havi ng an at Ieas?ﬁggftl?’?é:nem S i%/%ﬂ'c a%g%: e?ﬁém §{é§§%n§-§’§i %Sq-%yr:"g%the ek
exposed condgﬁgﬁg AR tH W1&EPiSa1 £aBL&sShiel d, a conductive
outer |ayer electricall’y con- tacting the stress grading |ayer at said
overlap with the ghepagh il el déa REghatblgabdy @ariRalis
separates the stress grading |ayer and the conducfive layér in the region
bet ween sai dteyfihaRed®xt HIPGRBLUHD SWIELEt D5 rbalvdaBageUSLEN Bhe
i nsul ating | ayer overlaps the cable shield, preferably by an extent at
| east egfal 8fstantle Cronsthyf tdrminvetiampongspdiéeoshat eheckaieal The
~stress grading |ayer, the conductive |ayer and in 15 certai n enbodi nents
t he i nsul at i bgebk@ewnard condy silien -swyebase yobHf thei insulbbhiockn€semt khaughout
their |engths, _

J exposed conductor to the shield camnot occur. The

removal of the shield causes discontinuity of the
electrical field so that there is severe electrical

10 sﬁress at the end of the shield. 1In order to relieve
this stress and so prevent failure of the cable insula-
tion in service, a. number of methods have been proposed
to provide stress control by resistive or capacitative
effects, for example as described in U.S, Patent

15 No. 3,396,231, and British Patent No. 1,434,719, the
discloéures of which are incorporated herein by
reference, |

According to the present invention there is

provided a shielded electrical cable terminaﬁion or a

20 jéint between two electrical cables wherein the or each
cable is a shielded electrical cable comprising a con-
ductor, a dielectric layer which.surrounds the conductor
and which has been cut back to ekpose a length of the
conductor, and an electrically conductive shiéld which

25 surrounds the dielectric layer and.thch has been cut
back to expose a 1ength.of the dielectric layer, the

cable being terminated or the cables being joined



and #my be nmade by extrusion, advantageously by co- extrusion. In other
enbodi ments, however, the insula- ting layer forns a stress cone, having
uni f of m mi’hi num 20 thickness where it overlies the cable shield, a unifg
maxi-aum t hi ckness where it overlies the exposed conductor, and a tapering
t Rigkness in between. It will be appreciated that references to |ayers
overl appi ng do nedtisiresamrenylospry compatsihgt aeenbullar? prdteutrisze -4-
The™ nsul ating layer is preferably formed froma. material with appropriate
el ectrical propersliessre nodpki simgg daschangempesi stxess, grading ilawer, and
~high break- down strength and may conprise for exanple a polyneric 5 matrix
havi ng di sper sed hawimg ran fahebeastrpantly| resissiyev chamagtesd agick errtiend-
properties. Polyneric nmaterial suitable for use as the polymeric matrix may
i ncl ude resins cdme BN, therexnaapfccopBrGsPE! tAs c¥RT 1apetthe aXo/Admers”
such as pol yet hyl ene, 1Q pol ypropyl ene, et hyl ene/ propyl ene copagl yners, and
pol y- butyleﬁ%s;QQH%&iﬁh&%k&bo?y%?%@?ﬁﬁ}vﬁaPPFSEl&PB?rh&ﬁﬁﬁgﬁ;QQﬂiﬁiQQR%m

Do il ene R ‘Y s 87680 §PaalRyY DLy 62"%a1Y GVeliap with

the or each cable shield; and an insulating layer that
separates the stress grading layer and the conductive
layer in the region between said overlap and the exposed
10 conductor.
- Advantageously, the insulating layer overlaps the
" cable shield, preferably by an extent at least equal to
to thickness of the overlapping porticn of the layer.
The stress grading layer, the conductive layer and in
15 certain embodiments the insulating layer are advanta-
geously of uniform thickness throughout their lengths,
and may be made by extrusion, aévantageously by co-
extrusion. In other embodiments, however, the insula-
ting layer forms a stress cone, having a uniform minimum
20 thickness where it overlies the cable shield, a uniform
maximum thickness where it overlies the exposed conductor,
and a tapering thickness in between. |
‘It will be appreciated that references to layers
overlapping do not necessarily imply contact between the

25 layers.



{ a copol yner of tetrafl uoroethyl ene and hexaf | uoro-propyl ene
flactured by DuPont) Teflon PFA (a copol yner of tetrafl uoroethyl eme and
- pe uor oal koxy noi eti es manufactured by DuPont), Tefzel'* (a terpolyner of

et hyl ene, tetrafluoroethyl ene 20 ané a fd uori nated nononer manufactured by L}
DuPont) and Hal ar* (a copol yner of ethylene and chlorotrifluoro- ethylene .
manuf act ur edThe imsuddtihgnleyes) ispapreferably Boinéd| Bkdy segnent ed Nt
copol yester polyners such as Hytrel* (segnented polyether ester copol yner
derived 25 fhakerbabpwithl appaopeiate wlactanirtdly |mrepethibss ol yeDhdand
1, 4- but anedi ol manuf act ur ed by DuPont); and pol yurethanes. * Trade Mark
Ot her sui t abtR i gabargentesissprncksr Pesmidtitictynol ame rhbghebréak+ncl ude
el astoners conprising, for exanpl e, copolyners of dienes with olefinically
unsat ur at ed ‘?R}‘!‘?bn'ﬁ%egﬂ'éh 88doPRY EREPFLGS Ifar /axaATRlonja polyneitoe -
ter pol yners, st rqu/ but adi,ene pol yners, ,butyl rubbers and copol yners of

di enes W t h T rBRENG R BPREAGA thergin 4F nacasAAny i3 Lillerhy|

met hacryl at ethyl acyylate, yinyl .pyridine and nethyl vinyl ketone;
haIogen-conf%?ﬁ$ﬁ%ee?@é%ﬁﬁ%&segﬁS%r&E%& properties. :

Polymeric material suitable for use as the polymeric

Tn* 100 (a pol ytetrafl uoroethyl ene manufactured,by 15 DuPont), Teflon
E
Qnu

matrix may include resins comprising, for example,
polyolefins and olefin copolymers suéh as polyethylene,
10 polypropylene, ethylene/propylene copolymers, and poly-
butylenes; substituted polyolefins, particularly halogen-
substituted polyolefins such as polyvinyl chloride,
polyvinylidene chloride, polyvinylidene fluoride,
Teflon* 100 (a polytetrafluorocethylene manufactured by
15 DuPont), Teflon FEP (a copalymer of tetrafluorocethylene
and hexafluéroépropylene manufactured by DuPont)
Teflon PFA (a copolymer 6f tetrafluoroethylene and
perfluoroalkoxy moieties manufactured by DuPont),
Tefzel* (a terpolymer of ethylene, tetrafluoroethylene
20 an§ a fluorinated monomer manufactured by DuPont) and
| Halar* (a copolymer of ethylene and chlorotrifluoro-
ethylene manufagtﬁred by Allied'Chemicals)f polyesters,
particularly segmented copolyester polymers such as
Hytrel* (segmented polyether ester copolyme: derived
25 from terephthalic acid, polytetramefhylene ether glycol
and 1,4-butanediol manufactured by DuPont): and
polyurethanes.
* Trade Mark



chl oroprene pol yners and copol yners, fr exanpl e chl oroprene, chlorinateg
pol yet hyl.ene, chl or.osul phoat ed pol yethyl ene and Viton* (a copol yner of .
vi nyl t dene’ fl uofi de and hexaf | uoro- propyl ene.- manuf acture by DuPont); .
copotyners of olefins with olefinically unsaturated esters such as
ellgstoneric ethyl ene/ vinyl acetate polyners, ethylene/acrylic acid ester
(ﬁgﬁyners such as ethylene/ethyl acrylate and nethacryl ate copol yners and
partf cul aCthex hghbtebde palkymebber matexti ks Vionctise e e/ moslyheric
et hyl ene, nethyl acrylate and a curesite nononer nmanufacuted by Du Pont);

acrylic rmeirixsinglade@Elastohezsr poatprigingbufyr axapiplie, dopglymers
acryl ate/ .ethyl acryl ate copol yners, ‘and butyl acryl ate/glycidyl

met hacryl &t ¢benegnwith slefinitcaliyt anssturabedsmphlosters such as

di or ganosi | oxanes, di nethyl sil oxanes, nethylvinyl sil oxanes and

met hyl pherethyleneyfprpprylgnm,énbnecnngxfgatai(ménethe&pdlgmeml, fsﬁyrene/
3,3,3-trifluoropropyl siloxane and carborane sil oxanes; el astoners

poIyuretmhuxadéeﬂeppbmyMErs,sbnhyasrubh&tswémdrcepbubh@rs 5f1a£d@e§hrk
Bl ends of the above nentioned el astoners and resins nmay al so be used.

Parti cul amitlyonrnsaturated pel arcnonomndrs %hswgam@rﬁtﬁle plefin
copol yners and bl ends of ol efin polyners.

- methyl methacrylate, ethyl acrylate, vinyl pyridine and
methyl vinyl ketoﬁe; halogen-containing elastomers such as
chloroprene polymers and copdymers,far example “chloroprene,
chlorinated polyethylene,: chlorosulphcnated polyethylene and
Viton*(a copolvmer of vinylidene fluorﬂde and hexafluoro-
Propylene manufacture by DuPont); copolymers of olefins with

T olefinically unsaturated esters such as elastomeric ethylene/
vinyl_ecetaﬁe polymers, ethylene/acrylic'acid-eeter'copolymers
such as ethylene/ethyl acrylate ana methacrylate copolymers
lana particularly ethylene/acrylic rukbers such as Vamac™*(a
terpoclymer of ethylene, methyl acrylate and a curesite |
monomer ﬁaﬁufacuted by Du Pont); acrylic rubbers such as
polyethyl acrylate, polykutyl acrylate, butyl ac*y’ate/
ethyl acrylate copolymers, and butyl ac*ylate/glycldvl
methacrylate copolymers, silicone elastomers such as poly-
dlorganpsiloxanes} dime;hylsiloxanes, nethylvinylsiloxaﬂes
and methylphenylsiloxanes, fluorosiliccnes fdt_eﬁample those

. derived from 3,3,3-trif1uorepropyl siloxane and carborane
siloxanes; elastomers polyurethanes; aad folyethers such as
epichlorhydrin rubbers. | '

* Trade Mark



5 The insulating layer is desirably, though net essen- tially, formed
~~froma substantially track resistant, and preferably non-tracking nmaterial .
By "non-tracking" there is neant a material which is resistant to the ..
(:)fOrnation of dendritic, carbonaceous, electrically con- 10 ducting deposits
on its surface under the I nfl uence of hi gh el ectrical voltages. Suitabl®,
rdisscharge and track resistant nmat & i-al conprising anti-tracking fillerd®are
.described in British Patent Nos. 1,041,503, 1,240,403, 1,303,432 and :
1, 337, 95Blendsdofctbeunbove whm¢hame§:§1&stnm¢mneanﬂ besina dyyref erence.

