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present pesféreeddis tltermmtatltlualammmdn dersthbibloofredoetdvered stais, to be efzobstatislyl d when
‘the protue&"i“\ﬁé’s%?eét!"?ieﬂ'qng'tFﬁ'S‘t'%tlel‘Q?bt it is also 055| hle aI t hou h ‘not

essent i gl af';‘t“, t’f@';ne *gﬁ N e E i °°°‘@ ol i po e gy the
' ent ire l wtand ngeo % Héf gnd re s% g {‘ llrﬂé% s-b N
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el ectrical Eerishiges abaver i kVga resibtiva gtesss grading taber is reeferpivly providddnig whish eeseelibetknesss
of ufOt dhelsttm qra#mdaween 9 mstrhtm lavernr mogtoreferably bothrpapriapdherps eesh shipidends 20,
control P '}3 glle P%‘éﬁ'l gater;z *}‘i';qmyﬁf"t a"tS’f"" ejably poth the

t tl ayer angd the stress gra ing layér ove e or dend e requrr amount and
greater, the ins Iatl gsrvprefera y CO nses a central portion substantlally ur rm Cross-

GB 2 036,9 ing el NS b3 broVBNa) debcibiz 12 | ¥ Fequi red. For .
cabl gs car I’Dﬂeﬁ@bhﬁ ésﬁﬁﬁ%r teﬁd!sfﬁim’tﬁait OBy the Idﬁgthtbethaemﬁﬁihb{d to tﬁ)er
t he i nsuhaat prefgrablyfoz at foast’ as9poﬂitstle ngth iacemtin drilediandtsolie dlass gdingliabesstedes cr i bed

bel ow mfét‘efple!sh h ot theenglosure. ﬂqerabhstﬂaeat thatpa ef the sneﬁsueeeepremﬂaﬂslt ss

~ unif V% ?F‘Pf(ﬁﬁ‘bs wtighly y ‘i;‘ﬁ s%?—ﬂ‘it' °“9€?5 en ‘Hi?%‘?h' ?'é'le Vabl y %5%
~of i 55 V rpd s = f' @E:F ,@g e&gg o o
preferr aﬂ%: flhgr{dsgakg%' ﬁi%f 3’&1 r k! l os%ﬁ t:djl!en th ﬁy 30 _

recover edcrsauaat The thitkness dathemﬁﬁoafuzread raumgﬁaydn e tictdteo s&e&éxtéaﬂbyaha ng its
entire Irenugedtelecﬁnel propegies oftmq edntosmv rbm; in aénsal te n*perehmder Will @aveeahickness of

t aper.ed fio Gtr t‘""t he insul ati, uce a
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t he 3? ermost re xg nd we erl §§ %qur%g @eq Ia)(;eqnﬁ)es
not ext et %XP idt! %gﬁifm gﬁ &d bﬁ‘ ﬁj%ﬁéﬂ?x c&ﬁr@&fb %f ﬁhe eﬁds%f’tghe froma

| ar ger tetactasusenab aﬁpe‘dvmﬁofrﬁ&ns foe Makifgel@Brical contactibetween the taybratBlegicdlay er .
10 For cablaatdetwped the besk Yiading inaerdiostilayecdnd shercosductivedtentgydr mae be diecciazual | y
: requr40ednd1_mt the i nsul at|on Ia er theref ore over | a s the or each shi el dtday

an armug%ga tol?o(thga%ror p yer Trﬁ ég{? la ntac}gg le shlefd? _
Cross-s electrl th %@ ad %@Eﬁgﬁ é &lvg{at f Ss-'section o
porti on 44 mbtﬂé‘tn &b lapé}rt n‘nﬂt@teglb@f e¥rdile t Ne or each
cabl @gs hhr@r o&@ﬁh ou?d?d!y&r@ﬁfu@ﬁllb%gtt 5omb it dirdttl s@trical ¥ Gritach \Wabihapobsibilag 45

| east eqsithlat indirebtutectrioalchites snag be proddddiy wbraiuctivg meapers wakh fittamithermdsef the
Preferabd losur4§ucttheeltd!!ﬁesrdaayj°rlesamnlﬂah¢ Q'elal #repsﬁotmmd pérts fonied frpra sendyetive he

substantl? {!l‘ﬁﬁef'ﬂﬂﬁ“ ;"é gired. 19 hg; mm?ﬂgt ge %Etss% a a sﬁ I n the.' :
%&ﬁiu&% iy sﬁ% ﬁé?ng"i‘ |
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kn¥tivety sa€iSdoflucitl may besrsvigsaadi ng
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| ayer i swigh #fisfeainbifating ayerdedieptioﬁalm/a stedds grameg idhérimest 1&6r antl khe estléshses - gr adi ng
| ayer,- ovorpletediby9single cong everse’roumbegth thedednsulateg cbmumorsoverl ap the or
each %, el dTWaventrgUsqu trlawg y@g follpw Ref.emnc 15 Aed thgrjem gD _
oL e ra{ EREhem oA Ez,c ] Jrgtr?ft;t:’gwr and
the stregqy ?l f’ OF "€ac he required '
anount and |n addltlon the |nsu| ating layer. pref erany conprises a central
portion EXANBLENt i al |y uni formcross- section tapering.at its ends towards
the &@bl e shﬂélkbi sre!mias;pympm inFiggtes] wasdermed bitween tA6 15 kV polyethyldne catitdsy t he 60
stress @g “F'G?Z P°'Y°é'8/$°l“° 6‘9‘?&‘6?2 Ph‘@d%ﬁ-%ﬂ“?‘ﬁ@
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certaln

t he enclosure |rab y at eas e enc osure c¢ npr sing -
the stress grading | ayer should be of substantlally ‘uni f.orm ¢cross-section
along its length in the stable or freely recovered state, that is to say,

t he ratlo of the th| cknesses of the Iayers |s substantlally constant aI ong.
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Inits sinplest form for exarrp'le the ends of the enclosure may be -.':f-'j
profiled so that, on 40 engagenent, -both the conductl ve outer |ayer and T
the stress-gkadi ng i nner |ayer cont act the cabl e shi el d, and indirect.

el ectricgl contact.is thereby nmade through the shield. AI t ergeal2i 038 we0Ole =~ 5
ends’ qué[ me—encrosure nay Dbe SO arranged that the 1 nsul atr ng 1 nterned ate

| ayer. Term nat s Gt b!aclﬁo 2 cr?rffr%r’nghe screen d th{ 3r§£h¢§?t¥er%nﬁtg?§ Ut er yerfS fom &eﬁloih laver

al | owi ng t hGAL F GRITK qlidikity o Liifkeicn m
45 is that | 'wh%gﬁhaef@ﬁéﬁvﬁﬁ’{:e &&‘{Hagﬂ bxpdBR4 c \%uafofsvérgéi igdy o‘fq:@ o ol Uﬁts{ré%%-gradmg

menber s whi -@bingi26 was rdche@rsainaler tef splideao each esnivr@ed BuRd connk @f the SHite arfdor

exanpl-e, ?a)eomamedsitercalpisscr@n 2ﬁ@u¢adbeh apiece df Baypbem BRI insuletmiiaing 2T Az -y er i o
mat eri al s, rraaythw'meﬁésrméaﬂn eatres Y!t! ?‘é?f'ls'ew’ WW% the
el 1o DTS St i ﬁz:ssrfr“w% B
and 50 thr%eerra "r—‘tmrre iR Soo ¢ 9&‘6 o

each conteicb@’m gthbPin d@eﬂlemusrbn ég.newa@aﬁ ta&unﬁhsgumasmanar the .ﬁmtuagt i veo
sl eeve conp rawrzrzg alhdugh o isGlobsitde fotithefendth yithe owdér insiiating layesatdAl tangudtiny Byeradish
optional |y &engeroesiortegrthatithejnnerinsvlatirgtaveabinally o coppet eaid 38 aepopiticrelioveraimhntiveor -
may . be. pr ovF%I “W"?SH" mrfqrwwgﬁnsagsrmrmrh elg E?O"a'mﬁwti eifefrih? ‘I’ls?' ?%"3%*%3@"9

gr adi ng our i s repare %a & begw ecentre e 'cond %tl Ve15
layer- SUV r 09 Qén $ eww'l At 30