Prefera
and a v

bly the insulating |layer has a dielectric constant of from2 to 6
o#ﬁﬂe besusefyi t Pasticulagdst gesi®mgsuikeihaediheen dkast 10[ err]

ohm cm The conductive outer |ayer may conprise a woven or 20 stranded
metal bréainedtupingr PPéYQBIefJ-@SI:aW-Ieme £oralyners and rblendsing a

conductive f|IIer dlsggrsed therein in which case the enclosure may further

com pri%k elefienpel :
| ayer. The polyneric matrix nmay 25 conprise any of the polyneric

out er

F&rded metal braid positioned about the conductive

et el b1 Sheth BLEHLOYRb Ly U AU atieh e gl gu 20 the T

10

15

20

25

'least 10

tially, formed from a substantially track resistant,

ahd preferably-nonétracking material. .By “non-tracking“
there is meant a méteriél which is resistant to the .
formation of dendritic) carhonaceous, electrically con-
ducting deposits'oh its surfacé under the influence of
high electrical voltages. Suitable discharge and track .
resistant material comprising anti-tracking fillers are
described in British Patent Nos. 1,041,503, 1,240,403,
1,303,432 and 1,337,951 the disclosuresof which are

incorporated herein by reference.

Preferably the inéulating layer has a dielectric
.ccnstant of from 2 to 6 and a ﬁblume resistivity of at

10' preferably at least 1012 ohm cm,

The conductive 6ute: layer may comprise a woven or
sﬁranded metal braid but is preferably a layer of a
pdlymeric matrix having a conductive filler dispersed
therein in which éase the enclosure may further com-
prise a woven or stranded metal ‘braid positloned about
the conductlve outer layer, The polymeric matrix may
comprise any of the polymeric materials listed

previously, or a mixture of such materials, and the



conductlve filler may conprise netal particles or a conductive carbon @
bl ack. Suitable carbon bl acks may be cho%en from anong those currently

commef cicddquaraiealdl1ée" me: rHBrﬁ‘pri Bty ﬁRFt:LEE 'l?ogﬁctzve

Particularly good results havé been ac | eved USi an e ectrl cal

copduct et Bhy RRlck COMBAE O AatlbBh MiubiL xgégtbah cﬁby refgﬁggﬁce The

1 gnc??iﬁ‘o;;?g:js%/%suggggﬁvm:g/hﬁhs [ Ecorpor erein i oy
éLget ;)OtZO e.g- 15 to 17u parts lroy ‘\:Ne Qﬁ? %?'ap;he CO%%%.E?I :@?ﬁ%%lééd on
out er I?ﬁ%?%atﬁﬁﬁggbgn?es#&s%ée (g?n ?g%%uggflyo% “ﬁr&
Mvent aiEvayPBett FuTeRsd Bt C%% BB R T oo adm%pieﬁimimﬁgic
cont or mAgnEREA5Ee ¥ 3&%%#%% IPoRErb s Bafert, &r 2 S5 Rl osely
obt ai nedtlp eRecAbAYe of MR TLE L BroRrars Srhharbin B FRBprence.
Lﬁéé’!ﬂi@es TR oot “a&%rﬁ‘%?ef{wiiwf%%éﬁa @ﬁ%"ric'm?{iéi B or
chg?tea V\f@hﬁ?ﬁfegce theqr:gif nd/o }:gezbnneer s%gace ]‘7't geaéttusbebga%egght

of the conductive filler, based on the total weight of the |

polymer:.c matrix and the filler.

The conductive outer layer preferably has a res;stance of
less than 5 x 10 ohm cm, and most pre;erably less than 1oo
obm cm. .
The- enclosures of the presgnt invénticm.ﬁay'be formed by
urging thé.proteétive sleeve into cbnfo:ming engagement with
the cable joint.or.ﬁermination'to be protected. By conforming
engagement is meént the property of a ﬁateriallto follow: j.ﬁ*
closely the coﬂtours of an underlying substrate,' Suéh
conforming engagement may bé'obtﬁined by the use of a sleeve
that comprises elastomeric'pr ﬁeﬁt recoverablé materials, orl

. both. 1In order to eliminate the possibility of undesirabie
voids between thé sleeve ahd the surface of ‘the termination or
joint, the surface thereof and/or the inner sﬁrface'qf the

tube may be coated with an appropriate



”~ .

\'/oi d filler such as a grease or heat activated, adhesi ve, seal.ant or
@sif c. The enclosure may, if degired be forned in situ by, bri-nging
successive tubular |ayers sequefitPalfly into conform ng engagengEnt with the

cable_t ' ion or.oint. Lam nates qf the tu ulqy | ayers may al so be ,f
aed VoM T TLSReSBEH BT dhi SREBGRNER PRAE BREITSHd AARRTLES: a unitary
t ubul ar_.art.i cle having an j.nhsul atin inner'laye; and a conductive qutéer =~ > .
| ayeFeada it h%:a%ﬁa‘&%fe ( hﬁoﬁ%?%ﬁ%fﬁzss%nd%ﬁ%rb? afeFmefln thj s ™

speci.fication dogs . not, include a structyre forped in situ by helically

wi noiy 5288 Y BEiRging BUEFeBsl AP HaT! IANRES FaTUeRtialaVast omer ¢
it mgy_be urged into conform ng engagenent with the electrical apparatus by
i npRPESL SARECFRIDG FNTASEREHE, MAHD 4 GEble HETERARIGR { 9T b OLRE-
artiﬁ%ﬁgﬁgabling it .to %ﬁgiorn1ﬁlosel to the contours thereof. In another
embodffERates efa YRULBBULAY SRS RAY #aFObbe maed 0and; niB stret ched
state by an pnner _or utaﬁéhold+out'nenber'mhich can be renoved or - '
di spPREPTEHRTILHs EMOA]iNeREs tHeARGlesurengonnFiRes R vObBRAY article
to recover into Qgsrornin engagenent. with the electrical apparatus. In a
stil [ 3% r2EhhGdiSRVIRG Enbdnsulating cinperpdaxericandoat he hol d- out

menber and the bond weakened, for exanple by solvent or nechani cal
treapﬁgﬁqctlve outer layer. For the avoidance of doubt, the

expression "tubular layer” in tpis specification aoes_not
_include a structure formed'ig_é;gg;by&helicéliy:windipgga tape
around a substrate. |
Where the tubular article is elastomeric it may be urged
into coﬁformihg engagement with the electrical apparatus by
simply gushihg it onto the electrical apparatus, the elasticity
of the article enébling it to conform closely to the contours
therecf. In another eﬁbodiment the elastomeric tubular
artiéle may be "held-out" in a stretched state by an inner
or outer hold~-out mémber which can.be removed or displaced,
.the elastic stresses released_ihereby tzging the tgbﬁlar
article to recover into conforming engacement with the
electrical apﬁarétus. In a still further embodiment the
tubular article may be bonded to the hold-out member and the
bond weakenea, fdr example by éolvent o:'mechanical treatment,
to permit recovery. - "
Advantagééusly, however, the enclosure comprises a tubular
article wh;ch is dimensionally récoverable,and.préferably heat-

recoverable. Usually these preferred articles



recover abl . Usual 'y these preferred articles -9- recover, on heati
towards an original shape from which they have previously been deforned,
tRe.term "heat- recoverable" as used hérél M also includes an article,

bele&ﬁp“é’zf Qfﬁéh”gr«r%gs?ﬁﬁffnséeaigﬁ%ﬁ PaRdRL 8 gtk %ms o b witkén Y
bs des- or Fﬁéﬁr#ﬁ?veﬁiaxsl preidpall, BeghChebtindd Bhid Gt GuAR Wi LT
3,957, 372. e , | I

Patonte 1 43u AeOEEaRRbLEN Ry Rt RELEIN a1y m%%%@'aﬁai%ﬁéfé“‘

tretched stat h
§| lrgwg tehese?as ¥Cﬁ ﬁcﬂ%‘% o) rgwgv%'r u%%%%os%of @%gs'{e#uft
speci ficati ogs Bas h&&%&gucbﬁgme&ﬁb& Hofotmie’f o7 Ui &hefiS mdist!

i nner |ayer @nd the con- tive“outer layer may each be independently heat

recover abl e, s £oHR, ObubA! Areficlbd kawprssia RRO1ntdic nltdFial il
that the sl as a whol e i s heat

ing the property of elastic or plastic memory as des-

to permit récovery. Advant ageousl y, however, the enclosure conprises a T
tubul ar article whi.ch is dinensionally recoverabl e, and preferably heat-
b

5 cribed for example, in US Patents 2,027,962, 3,086,242

| and 3,957,372, 1In other articles, as described, for

] 10 example in British Patents 1,434,719 and 1,440,524, an
elastomeric member is held in a stretched state by a
second'member which,upon heating, weakens and thus
allows the elastoﬁeric member to recover} The dis-
closures of these specifications are incorporated herein

15rby reference. Ths insulating inner layerland the con-
ductive outer 1ayer may each be independently heat
recoverable, or.ohe or both of the layers may be:elaSto-'

meric, provided that the sleeve as a whole is heat

contradistinotion to the tubular erticles which have |
therto been proposed for the protection of cable |
rﬁinations and splices, the enclosure of the present
vention can if desired be formed so as to have a sub-
Sstantially uniform orose-seotion along its entire length,
at least in the stable or freely recovered state, if the
"enclosure is recoverable. thus enabling the enclosure to
be produced by relatively inexpensive extrusion methods.

This is a considerable




regcomerable. 20 In contradistinction to the tubular. articles which have
t.'o been proposed for the protection of cable erminations and splices,
t ’e~encl osure of the present nvention can if desired be forned’'so assto *
have a sub- stantially uniformcrossqggction along its entire Iength, at .
_least _in the stable or freely recovered state, if the enclosure is N,
" recARVaPtage OVeEnBNioR ant designs cwhiche fremhentlpy regudiesel y e
i nexpensi ve extrusion nethods. This is a considerable - 10 = advant age™*
overspphdisticated manlding tperations;: eqdlithoughi Iessatesizabls ng
operations. Although | ess desirable, the enclosure of the present invention
coul thef enzkasuzesobhehedpresentheinvention could@xefptourse dXsp or
casting, as appropriate. However, the preferred .nmethod of production, is

by . bkt malde exyr othar aiethodsgy fox dxampled moh I&ETNG S6FY cRsHimret ment to
render the extruded product recoverable. This treatnent may involve, for

exanake appropriatie.ng Howeversi the s efeetred matisd@nbsaprogfttionki ng
agents, followed by expansion, for exanple, using differential gas pressure

or aisaby al€iplle eantiusion B elns oOyagesdsic EETlévedcall adcugBawyi on
or -

by treatment to render the extruded'broauct recoverable.
This treatment may.inVOIve;'for example, cross-linking by
ionising radiatio‘n or by chemical cross-linking -'ageﬁts,
followed by expansion, for example, using differential Qas . .'3

pressure or a mandrel.

_Earth continuity néybe provided across the cable termination or
jdint.by cbnneciing fhe éondﬁcti#g-outer layer of the énclésure
to the ;hiela or.shields. 1In ofder.té éonnect the outer
‘conducting layer to the shield_qr shields, the ends of the
enclosure may be sb shaped that the conducting Quter.layer

is brought into direct physical and electrical contact
therewith. Alternatively, indirect electrical contact may

be provided by cqh&ﬁctiﬁe members which £it oh’thé ends of

the epclosure; Such members can, fot example be metal

straps, or moﬁlded parts’formed from ccnaﬁéi}ve polymeric

materials, which may, if'désired, be heat recoverable.



-A —

joint by connecting the conducting outer |ayer of the enclosure to the ‘gga
shield or shields. kn order to connect the outer conducting layer to the
shiel d or shields, the ends of the enclosure may be so shaped that the
conducting outer layer is brought into dilr ect physical and electrica
conLact therewth. Alternatively, indirect electrical_ contact may_ be

proyi‘ded by &#ﬁﬂi’é’f Gal nerBERStARYh instead R RHRIsLdRd (he wRPRinge.

Such®menbers can, r ex tal str or moyl ded parts forned from
conductive pdt e "F gapéﬁégcﬁﬁé’hwnaof%ﬁq'ﬁ‘c%vge%‘? ?’écover able.
El ectrical - act may instea Vi pi ng.a netal a
helically ar %&e{h@ ohgReer éngu%P ﬁé\%r"%rﬁ? quf?] ‘g{'ﬂ or ends
to the shleld for exanpl e l.dering. 5 The noul ded parts may, for

oPy° pddaRa

exanpl e, Bﬁboved faces adapted to fit over the
ends of the enclosure and may advantageously be provided with an internal

coating of @9E¥ r a ?5@5 ot glve

envi ronnen alﬁ?éo ec |(£)§ ?§§-§,gp%n§¥ eﬁ 0 eté (#Ees%nr’gﬂ%t u?m%‘{; wher e

the moul ded RaLd; ﬁ§ § 9¥3d553e r QW % ﬁ ‘i:‘b”f o @ - end$ o the

internal coating o ealant I1s e ectr y con uctlve n somnme

Ci I Cumst anCeSen@foSa LY} Oaﬁhymﬁﬁrnhki@%%abbo%ﬂy be provided with an
internél. coating of a sealant, for example a mastic ox
hot melt adhesive, to give envirommental proteciion to

- 10 the ends of the enclosure. Naturally where the moulded.

part is employed to provide'electrical contact, then any

~ intermal coating of sealant is electrically conductive.

In some circumstancés, as'preyiously mentioned it may
be fqund advantageous to provide the space adjacent to
‘15 the-éx§dsed electrical conductor, for example the region
| surrounding the crimped central conductors ef a cable

joint, and/or the spaée adjacent to the end of the shield
with a voié-filling material in order to minimize the
possibility of breakdown due to iénization of air in any
20 voids. Such a material may be a grease, for exampie a
silicone grease; a mastic or.a hot melt adhesive. The
void filling material may have.electricaliy insulating,
conductive or semi-conductive prqpertiee although, |
where it has semi-conductive properties-it does not in
'25agenera1 eXhibit a significant stress grading.effect

 _since_it is generally applied in localized arxeas. .A ... B
partlcularly suitable void=-filling material is. descrlbed

and claimed in German Offenlegungsschrift No. 2,748,371

the disclosure




ound advant ageous to provide t-he space adjacent, to 15 the .exposed
bt ri cal conductor, for exanple the region surroundihng the crinped -
ytiral conductors of a cable joint, and/or the space adjacent "to the end
he shield with a void-filling material in order to mnimze the

poSsi bility of breakdown due to ioni_zzi?' on of air in any 20 v Such a u
material - may be a grease, for exanple Si-licone greasgs e or a hots .
nsul at i ngts*

Conduct 1 ve G SBHCH ok AProEBarabs rbr i B Hefes 2 -
tress gradi ng. of Tan tovERLibolARY Bled Rom SEINGY SNHE pRomAdr %"

particul arly j t e Eds Ll Lieng &Jd | | sclaiped in
German O fen fe%%ngéécﬁ‘er‘??gﬁﬁg 55 %’1‘ : 33’?11 ae‘-*%i scl OS%P&;;%?Q@;@{; %?Ewhi chis
i ncor por at edy, ek £hds byp 861 8%¥e andv QRO higher iddy aRRh | €8t 4@y the

termnna- tion and splicing of high voltage cables operating at voltages up
to 15kV,5 anthVER kW OLRr sémé. ciBelsl 4@HeV stresdgrzding imat@pEarases. The

stress grading rmaterial. nmay have el ectrical inpedance characteristics which
are may have electrical impedance characteristics which are
wholly resistive’or which are partly capacitative.
Preferably.the_stresé grading inner layer is semi-
conductive'and comprises a polyﬁétié matrix having
10 "dispersed tﬁeréin.a condﬁctive fi11er, and eSpecially
carbon black. Suitable polymeric materials and carbon
blacks for use in the polymeric matrix include those
listed pre&iopsly. mhé amount of carbon black.in the
streés grading material will depend to some extend on
15 the type of black used and the polymer matrix, but
preferably the material comprises from 5 to 150 parts
by weight of carbon black, per 100 parts by weight
of resin. |
Alternativély there may be used“as the stress
20 grading'innermost layer a composition having non-linear
resistive characteristics, for example as described in
British Patents Nos. i,470.501, 1,470,502, 1,470,503
and 1,470,504, the disclosures of which are incorporated
- herein by reference. 1In Qlace of the polymeric materials
25 1listed previously, the stress grading innermost layer may
comprise a fluid coating such as a mastic, for example as

"described in British Patent No. 1,526,397.

e



gradi ng i nner |ayer,is sem - conductive and conprises a polyneric matrix
havi ng 10 *di spérsed therein a conductive filler, and especially carbon
bl ack. Suitable polyneric materials and carbon bl acks for use in the
polynmeric matrix include those |isted preyiausly. The anmount of carbon
blqég in the stress grading material will depend to sone extend on 15 the
type€of black used and the polynmer matrix, but preferably the materi al
conprises from5 to 150 parts by wei ght of carbon black, per 100 parts by

wei gt of 1 PREN Rl WtAdEhY §HRESERE DRayseloasebbaraly 83 2P Mo ok

V\,h‘oﬂ"y resistive or which are partly capacitative. Preferably the stress

I nnernost | ayer a-.conpdsition”having _non- esistive-c

| ST euapedingid oo eReCEibof) B 0l 1088 o 400, B LARD T coe

sCl osures of which are i ncorpor erern

by referencgeg H_ngb?ﬁz? &ET 8 aBALEER F4C Mfé&%ﬁﬁ%fi SoCERr e“f&'%ﬁ’reéé‘e

stress grading innernost |ayer may conprise a coaf i ng such as

nasti c, f0rgﬁé&iﬁbelﬁﬁﬂﬁﬁsﬁéé?eﬁni%H@ié% f@lﬂa9aﬁﬁag%9§%§ys%és a plé:

The stress Qgrading innernost |[ayer pre a;1g has a;gp
resistivity in the range of 40 = to 10 ohm cm.

Since the ﬁesistive_stress grading layer extends
from the exposed conductor to the or each shield when the
. proiective sleeve is installed it is.ﬁlso possible (although
. not essential) for the stress grading layer to qxfénd 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 a; stress grading cones, allowing
the entire sleeve to be formed by relatively inexpensive |
e*trus}on methoés. Thus in one preferred'agpect of them
inventioh the protec£ive sleeve is a diménsionally recovered
extruded tubular article having an innérmost stress grading

resistive layer, an insulating inner layer and a conductive

" outer layer.