b cte the test se
|IIustrated. efo ovvlng exanp es eferencels made t herelntoth

acconpanyi ng dr avvr ngs in which F| gures 3 to 6 are diagrammtic sectional

el evations, not to scale, of different fdABBEDf shiel ded cable splices.
construct ed aceor di ng to the claimed invention. There are no draw ngs _
nunbered 1 or 2. EXAMPLE 1 6Qleiat ___ Al15 kv spl?ce as—shobpinFidue—3 was

formed between tyg 15 kV pol yet hyl eng.. fsahl es A@_q4g,9rrpr| A NYcR SOALQrcr"]

copper conductou\c?sqap R hy/Ghdiddene dielectric 2 1, graphite layer -
gr aphi.t e i npr egsmpss sMvahth hiayer 23, netal screen 24 and outer jacket (not

shown). The centef"&'l'a*'e@)ﬂwp"%onduct ors, %mre cri rrped and the screen 24 was -
cut back from t¥ETH& of the dielectric for a d°dance r Hiding frdHfe to 15 -
cm to expose t henpgrsapp test togpsR@owat ed cloth layer 23. The cloth |ayer

GB2 036 460 B steps ofd8 ke wtwapraietminatio? cm from the screen and the h| te -
|.ayer ext endi ng"BYERFLH from the TIVh | ayeP as rentVdd. A g PMtity of
epi hal bhydrin sbeess- gradi ng mat eri al 482k as desgkv bed i nasBrvr ti shaPrd ent No.
1,604,612 was l.i ed oyer the crinp and_exposed conductors, and a |ece of
Raychem stressalé}g F U ng 26 was<P-888ver ed%89Er t he<%d P‘Fce §8-5tPRat it
confornmed to the cont ou3c5kvof t he splt@gpend 5<o0.8yper | appe@lsbdae cablse,cscr een
24 at each end. A piece of Raychem BBI T i nsul ati on tubing 27A of 5
recovered wal | Hﬁ?%( gg , ‘havr ng g%l une. ‘;%sr stivit of at Ieas [err]
ohm cm and a Ieﬁ%ﬁ' eq HEE 't hat of Efaaﬁe stres® gradl ng ‘%éu%l ng weEthen '
recovered over DEeé(gtress gr adl ng | ayexkv26, fobdiowmed by @Ky ece af kRaychem
CES“dfial extrus r}}atubl n 27 The du%J ext rusi on_t ubi ng congrr sed ap inner

i nsulating IayelP "Ralfi i ckness abb®PC3 mm &RE an oui%r Peonduéd Ve

pol ymer | ayer of wall tmoa&ness ‘aboutp.d9c 0.7 vgpc The |lengpd of tdaecdual
extrusion tubi n&} y@as egtu tapti, X the sane as that of the insulating 10
layer 27A al t hopwG o & p-ﬁg‘% "BfsPY or the length of the outer insulating -
| ayer and/ or comskuwermgudramr to be |moger or sbawter thmskihe i mpaw :

i nsul ating | ayer Fl nal | a CO er braid 28 was positi-oned over the splice
so that it was EEI mre@ HBerment With the outer conductive |ayer of
t he dual extruaa,e,rhat. raggovan&cum also in contact with the cable screen 24
at each end of athe splice. - Fsokv spl i c8 kwer e pradphky ed i 10N Ch the
di stance A" bet &0 {atb Qﬁ@fsgc he splice and the 15 screen 24 was’
vari ed between E%@ i% 5@@ repasgébj ect epqsgeg t he t,eisgd SequUSRLR shovvn
in Table I. TABLE J0| nt after2s9 -

Test : - A—18cm A—14cm Adeem A—12cm

AC- st ep tesh 19 breakdovvn steps of .5 kv each.nmin. termination flashover

occurr edygt {1) The discharge extinctiohvBitdo¥ is measurePesin§'an ERA dischhrae d¥téctor. A 50Hd&z AY - 20
1 mpul se st'epote@fal is bishlifd RIKLTRNEUCcEHr Bitth@potdliakiy ratted\@itiackiGity T’ Gtbrivéd) THd paten fial &F
occur ed at : then reduced uBﬁlGdesponse of fha@iskharge magnituds s®.%KpC and recdiiBd ksth©Estherge