;



~~pedance in the range 10[err] to 10[err] ohmcm for exanple close to
':; err] ohmcm neasured at a frequency of 50 Hz. The &tress grading |ayer
3;?d,in t he cl osure advantageously has a D.C. resistivity in the range of
err] to 10[err] ohmcm Since the resistive stress grading |ayer N
=%t ends fromthe exposed conduct or~ t¥#t1he or each shield when the ;
protective sleeve is instglled_ it .is al so_possible ialthough not essentiale.
for the stress gra@ Feletpde (FRiskness LonEPe ubRERAREARGy 1NRETeNtire e
l ength of _the sleeye. Al sq, .i.t. has been found th [t i.s possi bl e thereby
to disp §¥eﬁﬁ?ﬁgo¥ﬁ§rcp Fﬂ”%n?&ﬁﬁFQJQXFﬁgW% hbﬁsd%FE§§§dgF8ding
cones, allowing,.th ntite sleeve t formed by relatively_.inexpensive
extrusioﬁoﬂﬁtﬁgﬁgp%Tﬁyé | Eﬁgﬁﬁaﬁé;$§§F5§fﬁéh %?o?ﬁﬁg?ﬁﬁeﬁfiﬁﬁethe
protecti ' [ qi ' |1 e . ext I rticle
#iciRBiLs, Bl driUeHeaI 'ohd FORKELERIGY 1U0RF, LinY o

havi ng an i nost “Sstréss *gra resistive I nner

| ayer ang . L. ' . - 5 | al.Lyeat hi.ckpess of the
insulati%géyﬁﬁggaﬁgyé?'gﬁﬁﬁ{ﬁ%q%ggﬁhé??Véﬁéﬁ%%?ngge?ée%IF %g_gpcﬁﬁked to
Sone ext gl Pie! BBnkRetived 19hvea Miical lpé@é’_eéttﬁ:ﬁcﬂﬁeE?eoE”E%ﬁWe’ but in
general the insulating layer will have a thickness of from2 to 15 mm
preferabdysfeenE3minQ peeFférably from 1 to 3 mm. For cables

carrying voltages of 35 kV or more it may be necessary to
taper the insulating layer to a point adjacent to the end
‘of the shield as described below, Preferably, however, the
insulaﬁing layer is of substantially uniform crqss-éection
for at least the cénﬁral 60%, and most preferably 75% of

- its length. For cables carrying voltages below 35 kV it
is most preferred for the insulating layer at least in the
stable or'freely recovered state, to be of substantially
uniform crossfsection along its entire length. |

The invention, howeﬁer, also comprehends the use

of.a tapered portion of the insulating layer to produce a
stress cone adjacent the or each cable shield end,
although such taperéd portion preferably does not extend
beyond the cable shield, and merely provides a "step" from
a larger to a smaller cross-section portion of the

insulating layer.



and fRe conductive layer will have a thickness of from0.5 to 5 nm - !
preferably from1 to 3 nm For cables carrying voltages of *35 kV or npRe i

i t. may be Necessary to taper the insulating |ayer to a point adjacent to
the end of the shield as described bel ow_ Preferably, however, the

i ngul ating layer is of substantially umi £6r M cross-section for at |east the
central 60% and nost refgtab 75% of its length. For cables carryin

vol Tages bel ow 35 kv 3% 18 ?759{:2&9 Vead ATt ET JRY NeTLARt
R M AR
2ot ess cone adiiciheds' SRCLER BIbRRHCRR1 N qltea ' adddo et 00V0°
tapered portion ﬂ)éféféelg.l?l ypggférggﬁr.ggxﬁ:ﬁgdsg%%%?létﬁgg.}xmn% o Lo S0

merely provides -a froma r 10 a snma s-Section portion

o bl TS0, edetsh porciqitor hg stbcaiel abassed Inatilg a2/

may overlap the or ea by an anount at kness

of its substantigdltyidi &QEPLFLAGSLRRCHEORARE Uatle RBhalAi@ing, tdHa

substantially uniformcross-
therefore the insulating layer overlap is at least

equal to the thickness of the insulating layer at that
-poinﬁ.. Preferably the overlap is from 2.5 to 6 times

. 10 the thickness of the.substantially uniform cross-section

. - | of the ‘insulating layer. In the majority of cases, no
significant further improvement is obtained by using an
overlap in:excess of 3 times the thickness of the sub-
stanﬁialiy uniform cross-section portion.

15 ' For cables above lS”kV, pgeferably both the stress
g;ading layer and the insulating layer, overlap the or.
each shield end. For cables of 35 XV or more, at least
the insulating layer and preferably both the insuléting
layer and the étress grading layer overlap the or each

20 shield end by the required amount and in addition, the
insulating layer preferably comprises a central portion
of substantially'uniform'cross-section tapering at its

ends towards the cable shield end as previously described.

?
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-

~. Section portion of the insulating |layer includes that portion overlying
or each cable shield end, and-therefore the insuldating.layer -overlap is
X east equal to the thickness of the insulating |ayer at.that poiht. -
Preferably the overlap is from=2.5t® 6 tines 10 the thickness of the -
subst.antially uniformcross-section of the insulating layer. In the - N4
mjRreferablypnsthe scressi greding kayer extemdsrefivri atoBiessted®y usi ng,
an overlap in excess of 3 tinmes the thickness of the sub- stantially “
unio5r ther d=ngtht odn 4oz t enclosire an&omosibipredepablys S0t gt eferably
both the stress grading |layer and the insulating | ayer, overlap the or.
eachealite7b®eof Eds dangthof In ldértainr embadimentst ke stdedsng | ayer
and preferably both the insulating |ayer and the stress grading |ayer
ovegragimte Mdyesncextendscforethd Vil lefditte bfnehat epadlasurweldi tion,

the insulating |ayer preferably conprises a central portion of
subpesiadily ati leasterehats porition P the endlsserds comprilsinge cable
shield end as previously descri bed. Preferably the stress ‘grading | ayer .

ext REs dt¥edé GeadifPNalerNeHAMH Nbef oftheuipt HrYi813Rd yisfopmef erabl y

for at least 75%of its length. In certain enbodinents thé stress grading

| ayerowg-aseistion divorde! Lteen@nyh 1HetheC|statfe or freely

recovered state, that is to say, the ratio of the thicknesses

of the layers is substantially constant along the length of

the stress grading layer7and the generzl confiéﬁ:ation of *
the cross-section is substantially unCﬁ;ngeﬁ.' In most cases

“the stress grading layer will be centrally dis?oéed along

~the length of the enclosure. The thickness of the innermost
. stress gréding layer ~will be dicta;ed to some exﬁént by the
requireé electrical proﬁertieﬁ of the enclosure, but in

general thé innermdst layer will-havg a thickﬁess of from

0.5 to 4.0 mm.

The stress grading innermost resistive layer and the conductive
outer layer are required to be in electrical contact at

‘1east afﬁer the enclosﬁ:e is conformingly engaged with the
electrical cable termination or_joint, and this may'be
achieved by an appropriate configuration of the ends of the
ehclosure or by the provision of means for haking electrical
contact between the layers. Electriczl contact between the
stress grading innermost layer and the conductive outer

layer may be direct or indirect.



Desi rably at |east that portion of the enclosure conprising the stress
gradlng Iayer shoul d be of substantially uniformcross-section along its Y

length in tthe st'able or freely recovered state, that.is to say, the ratio
of the thicknesses of the |layers is subst ntlally constant along the |length

of\the stress grading Iayer and t he geﬁé configuration of the

Cress- sectlon i stantl nchan ses ss gradi ng
| ay®F will gﬂt+ flﬁlﬂP ée%°§?0n%°Fh@ Q1 4%1 . The

t hi ckness of t [.0DS mnll be dlctated t,0_sone
extent by the r%ﬁﬁﬁ$§1ﬁr®{-§' rgf'&g??? s@s tt'hé’%r?ﬂ%ﬁ%en’b‘mb‘?ﬁ’

The siress orad g T %ﬁé’?ﬁ%?y % ??-‘V@eag’ﬁayé?‘@%‘% R R T e
are required toy egncs{iﬁﬁﬁ:%e F 65 aCtsng teb £ 25nd i3 JdUt eé‘féé@z‘t"i@ais

conform ngly enga ectrlcal tern1n i'on or JoInt, and

this mey be gohisieschysanABRes) Iﬁégﬂeg[serﬁé{ eld® %ﬁfmlhe

encl osure or by the provision o neans for act

between the |ayeigelf 8L bhadk S2Nihe! PRI fi&ys'[ﬂéass% Al Agled NNET nost

| ayer and the conductive outer layer nmay be direct “or indirect. -17-
that the insulating intermediate layer terminates just
before the innermost and outer layers thus allowing
them to come into direct electrical contact. Another

. 10 poésibility is that indirect electrical contact may be

o provided by conductive members which fit on the ends.cf
the en&losure; Such members can, for example, be metal
straps, or moulded parts formed from conductive poly-

meric materials, which may, if desired, be heat

15 recoverable.

The invention may be applied to the protection of
termination and jbints of shield single phase and three
phase electrical cables. When used with three phase
cables, each conductor may be provided with an enclogure
20 comgrising- a protective sleeve comprising a cqnductive
outer layer, an inner insulating layer and optionally a
stress grading innermost layer or alternatively each
conductor may be provided with an inner insulating layer
and optionally a stress grading innérmost layer and the

25 enclosure completed by a single conductive layer

‘surrounding the three insulated conductors.



[ {s sinplest form for exanple, the ends of the enclosure may be

) %& | ed so that, on engagenent, both the conductive outer |ayer and the
St€ss grading inner |ayer contact the cable shield, and indirect * .

el ectrical 5 contact is thereby nade through the shield. ‘Alterna- tlvely
the ends of the enclosure may be 50|§rranged that the insulating
internmedi ate |ayer termnates just before the innernost and outer |ayers s

TR S R
can, for e§ cfncn?e et 76% €‘§ éﬁg Q%Dmﬁéng §2r ?g:ag'g‘%d %3’%&: ductive

- poly- merigg g%n‘i:%ré 3 So ‘c’jﬁ" a&h? ”Eé.(cti SéfLS Pt?éngegtf B Ffsy abl e The.

invention may be applie he-pro |on of termnation and joints of

shiel d si ngly eagﬁ?%?¥§ééwégbé@ gf&gh egg +hEPL 8rentih Used With three

phase cables . ctor e provi wth an encl osure 20

conpri signg sg@yaﬂndﬂuhsﬁégw@ conprising a conductive outer |layer, an’

i nner insulating |ayer and optlonally a stress grading innernost |ayer or
alternatively each conductor may be provided with an inner ‘i nsul ating | ayer
and optionally a stress grading innernost |ayer and the 25 enclosure :
conpl eted by a single conductlve | ayer surrounding the three insulated
conduct ors.

ol
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The invention is illustrated by the followi ng exanpl es. Reference is made
to the acconpanying drawi ngs.in whichH Figures 1 ta.6 are sectional

el evations of different forns of splice covénqaccordlng to the invention iln
5 posi.tiomeymmersall e. EXAMPLE 1 A 20 kV in-line splice joint was
prepefed by crimprng the central conductors and cutting back the screen on
eachizgi de of the crinp for a distance of 6 cm There was then p03|t|oned
over the splice and shrunk into conforn1ng engagenent therew-th, a plece of

Eﬁé:gg?c?ﬁi-c re&?ﬁgﬁ?gﬂgﬁ%a t?é é%) Q’ﬁ&i?t?%% C%l Eﬂw\} %’?ﬁggﬁg | Eg
dent ?;Feco%%fi??aﬁ Cohdfist a0 it St R P A0 Eﬁﬁ?%sl%#ﬁ"é‘é?%%a .
et s 1 B A8 2o B LARERY oY Sl SRkt | EHER, Brsasione
0.75 cm and voI . reslstivi 1013 ,o0hm cm he nds of the t ube  were
profiled WPYfi*a gi&?ea(#/d oS ] in %e‘FP‘P g -engagement '

Fherewzth, a pzece of Raychem SCTH stress grading tubing of

length 30 cm, wall thickness 0.2 cm and specific resistance
(that is at D.C.) 1011 ohm cm. The recovered tubing.cOnfdrmed
closely to the contours of the splice and was in contact
with the central conductor and the ehields of each side of
theucrimp; vith a 2 em everlep. -Over the stress g:aaieg
tubing there wae then positioned-almoulded insulating heat
recoverab;e tube of length 30 cm, wall thickness 0.75 cm aﬁd
eelEme.resietivity é_x 1013 ohm cm. The ends of the tube
- . were profiled with a taper angle of 8.2°. When the he&t
fé&ove*ao1e tuking was shrunk centrally over the spl ce it
‘was found to leave 0.5 cm of the stress grading tubing
exposed at each end. FPinally there was positioned over the
splice a piece of conductive heat shrinkable tubing of
length 35 enm, wail thickness 0.2 cm and specific resistance
1000 ohm cm and this was shrunk down so as to provide an
electrical connection between the shields at each side of
" the splice. It was found advantageous to apply a thin layer
of silicone grease between the insulating tunlng and the
conductive tubing. The arrangement is illustrated in figure

1 of the accompanying drawings which shows a side elevetion

of the. completed enclosure in section. It can

L



Bgover abl e tubi ng was shrunk centraIIy over the splice it was found to
tﬁéxe 0.5 cmof the stress grading tubing exposed at each end. Finally
t héje was positioned over the splice a piece of conductive ‘heat shrinkable
Nrf.ng of length 35 cm wall thickness 0.2 cmand specific resistance 1000
“ohfm-cm and this was shrunk down so &g tQ provide an el ectrical connection QJ
bet ween the shields at each side of the splice. It was f ound advantageous

to apply anshisddraiatluid | AN GhPASENGCLUBERS! RO cidtal Jg ante

t he conductive i ng e arrange Is”illust ate gure the

acconpanyi ahﬂ:ga\u G M Ghds 2 a&de‘;el YRkl eanat;ctt%ecq%ﬁtge%
enclosure in s

tion. It can be seen that the stress grading tubing 1

extends frgaklehe dldcBried P é&mﬁmﬂﬁ%&ﬁeéﬁtbe@mma@@ lav@ tgibing 5

makes el ectrical connection between the shields 3 and 4 and al so overl aps
the stressagdpdilae dYurlags thd et£ess §radifgi vabing 1t esThe adng

tubi ngs are separated by the- profiled insulating tube 6. The splice was
submni tt 8d aucwiv@/@mnesﬁréﬁ tpsading n"tubingpparedsephiragedoby?@heV AC for
1000 hrs and then increasing the voltage by 5kV for-each 500 hrs until 10
br eakdown. pTofiledl/irswrest igfpvituben Gabl e |. TABLE |

The splice was submitted to an average life test using
an applied voltage of 20 kV AC for 1000 hrs and then
increasing the voltage by 5kV for each 500 hrs until

10 breakdown. The results are shown in Table I.

TABLE I
| Sample : : _
No. 20 kv 25%kv 30 kv 35kvVv 40 kv 45 kv
1 _ failed
15 2 passed | passed | passed| passed paesed' failed
3 1000 [ 500 500 500 500 passed
4 hours | hours |} hours / hours / hours }lslggrs

These results show the excellent electrical results
obtained using an enclosure constructed in accordance

20 with the invention.



A T . ]
Sanpte No. 20 kV 25 kV .30 kV 35 kV 40 kV 45 kV 1 - _
hou Q

failed 15 2 passed passed passed) passed passed failed 3

1000 - 509 *500 500 500 passed 500 4 hour s

hdurs hours hours hour's These re gﬁkﬁggxzthe excel l.ent electrical.
sults obtalned using an encl osure c i n accordance 20 with the
ent i on. - EXAMPLE 2 A 24 kv in-line splice joint was sinmulated as shown

|r1$%gure 2, by cuttlng back the jacket 8 and shield 9 of a 20 kv

e FAH R BRSSO e
of the d|eI ctric é3 ggg r enpyed Hq expose the congfcto rea_15

of - the diel é"cﬂ’ﬂ-'ﬁ FFRFBang: hark cBheudsskeRd AR tﬁﬁi 9a° a 20

conductive paint to forma_region 10 cmin length sinulating a wel ded
joint. The \énﬁ?ﬁsﬁlé*'ﬂégédpeﬂ-éﬂ%‘&Yl%nénigééﬁ- é-ﬁ etfog%pose the

conductor between the painted areas 15 and graphite layer 11 was 12 cm A

pi ece of R@%%BhfiseTma‘F€§§a§-ﬁ§d wgomblayea pegraphite layer 11 and
 dielectric 13..- A portlcn of the dielectric 13 was removed

to expose the conductor 14, and an area 15 of the dielectric
on each side of the cénaﬁctor was painted with a cdnductive
.paint to form a region 10 cm in length simuléting a welded
joint. The length of exposeéd dielecfric on each side of the
exposeé conduétor between the painted areas 15 and graphite

layer 11 was 12 cnm.

A p&éce.of'aaychem SCTM stress grading tubing of specific

. resistance 10!! ohm cm was positioned over the splice and
recovered to form a stress grading.layer 16 that conformed
to the cohtours of the éplice and was in contact with the
screen 9. A piece of Raychem BBIT insulation tubing 17 of
recovered wall thickness 4mm (that is, of wall'thickness
4mm if alloweﬁ to recover completely) was then recovered
‘ovér the stress grading layer 16 and a second piece of BBIT
tubing 18.of the samé'wall thickness was recovered over the
first tubing after a thin film of silicone grease had been

.applied to the surfaée of first, recovered insu;aﬁion laygr



ngs| st'ance 10[err] ohm cm was positi oned over -t he splice and recovered to
'qaié

ATIG

t

pa stress grading layer 16 that conforned to the contours of the splice
as in contact with the screen g& A piece of Raychem BBIT ‘i nsulati orr
™NWYng 17 of recovered wall thickne §4nn1(that is, of wall thickness 4mm
I f all.owed to.recover conpletely) was then recovered over the stress
gradi ndil7TayFheldenygith ofcalk ptwoepibcasl Tof BBDY thbdng k7 5al8 welle -
t hi ckness was recovered over the first tubing after a thin filmof silico
gr ease sadhbehatsgpafedrt xddvery| aabout flrah, ofeehecrfiksvsihaulerioner
. 17. The length of the two pieces of BBIT tubing.17, 18 were such that,
after rpggeerandlabut AMeat dPether sitrdse| gt 2@Anka NSy twébelexboradf
the stress grading |layer were exposed at each end of the splice. -Finally a
layer odtgear lehdRefsRhd asbDice.t NFINE XTIy sariagRrofof F%:apﬁmé was
insulation layer and a piece of Raychem CNTM conductive tubing 19 was
recover g8raveia idittSPthec cultiér | 8gEAcH I bf ceny cEge i@ MmiSa1atibhe

conductiVve fTubing were chosen so that, -on recovery, the conductive tubing

woul d T pgaiean ﬂ@%rbi@cé%gﬁgx&ﬂem o2y LT IEES v@r‘(ﬂiﬁ’ﬂﬁgoiﬁ kasstress

grading layer 16 and"the c leld 9 at each end of the splfice. Five

such j ofBEovei&a SYPEL! etk topi HRel OSITIREALEREEN S RO ddbdbbea! Biameter

of theé conductive tubing were chosen so that, on recovery,

the conductive tubing would form an electrical connection
with the exposed portions of the stress grading layer 16 and
- the cable shield 9 at each end of thé splice.

Five such joints were submitted to the test sequence shown

in table II.

L]



23 TABLE || Test 1 2 3 .4 5
Di schar ge extlnctlon voltage (DEV) (1) 35 kV 32 kV 17 kv
kV. 26 kV'Discharge at 50 kV 10 pC 50 pC 5 pC 50
60 pC 55 kV AC for 1 mnute passe passe passed passed
passed Bending - sanple col d(2) DEV (1) 34 kV 32 kV 17 kV
29-kV 26 kV Bending - sanple sem - warm (2) passed passed
passg&d passed passed DEV (1) TRBLEVITI 30 kV 17 kV 28 kV
26 kV AC to breakdown 110 [err] 105 Jerr] 115 [err] 80 [err] 110 [err]
Positive inmpulse to breakdown in steps of I0kV 210 [err] 220 Jerr]
[err] 210 [err] ' '

Test 1: 2 3 4 5

' Discharge

extinction

voltage |

(DEV) (1) 35 kv 32 kv 17 kv | 29 kv | 26 kV

Discharge at ' )

50 kv 10 pC 50 pC 5 pC. 50 pC | 60 pC

- 55 kV AC for |

1 minute passed | passed | passed | passed | passed

Bending - _

sarnple cold (2 ) 1} " ”. " "

DEV (1) 34kvVv | 32kv |17kV ‘| 290 kv | 26 kV

Bending -

sample semi- - ' .

warm (2) passed | passed | passed | passed| passed

DEV (1) 35 kv 30 kv | 17 kv 28 kV | 26 kV

AC to breakdown | 110 kv®| 105 kv® | 115 kxv®| 80 kv°| 110 xv®

Positive

impulse to

breakdown in ) ' _ _

steps of 10kV | 210 xv?| 220 xv?| 200 xv®| -- 210 kv*

Positive DC to

breakdown in a a a

steps of 10 kv | 260 kv®| 150 kxv* | 160 xv?| -- | 150 kv

p"

200




passed f

13.5 kV
kv 18 6%?