45 kv : ext@&'d('wc'tagf o t : -f &79 kv Di schar e/hatt 25 vt grs and '
<0 5 pC @;ca elis e 5 ecr (1 eating curren -
S5 po2s itheng o oo ) ;%fﬁawe%ﬁeg ?vxf*y'éerfrﬂ'mao'"weawrtﬁh?%j""a' 2 .

cycles (2) - " passed passed passed : passed DEV (1)
42 kv : 20 kv o 40 kv 19 kv, _



Di scharge at 25 kv ~ <0.5 pC 3 pC '<0.5 pC 20 pC.

30kv- <0. 5pC : 15pC . < 0.5pC. - 100pC AC-step test
to breakdown steps of 5 kv each min. Term nation flashoveroccurreﬁ. at:

100k ‘110kv ' 105kv © -110kv I nmpul se step z8S2 d3e bg(e@kdovm
st.ep - T me vccorTetat \/
190 kv 210 kv 200 kv 190 kv Loadcycllng 5/3 hrs [err] Eﬁ tkv
under 26X 05 c‘}/c e%‘las ass ' ass . 1 passed
after 2 le?v(%g%fa bleandan BV erl LY 'E‘i?f laore4 % e IS
reasur Rt é 'fp erl f i s

appl i®dsHeatn Qnﬂ@&dﬂ&&&&ﬂn&@ﬁbﬁrﬂﬂ&eﬁ@ér&ﬂ& aldrh miuﬁl ffuﬁén% d'dRdat Tmédd\éhéatfh | S 5 -
obser ved2, cibtretapdngatuivirdiunm foil 31 evere aéibeze €b axpdsie labdult 6 cimas the paser dbuldtiba 3dj schar ge

nmagni t uek a varnishsd midndane aﬁemwdmeasroumhda!ngMu la;wtpamtnsujmomdbbagmt (2)

The cabF'ls °F‘%°fh aper 't%‘at'wefwg G"‘t"@ rB‘FdP V polvethylane eableywasArepdredur r ent -
: f or {d Vg;l gﬂn ﬁg W1ass ﬂr arou L‘f. Cﬂm w OSF%¢ntea|lhélg%H£U?tiSﬁE¢ P% q%Ch
Cyc' € V‘é ﬂ‘ ?t@dr hﬁ §°773§?. covere
6v ﬁﬁc&rea e%mw hwafelsbsrmg SIBévie 38 wWa8 H&Bvem%v rQhdTE

C ri rrpr N pagetigildrer cabla Gnd:cﬁfmld!mrbmﬁudtfn tabirdg BEIN okiBS prevérnit BilackkpgH of 6l tiyth arae

i nsu wmne"vamh-etnted_cwm\brmp%was arplindaverthesplitesoainat 8 manin dectrigalgur e 4. -
The {Jipé‘?"“?ch‘%’ﬁ'l' thedagd %T@%WWP%H‘%‘%WMMQHt?d'ERSQ'G‘F"e*’Z‘QM qbther i nsul &8 on

| ayer BWVﬁ@Wﬁ?ﬂﬁFﬁ'ﬁbf gad o, eath{:{’a ,gnd a cloth tape (not shown)
“bet ween t hé A AT RS ‘I"'G Hd Ieeae % " [ead sheath 5 32, cloth
tape and alumniumfoil 31 were cut back to expose about 6 cm of the paper -
i nsul ati on 30, and a varni shed nyl on tssen33 was w apped around the o
aluminiumfoil and paper insulation, to prevent the end of the paper '

i nsul at i ofesk  OM becom ng unygimpped. The 10 kV pol yet hyl ene gabl e was s
prepared™asS OeSCrTDed Th Exanpl € I, SO that 6 cmof the dielectric was
. exposed. #kveps, hatimhydrin stresmsgdadi ngast® voipdssed | | i ng passedr i al Bassefhs
appl i ed aror,.t d the crinp and pieces of SCITM stress-gradi ng tubing. 35, 10
BBI T i nsuj &g Y {Poi$%g 36 and CES dual extrusion tubing 37 wanuf act ured by
Raychem vvere recovered over the cable as described in Exanple 1. A