passed

i.,ve DC to breakdown in steps of 10 kV 260 [err] 150 [err] 160 [err]
150 [err] - 24 - Test 1 2 . 3 o
a.-'cycllng at 95 C 50 kV applied 63 cycles (3) passed: passed -
> passed 55 kV AC, 1 m nut.e passed passed passed
passed DEV (1) 15 kV_ J43 kv 17 kV _ 15 kV Load
cycling at 95[err]C 30 kV appl i ed,” 169 cycl es (3) passed °~ passed -
paaacJ BEv (T) : i.G a2 11 R —F ey - ’V
.Eharge at: 1b le <0. FS pC 5 <0. 3 pC 4 13. % pC 24
15 pC  1p pC | g f kM Ac, ®1 pinut 8. |
passca pass ] passeft :
Logd cycling at |
957C 50 kV
applied €3 _ _
cycles (3) ‘passed | passed | passed -— ‘passed
1 minute passed | passed | passed - passed
DEV (1) 15 kv | 13 kv | 17 kv — | 15xv
Load ¢cyecling at -
95°¢ 30 kv -
applied, 169 - - _ . .
cycles (3) passed | passed | passed - passed
DEV (1) 16 kv 15 kv 14 kv - 13.5 kv
Discharge at:
15 kv | €0.5 pC| 0.5 pc|{ 3 pC - 13.5 pC
24 kv | 18 pC 15 pC 10 pC - 20 pC
85 kV AC, _ _
1 minute - passed | passed | passed - passed
55 kv AC,
4 hours " " ”n - "
128 kV DC,
30 minutes " " " - "
Impulse +
185 kv
10 shots " " " —-— - n
58 kV AcC,
800 ‘hours " " " - (c)




o

4ihours~ ' " " 128 kv DC, 30 minutes

_ " lnmpul se + 185 kV 10 shots " 58 kV AC, 800
hours * oo " ( O Test
2 3 4 5 40 kV AC, _ 4300 hours _ passed passed
pagsed . © __ (c) 30 kV AC, 2350 houdg _
T (c) Notes: (1) The discharge extinction voltage I S nmeasured using:
an BRA di sc| : Trar s FeoTpThe
conductor afhehdgdie potentigl is rqised untpl agtivigy isjobsegrved. The
potential i§ then reduced juntil the fjesponse ¢f the disgharge nagnltude i S
0.5 pC and [ECOTded as tng arschargef extrncti gn volrtage,

40 kV AC, - : 1 :

4300 hours passed | passed | passed - (c)

30 kV AC, .

2350 hours " "o " - (c)

Notes:

(1) The discharge extinction voltage is measured using an
. ERA discharge detector. A 50 Hertz AC potential is applied
. ' to the conductor and the potential is raised until_activify

is observed. The potential is then reduced until the.

response of the discharge magnitude is 0.5_pc and recorded

as the discharge extinction voltage.



2 - The cable and splice is bent round a test cylinder of dianeter
D°+ d) where Dis external dianeter of the cable and d is the dianeter
-1Ae conductor. The cable is then rotated round its axis by .1800 and .
agai n bent round the cylinder. Aft&i t he operations have been repeated, a
55 kv potential is applied for one nute and the sanple has passed. (3)
The cable is heated to the specified tenperature by a 30 kv heating current

v

for f2ye hours mwé bapiferasd! Qgg.(iéé) %%eaer:bw Qgegétngy'(lafsg@éfh A

cycle while maintaining the conductor a potentral o

fl ashev, bHatyl R (01 s PR B NCY] N%EF A 15 kV
spl ?‘?:% ggagiﬁ(')evﬁ i@&i‘?ﬁ?&@ V\gls‘e (?Pr?; e%Qmé'Sﬁh{a\%@Psa’E?/%g ye rﬁ?e;\ne

bl ' d : I hyl i el '
i, GRS 8 DhOREALLRRIRT G0 NePBhctin PO GRTESTIR g et

o e TR A Proi el DRl B2 007 AR o1k REAE, SRR T
for éyikﬁﬁﬂy¥frﬁﬁ@&%léﬁ&”bBa&%fE%ﬁ%“ﬁgvSX%%ii?QEieatea, a’'S5 kv
potential is_applied for one minute and .

the sample has passed.

(3) ‘The cable is heated to the specified temperature
by a 30 kv heating currenf for five hours and is then allowed
to cool for three hours during each cycle while maintaining

~ the conductor of a potential of 30 kv
(a) ) .flashover at termination

(b} breakdown in'joint

»



10 graphite inpregnated cloth [ayer 23. The cloth | ayer was cut back to 2 2
cﬁ1fron1th§ screen and the graphite |ayer extending beyond 1 cmfromthe %;
cloth ’l ayer was renoved. A quantity of epihal.ohydrin stress-grading -
material 25 as described in British Patent Ne.1604612 15 was applied ove

t hecrinp and exposed conductors, and a:bDece of Raychem stress-gradi ng

tubing 26 was recovered over the splice so that it conforned to the

contours of the splice and overl| appedgkhigptabge screen 24 at each end. A
pi ece of -Raychem BBIT insulation 20 Tubing Z7A of recovered wall thickness

4 havi I ' jvit f. at | t.1013 oh d I th I

Lo thar of the & roXGrSRHRE (4 HOMRSIR EHGRERIcHaE Sosmeghbatween @
t - di I f olJ owed ' f Raych CES _dual t

Cubing o7 bR Ry RN TR S FaBlSe o LR St RacR SALEmAL ) ng. | Byor
f [l thick i t - L I I f

val | thi ckness. SPEet eohdiBet 80, BafretRfehs o eefRaE 21,07 N0 vas

bstanti al lzy . : . ' 2 | th it
e oas bi e or TEEBRIE der 1B, Brdgity LS HBELONALBNCEI RER TalidRid ] |
| ayer to be | ongRiadl sthdierad el tieedPNSLcikOE Ul ALENERLAXS - hinal 1Y a

copper braid 28 was positioned )
central copper conductors 20 were crimped and the

screen 24 was cut back from the end of the dielectric
for a distance ranging from 9 to 15 cm to expose the
10 graphite impregnated cloth layer 23. The cloth layer
~was cut back to 2 cm from the screen and the graphite
.layer extending beyond 1 cm from the cloth layer was
removed. A quantity of epihalohydrin st:ess-grading'
material 25 as described in British Patent No.1604612
15 was applied over the cfimp and exposed conductors, and
a piece of Raychem stress-grading tubing 26 was
recovered over the splice so ﬁhat it conformed to.the_
contours of the splice and overlapped the cable screen
24 at each end.. A piece of Raychem BBIT insulation
20. tubing 27A of recovered wall'thickhess~4 mm having a

volﬁme resistivity of at least 1013

ohm cm and a length
equal to that of the stress—-grading tubing was then
recovered over the stress-grading layer 26, followed
by a piece of Raychem CES dual extrusion tubing 27,

25 The dual extrusion tubing comprised an inner insulating
layer of wall thickness about 3 mm and an outer conduc-

tive polymer layer of wall thickness about 0.7 mm. The

length of the dual extrusion tubing was substantially



of the splice so that it was in conform ng engagenent wi'th the outer )
poplucti ve | ayer of the dual extrusion tubing and was also.,in contact wth -
¢Re.Jcabl e screen 24 at each end of iée splice. Four splices were préparet
_ ich the distance "A" between t centre of the splice and the screen .
724 was varied between 12 and 18 cm and were subjected to the test sequence}
“shown in Table II1. TABLE I'l1 Joi nt No. , 1 "2

3 4 "A" 18 cm 14 cm 13 cm 120m"~'
Tes

fFa%hc,C?a L Samecds  OndtTok %w"ﬁ%%%ﬁ ey S T
200 kv POSFERE oR thl TenighRVAE THE Mhedt nbd Ity ek Sladlr, |

35 kv coﬁéu@é:.'ﬁé%é{rg% Yo Fe KYonger o ghgﬁeas.otiafﬁcth@ PRy <0-5 pC

insulating layer. F:mally a copper bra:.a 28 was positioned

over the splice so that it was in conforming engagement with
the outer conductive layer of the dual extrusion tubing and
was also in contact with the cable screen 24 at each end of

the splice.'

Four splices were prepared in which the distance "A" between
the centre of the splice and the screen 24 was varied between
42 and 18 cm, and were subjected to the test sequence

shown in Table III;



30 kV ~ <0.5 pC <0.5 pG (0.5 pC <0.5 pC Load cycling 75 C .30 kV .
appl ied, 126 cycles passed passed passed passed DEV (1) \
42 kv 20 kV - 40 kV 19 kV Discharge at 25 kV (0.5 pC 3 pC .

<0.5 pC 20 pC 30 kV <0.5 pC 15 pQgq <0.5 pC 100 pC AC-step test to

break- down:steps of 5 kV each mn. Termnation flash- over occurred at:

110"V 110 kv 105 kV 110 kV | 1

2 N 3 4 "A' iﬁéig_iii 18 cm 14 cm 13 cm

12 cm Test: Inpul se step test to breakdown:steps of 10 kV + wave term na-

tlon flas::rvm ottt ettt FIO——2 PO OThe +36—k

Loadcycl i Ng«Qt 3.haurs I failgd 79[ errlC, 30 kV,undey 20

cm Jgiﬁt Rd. after water |305 %yclas, 2 paséed paséed 259

passed cy.Iegu E 18 cm| l4 cm 13 cm| 12 em
Test:

AC-step test to break-
down steps of 5 kV
each min. termination

flashover occurred at: | 110 kv | 105 kv | 115 kv | 110 kV

Impulse step test to
K ‘breakdown:steps of

10 kV + wave termina- _
. tion flashover |

occurred at: 200 kv | 220 kv 210 kV | 210 kv

DEV (1) 45 kv 36 kV 35 kV 37 kV
Discharge at 25 kV €0.5 pc| <0.5 pc | <0.5 pc | <0.5 pc
) 30 kv <0.5 pC| 0.5 pC | ¢<0.5 pC{ <0.5 pC

Load cycling 75%
.30 kV applied,

126 cycles passed | passed |passed | passed

DEV (1) - 142 xv 20 kv 40 kV 19 kv

Discharge at 25 kV 0.5 pC| 3 pC 0.5 pC} 20 pC
30 kv <0.5 pc| 15 pC €0.5 pc | 100 pc

AC-step test to break-

down:steps of 5 kV each
min, Termination flash-
over occurred at: 110 kv 110 kV "} 105 kV 110 kv




t:‘i*-;\ PLE 4. An 11 kv in-line splice joint was formed by crinping together N

e/jconductors of a 10 kv cross-linked polyethylene insulated cable and an -
v paper insul ated cable as shown in Figure 4. The paper insul ated cahl e
conprised a copper conductor 29, paper insulation |layer 30, aluniniumfoil
31. [l ead sheath 32 and a cloth tape ot shown) between the alum niumfoil W
and | ead sheath. The | ead sheath 32,9ﬂcﬁr|tape and alum niumfoil 31 were
cut back to expose about 6 cmof the paper insulation 30, and a varnishee.s
nyl on trape AL S~ -E6 T P IR SN D T :

- 8 Bee RSeH=a4 | 0N,
to pre i nsuw ati ¢n from becom apggd. he 10
kv pol \e nB9cabl e was pr eparfed degcribed i Example {3, sO thaj 6 cm

of the |dj AN i hal dhydy j n_st
mat eri gl ' 4 was applied around the%@i%- andﬂbi%@s o]

di Ng,\Oi illing
st ésggb‘ading

t ubi ng — = pHert=o -ty H=re—34
nanufaotgégg.by Raychem wer e -reclovered oyer the cgble as dgscribed ih
Exanpl g 37" A®pol yet hyl ene seal i ng sleeveh38 was- rgcovered gver the ppper
i nsul atje 0 al |extrusiof tubing 36 in ordgr to prevent any
| eakags B gﬁt&gﬁ%g gEekégsﬂg, and finally, a tin-jpl ated cgpper braifd 39
was appliggkgvgr' dfiGaO tlhat it was _

tion flashover

r eSiég

occurred at : 190 kv | 210 kv 200 kv | 190 kv
Loadcycling 5/3 hours failed

75°C, 30 kV under 20 cm after E »
water 305 cycles passed | passed 259 - passed

cycles o=




e

in ekectrlcal contact with the | ead sheath 32 of the paper insulated cable ™.
and the netal screen 24 of “the pol yet hyl ene i nsul ated cabl e. Five sugh=,
joints were subjected to the test. sequ@nce.in Table IV. TABLE IV Joi nt-'

1 .- 2 3 4 . 5 Test: 45 kV AC, 1 mnute

pasged passéd passed passed EﬁEQEEL_L_ 140 kV inpul se 10 shots To
cy&é;ng 70[err]C 20[err]kV 125 cycles (3) n 20 kV AC
un o

25 cmof water No breakdown after 2005 hours EXAMPLE 5 A 10 kV splice

joint as_shown in Figure 5 was forned between two 10 kV cabl es conprising

an al uni ARuklcdmiubroling splicei jedntporyet ipkrmed diwl erimpingl together

sen1 conducti ng Iayer 42, metal screen 43 and jacket 44. The joint was

the conductors of a 10 kv cross-linked polyethylene 1nsulatea

cable and an 1l kv paper insulated cable as shown in Figure
4, The paper'insﬁlated cable comprieea a copper conductor
29, paper insulation layer 30, aluminium foil 31,-lead
sheath 32 and a cloth tape (not shown) between the aluminium
foil and lead sheath. The lead sheath 32, cloth tape and
aluminium foil 31 were cut back to expose about 6 cm of the
paper insulation 30, and e.varnished nylon tape.33 was
wrapped dround the aluminium foil and papet insulation,;to
prevent the end of the paper insulation from becoming unwrapped.

._The 10 kv=polyethylene cable was prepared as described in

' Example 3 S0 that 6 cm of the dielectric was exposed. Aan
eplhalohydrln stress—grad;ng void f;llzng terial 34 was
applied around the crimp and pieces of SCTM stress-grading
tubing 35, BBIT insulation tubing 36 and CES dual extrusion

| tubing 37 manufactured by Raychem were recovered over the
cable as described in Example 3. A polyethylene'sealing _
sleeve 38 was recovered over the paper insulated cable end
of the dual extrusion tublng 36 in order to prevent any
1eakage of 011 from the cable, and flnally, a tin-plated
copper braid 3% was applled over the splice so that-it was
in electrical contact with the lead sheath 32 of the paper
insulated cable and the metal screen 24 of the polyethylene

insulated”cable.



wed by crinping the conductors 40 together and cutting back the

I} conducting |ayer 42. screen 43 and jacket 44 as shown in the draw ng .
Fave about 6 cm exposed di- electric 41. - 33 - A band of conductive
42a was applied over the end of the sem -conducting |ayer 42 and the
racent part of the dielectric 41 ag%% after a quantity of epihal ohydrin %)
stress grading void filling materi al had been applied around the crinp a7
pi ece of Raychem SCTM stress grading tubing 46 was recovered over the joi niw
so that FA¥eempehhfiQints werg svkieappddterhéheetaists desmens dgin each

cable. A piece of Raychem BBIT insulating tubing 47 of the sanme |ength as

the stre¥abdeadiVg t ubi ng 46 was recovered over the stress grading tubing
followed by a slightly shorter piece_of Raychem dual extrusion tubing 48
conprising an insulating inner | ay3RBREAIX conductive outer layer so that

t he conbined wall thickness of the . recovered BBIT tubing and the insulating

| ayer o Szaam "%—+4§m4—4F2—L+nns}Zhe-Lh+ckness
of the éeLe trijc 41. A tingsplafed cqpper] braiLd s¢reen 49 s'é?en

positio 88 he dual exttusi¢n tu ing |48 sO thjt it %ww.in ectri cal
contact-mffh—fhmrtab+er7tvem#riﬁb1&—1nmﬁrﬂﬁﬂ+1ﬁ—ﬁ+ﬂ, ' et ly a

j acket BQégQg recover edjover the

45 kV AC, .

1 niinute passed | passed | passed | passed | passed

+/- 140 kV . ?
impulse - : '

10 shots I . LI B " .

Logd cyeling, -
70°C 20 kV :
125 cycles (3) . w I | " "

20 kV AC under _
25 cm of water| No breakdown after 2005 hours

EXAMPLE 5
A 10 kV splice joint as shown in Figqure 5 was formed
between two 10 kV cables comprising an aluminium conductor
40, crosslinked pplyethylene diélectric 41, semi-conducting
layer 42, metal screen 43 and jacket 44, The jéint was |
formed by crimping the conductors 40 togéther and cutting
back the semi-conducting layer 42, screén 43 and jacket'44
as shown in thé drawing to leave about 6 cm exposed di-

electric 41.



spli<e so that it overlapped the cable jacket 44 at each end of the spkeR. . -
Four identical splice joints were subjected to the tests shown in ta', 3
Test * : Joint 1 - 3 . 3 4 DEV (1)

20 kv 18 kv 23 kv 20 kv Load cycling 95 C 30 kv(3) but under
5cm wat er No breakdown after 336 cycles EXAVMPLE 6 A heat-recoverable
cQextruded tubular 5 - 8 kv:joi.nt enclosure as shown in Figure 6 conprised

a Yadi abl panid EVELREUEEIPS SRR Y2 eauBpied Gle£ILHAN 4.0

pol yethyl ene, a radially interfrediate [Ryer 5 i nsu
o 1| edesls@ibybeneveichag sdvak wa NAATRE RRNUOSL OB WO
of 35 L EEEHELET AN A e R R RGBSR foRRREE e .
var | 0US ety 66 al 491 ha' 4R SUILE YRR Bec Uit Pl Bl e
Tnoul at CRatElye BREG< e RAPERER S SLEPER Brafiie ibinh, 4K mas
Stress- gLatiedda | V& 1 %' ' 6o that the ends of the tubing overlapped
the'metal screen 43 of each cable. A piece of Raychem BBIT
insulating tubing 47 of the same length as the stress grading
. tubing 46 was recovered over the stress grading tubing
followed by a slightiy shorter Piece of Raychem dual extrusion
tuhing 4é comprising an insulating inner layer and a conductive
~ outer layer so that the ccmbinéd wall thickness of the
B recovereé BBIT ?gbing and the insulating layer of the dual
' extru#ion_tuﬁing was at least 1;2 times the thickness of the
dielectric 41. 2 tin-plated coppei braid screen 49 wésjthen
poéitioned.over the dual extrusién tubing 48 éb tha£ it wés
in electrical contact with the Eable screen 43 at each end .
of tﬁe splice and finally a jéckét_SO'was recovered over_the
splice so that it overlépped_ﬁhe éable jackét 44 at each end
of the splice.. B

.Four identical splice joints were subjected to the tests

shown in table V..



S . *
tance of 10[err] ohmcm A5 - 8 kv in-line cable joint was
red by crinping the central conductors of a cable and catting back-the
screen 55 on each side of the crinﬁ for a distance of 6cm- The *- d
e nded jointing enclosure was posi3{oned over the joint and shrunk down
by heating such that the recovered tubing conformed closely to the contours;
of the t and was in conta.é th t he centrg conductgrs and the, shi el ds=-
" on either side of the crinp w 91 ern} cm oVerl ap ont® each shield. Theﬁa/
outer layer 51 of the enclosure was then electricallTy Connected To the
“cabl e screen 55 at each end of the enclosure by neans of wires 56 in order
to provDEw @rth continuity across 20hkyj oi nt 18-kwihe reageky s attepgign is
drawn to our.co-pending Applications Nos. 79.31976 (Serial No. 2,036, 460)
and 82.32979 (Serial No. ' ) which describe and clai mrel at ed. shi el ded
tern1naLomm&uﬂﬂdngogsﬂc;3o kabglﬁE 1. A shielded electrical cable

erm najienuABed 254k WELUEEN twoNol brédkdeRn sptEea3Eheyelds the or each

-

EXAMPLE 6
A heat-recoverablé coextruded tubular 5 - 8 kv joiﬁt.ehclosu:e -
as shown in Figuré 6 comprised a radialiy outeimost'layer 51
comprising conductive high carbon loaded polyethyiene; a
radially intermediate layer 52fcomprising insulated modified
-polyethflene and é radially innermbst 1aYer 53 conmprising a
'stress-grading layer, The stube wds rehdered heat shrinkable -
by'electroh beam radiaéibn cross-linking and expansion ﬁnder
heat to an expansion ratio of 3.5:1. In'thé fully recovered
condition, the wall thickneSées for the vario@s layers were
.1 mm for the conductive outer layer, 5 mm for the insunlating
zntermedﬂa te layer and 1 mm for the inner stress-grading
layer. The conductive layer had a specifig resistance of
1000 ohm cm, the insulating layer had a voluhe resisﬁivity
of 5 x 1033 ohm cm and the stress-gradiné layer a specific

resistance of 10!! ohm cm.