pol yet hylmﬁécsﬂammcélpéwe 38 was recovered over ,the -paper,,i nsul at ed,, cabl e
end of th¥5@¥HP® Gkt rusion tubing 36 in order to prevent any |eakage of oil
~fromthe gaklgc ugdsfdunal |y, a tin-plated copper braid 39 was applied over -
the spliogwaerthat it was in elNcbreikdan d@r 2005howet Wit h the | ead sheath 32
of the paper -insulated cable and the netal screen 24 of the " 15

- pol yet h\éxene |nsul ated cabl e. Fi ve such-j oi nts were subj ect ed to' the test

' PL :
. > eq u;d‘lc AN lﬁl s%ltce ;omt-I;éEtlf = I I o‘Ie %1 t@atween two 10 kV ca%‘ ggrg ng an
alumrmum conauctor 40, cross-h o;gethylenb dielectri A-@onguctm ia % rgﬁ
con g%i;:g

passed screen & facket 44. The 0 ormed byQﬁrﬁ néﬁ&f& S
Load cy @elsBigi-can@bcting idfbr 4, slr% w&tﬁ&két 4 aé okoh A\he dRNlAg to leaviBbOEt BT T .
No br ealksposea dididceic 42005 hours EXAVMPLE 3 20 . A 10 kV spli ce joint as\A
showtP i n FiAjkang OBsomtlfetnaMGZdJe@Welwdtom tt!ﬁ@nhvf fbaﬁﬁfmsom ilayerdp thhe 25 :
al uni ni aﬁrcgammg ﬁwd&tgﬂﬂeﬂbgw Pfg‘?‘ikéﬂa 9&5’!’\9 "B‘;t' Aiing 6 -
: ?gpﬁegomg@e&dﬁ odl Fg ¢ Qg t e ng%%tgg% %&t{‘%w d?hig% taﬁz&s en43.§g£d\§ mg f
h
sem 3@0 HFeTrédlﬂerl tﬁé’ﬁfesﬁ&adu&qmﬁlﬁ‘d‘fo aJsl% e fro :?e‘ée m%hehmuﬁlhﬁtrdifoawm

to | eavmbatgmstcoﬁpasmghh usmpmgeﬁhedlaedreﬁduo@dtﬂahve aliver layer so tifat thecembifedd@aiduct | ve
. pai nt 4 2ckness of gtercedreexﬂeﬂtuthng and dhedfisuating bmvttbemmmngv ubipgwasia? leastd the
25 adj adé’n‘t '?etf 'S‘F"‘*?Srfé"lfr eétftcﬂ‘c/\tﬂp WHCOP&P hsgid ger %[815 %’%P“mmeﬂ T

“epi h ‘r‘bé't?r {f wep e pripgt ufith Ted,
'gfl)ugé('j gé of the Tﬁfe an§0 fi 195 gﬁs rﬁftg ﬂﬁr sghca s? at ove{ladzge g@ €
. recover

%er.ambatsprﬁp,otn eré m.eeﬁdsoﬁé tetstaehswrhh mn&merl apped the rret al
screen 43 of each cabl e. A

TABLEW

Test o geimt 12 T g g
“DEV (1) L 20kv . 18kv  28kv - - 20kv
Load cycling 95°C’ 30kV(2) S S ' C :