v, - ’ s
cabl e-is a shielded electrical cable conprising a con-.5 ductor, a
dielectric layer which surrounds the conductor and which has been cut

i

to expose a length of the conductor, afl an ®lectrically conductive sh
whi ch surrounds the dielectric |ayer-and wit'ch has been cut back to expose

allength he di cjLiq.laver., the .10 Le being tetn nated or,the .
capl es be%gsj oi %eg&ai #ﬁ ﬁ' eﬁ@g&ﬂé%ﬁ;’?ﬁgi R Tfﬁ)ér%y GoiRing o the
sl e conprisin n_ignernost stress .qradi ng.l ayer havi n.at | eas
partly r eg?’%;@g'c%?ﬁa{’&t_% Qit n&? ?r%ﬁﬁ't %eﬁgegna&ﬁ Oqa.ap%e
overlap the or eacg)y cable 15 shield, onductive outer Layer electrically
cont act i ngSFheely %s"ﬁr&ﬁ sige °§ta é’éﬁdc‘é a‘-ﬁ%%hﬂgﬁ*éaé’fc%a‘?;] g%l'e
shield, and an insulating |ayer that separates the stress grading | ayer and
t he conducThec expanded geintingnensilesure vasopssibiened: qvesxpbhed
conductor. 20 2. Atermnation or joint as clainmed in claiml,
wher ei n t hjoimduland nghirank downl ys heatingl sush dthat thesnesovezedon
or joint. . as clainmed in claim2, wherein the extent of the overlap of the -
i nsul at i ngtking cconfbrmed| elosiedy te thel canttomys | ofothies jdinknand 25
of the overlapping portion of the insulating layer. 4. A term nation or
jhoi nt as cwaisteth i contacthardthcthecdntoal, comdugiot seands dird i shyiedgdsr
as a ' : :

on either side of the crimp with a’2§ cm overlap onto each
shield. The outer layer 51 of the enclosure was then .

_ electrically connected to the cable screen 55 at each end of
the enclesure by means of wires 56 in orde:fto provide earth

continuity across the joint.

The reader's attention is drawn to our co-pending
Applications Nos. 79.31976 (Serial No. 2,036,460) and
82.32979 (Serial No. ) which describe and claim related

shielded terminations and joints.



fjrst. portion of substantially uni f or m ni ni mum t hi ckness over | ing the o
h cabl e shield by an anobunt at |east equal to said m ni numthickness, a
GO

Y

ti guous second portion of gradually increasi nq w“ mﬂlﬂu‘lm‘ pr évi der
jess control, and a contiguous thirdgpgortion ot\ L i form

termnation or joint gi %hgined in any one of clains 1 to 3, wherein the
insulating layer is o i ni formthickness along its entire length. 6.

term nation or joift asxclai:nec i .Wherein the
out er conductive Ig;‘/er f\ssg gg't%ﬁdgai%%n%:t%ﬁ??%ég%%%gghél at a
di stance fro h e | t u o the
t hi ckness ofnﬁﬁgﬁﬁg?gfg%e%f%?ﬁgﬁﬁggﬁﬁﬁg%ﬁ;?%%Eﬁétﬁﬁﬁ %?%g#?%a?kcégﬁg
~shield end andapeyopd LhegneRdael udatidi |Ye Oc‘!&ﬁﬂ:i‘igﬂnghit c6gbk! e
shield end. 7. A termnation or joint as clained 1nany ong of clains 1

to 6, in ghicduéhsr|naubabileethiren Whitth dderSIR@S StHEAdbAdukeyer

each overlap the or each cable shield by an amunt equal to 2.5 tines the
t hi ckness of am@ wikithohasf beld cdladkIGd egdosayLer1engthybadthBat

r

shield end. 8. A termnation or joint as clained in any one 25 of clains

1 to 6, wher atondbetorerand an electriedlllan conductive shield which
surrounds the dielectric layer and which has been cut
back to expOSe a length of the dieleétric layer, the

10 cable being terminated or the cables being joined within
an enclosure comprising a tubular protective sleeve
comprising an innermost stress grading layer h#ving an
at least partly resisiive character and extending from
the exposed conductor to overlap the or each cable

15 shield, a conductive outer layer electrically contacting
the stress grading layer at said overlap with the or
each cable shield, and an insulating layer that separates
the stress grading layer and the conductive layer in the
région between said overlap and the exposed conductor,

20 2. A termination or joint as claimed in claim 1,
wherein the insulating layer overlaps the cable shield-

3. A termination or joint as claimeé in claim 2,
wherein the extent of the overlap of the insulating layer
and the cable shield is at_leaét equal to the thickness

25 of the overlapping portion of the insulating layer.

4. A termination or joiht as claimed in any one

of claims 1 to 3, wherein the insulating layer has a

3

*

LY

i mum t hi ckness extending to the region of the ekpdsed cSndictor. 5. A \)'



L) «
si x pi~mes the thickness of the portion of the in ' | nner tayer
overlying that shie|d end. 9. A term nation wm’ rqemred in
one of*ctl & ms 1 to 8, wherein the conductive outer [u’mﬂeorme By
extrusion. 10. A termination or joint & claimed in any che S5 * of clains
1¢{9 9, wherein the stress grading layer has been fornmed by extrusion. 11.
erm nat i on. ofiFsitnpoxstiginmiofk substantially ounifigronaioimamaitis ckniessl 0

as dYependent on claim5, wherein the insulating |ayer has been fornmed by 10
extrusion. 12. ARVeFlIPRiMothe 9bierchiscable ngbiebdcbyi aplampupteiad t he

insulating inner |layer, the conductive outer |ayer, and the stress grading
| ayer are for nededSta®qudlefiulsaid adnimymthickness, azconfigupwisnati on

or joint as clainmed in any one of clajns to 12, which includes a quantity
of void filli ngs&&pm“ £°=|y*dc?5l é‘ﬂg &Y%@ﬁ#fﬁé%%?ésaﬁa thickpesseten the
region at the end of. the cable shield - 14. _A ternmpation or

t | 0i_nt ,
clainmed in any BR&Y S THEF TP (iaﬂﬁe?eiﬁ°?ﬂ%gBPBFeﬁpﬁgéngpgzégnhas
been applied byo%e%%ﬂgﬁéntially unifprm maximum’ thickness extending to

the region of the exposed conductor.

5. A termination or joint as claimed in any ohe

of claiﬁs 1 to 3, wherein the insulating layer is of
10 'uniform.thickness along its entiré length.

6. A termination or joint as claimed in any one
of_claims 2 to 5, vherein the outer conductive layer is
electrically connected to the cable shield at a distance
from the end of the or each cable shield at least equal

15 to the thickness of the po:tion_of the insulating laye#
overlying thét cable shield end and beyond the end of
insulating layer overlying that cable shield end,

7. - A termination or joint as claimed in any one
of claims 1 to 6, in which the insulating layer and/or

20' thesstfess grading layer each'overlap thé or each cable
shield by an amount equal to 2.5 times the thickness qf
the portion of the insulating inner layer overlying that
shield end.

8. A termiﬂation or joint as_claimed ih any one

25 of claims 1 to 6, whereih the overlap is not more than
six times the thigkness of the portion of the insulating

. inner layer overlying that shield end.'



-
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15. Atermnation or joint as clained in any o S
ein the protective sleeve has been applTed by )
termnation or joint, substantially as desc”mm F'ﬂj’ ﬂr of’ s .
E les 1 to 6 herein. 17. Atermn on or jointgs su _
herei nbef ore described with referenc o and as 39 |Ilustrated by t he ’>’;

acconpanying.drawgngs 1%;rﬂ&ﬁ§¥{59n1na?59ﬁgc%éggl e e& g@&go ?Lﬂt,;Q{

bet ween two shi el déd cables or Ion o

conprises SOoErEFbﬁhﬁglt l@Camerein | Ll Oboh gﬁﬁkgbBtoﬁEeEeﬁQgEF_ Yy W th

a conform ng encl osure at the resulting s joint or nation
i s as speci fhgdni BoRedOMy UxtahidiBnl to 17. The text of the specification
has been reproduced by phdtocopying the applicants original typescript. It

may contain-a fewlgnendmdymiti domiér djbiheuds ERaifadd inTRRyOond nal
typescri pt containing these amendnents nmay be inspected on the prem ses of
the Patept Cbfi ekaims 1 to 9, wherein the stress grading layer has

been formed by extrusion.:

11. A termination or joint as claimed in.claim 5,
or any one of claims 6 to 10 as dependent on claim 5,
wherein the insulating layer has been formed by

10 extrusion.

12. A termination or jdiht'as claimed in claim 1.
wherein the insulating inner layer, the conductive outer
layer, and the stress grading iayer are formed as an
integral co-ektrusion.

15 13. A termination or joint as cldimed in any one
of claims 1 to 12, which includes a quantity of void
filling material located between the.cable and the
sleeve in the region at the.end of the cable shield.

14. A termination or joint as claimed in any one

20 of claims 1 to 13, wherein the protective sleeve has
been applied by recovery.

'15. A termination or joint as claimed in any one
of claims 1 to 13, wherein the protective sleeve has
been applied by heat recovery. | |

25  16. A termination or joint, substantially as
déscribea in any one of Examples 1 to 6 herein,

17, A termination or joint, substantially as

hereinbefore described with reference to and as
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Xz; 1llustrated by the accompanying drawings.

o 18. A method of protecting and shielding a jéint
between two shielded cables or a terﬁination of a
éhieldéd cable, which comprises so providing the loca-

5 tion of the joint or terminatioh with a conforming
enclosuré,-that the resulting shielded joint or termi-

nation is as specified in any one of claims 1 to 17.

The text of the specification has been reproduced by photocopying the applicants original
typescript. It may contain a few amendments which are difficult to read. The original
typesoript conta.i.ning these amendments may be inspected on the premises of the Patent Office