but under 25cm water - No breakdown after 338 cycles
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pi ece of Raychem BBIT insulating tubing 47 of the same length as the strg
grading tubing 46 was 30 recovered over the stress grading tubing foll
by a slightly.shorter piece of Raychem dual extrusion 30.tubing 48 _
corrprl sizng an insul-ating inner. layer and a conductive outer degeo3gasolmt 7
Q; et War I~ TNl CRNess Of LNE recovered BBI T tubl ng and the fnsulati ng
Iayer ~of t?gmgy extrusion tub| ng was at least 1.2 times the thickness of
the dielec t_reAbveragec gt ru % qnscreeln 49 was he"ral 05|t|é)ned
_over the d%tall?&&ér”ﬁt i ns Qf: thl I:tca ja d %m Ii'c-;ga galfﬁ'éﬂ's? hi th
the cable &@éreemazé%y@fszeaﬁ. Bristhg insI3tid Hogifi d.é?m:)né(r o1 15 BKSS 50 |
was recdveteatorisingb sﬁéb@-g%ingmersnwttmtwab?enﬁéf@d e‘épﬂﬂ ab Q)v(‘e% réh beam Padigtios ket
44 at eachcresdining arvkexgqrisioc @ndeFlmaat toiad extianga raBiqdfi3cet . Jrothtully MEdvered bdhdRiGh, ed
t o t he t esths wal thigknessestianshevaripys lavaLeEﬂ inim fwthe conductive outer layer, 5 mm for th@i nt

1 ingu Iz;itmg intermedi t1e layer and 1 mm for th -gradmg layer. The conductive layer hag@ K/
\:/ngt IE<:\r/ 10 ': . §§Stan62d? o "g%e%i? I@}:@?g?& QE Es - '?ﬂ?('g;v A 1oh d@fn Z5cmg
' joint fhs

na'alq’:sr@duét@g o$a cabl EXANPL E
4 A heat - r eatmgbasidi hecwwiewdsdn dadh Biliesf t &ﬁgﬁ\%r@dﬂ; tanBE16F 6. T1f éRSanabPiditing

Fi gure 6 cenvusire@ds positadedxiventhejonedniahiunk dynaybyhiatihg Bichitisdt i@ réovelsttubivg Nl gh
car bon lgoa s 94’ eqehr M\qeontaurs efdln%blhyan#maemrmmaetwhlt ptra fond preithg

i nsul at'ed ﬁ'ﬂﬁ § fé?few%?jz‘ac’f‘a‘(ﬁ”éﬂ Fsa}?hé?'% he puterdqveryz) of the
conpri si ngo itgévﬁgor@) Y%‘*XE cz:tl uu% ag'oss he |qin Fé?ﬁf@'?%’lﬂ'“ﬁg‘ate"‘g?ﬁ‘\'emgﬁﬁ@ by
el ectron beam radiati on TR A8 Expansi on under heat to an -
expansi-on EAMRLEE 3.5:1. In the fuI ly recovered condition, the wall

t hicknesses f Jhe plogedusrof Braspleayigrepeatert eenployitig s bouxtrudea tibe md&i@dn\lﬁaeomiﬁnng

| ayer, 29 nisvérepd !mtqmms’hettns et} Aftes theduliechaebden pxnandeddheliayeroffhot métheitheeiveds
stress-gr %hgq:ﬁﬁ '""vﬁ@s'éa‘%efeeﬂhwbp -dyeas cheifferantsiiseansipnsarg rradusecin ttis of

1000 ohm cff™ shailsoeipg pgfol had a volume resistivity of' 5 x [err] ohm

cm 10 ~and the stress-grading layer_a specific resistance of err] ohmcm
10- A 5-8 kV'in-line cable joint" wﬂ%%red%mgfﬁpl ng t"rfé“ ehtral .
conductors of a cable and cutting en 55-omeach side of -
the crinp for h distance of 6 cm Th®2expanded %&i nting enclibsure was
p05|t|oned oveﬁ the joint and shrunkggpwn by hggfing such that the
recovered tubing confornmed closely to the contours of the joint and was in
contact with tHe central conductors @&#d the 1512§h| el ds on @8ther side of
the crinp vm't'h' [err] cmoverlap on+ each shi The out e§ | ayer 51 of
the 15 enclosurfe was then electrically connecté to the cable screen 55 at
~each end of the enclosure by neans o6.8&ires 562 order to provide earth

continuity acrgss,.the The procedure of Exanple 4'is
repeated enpl o dgim ﬂ'sfh%wmag Q: 55 aﬁaw ng an inner insulating 20 |ayer
and an outer GRRMURkIREo @Y Edble shfelds brelclbabik i HaBDESENRHRANARM tb Bieing BYET
of hot 7Bl leastdhiembsanditom shididap sl st neai DintHLe fdr AIbES NEE 11, 8 tobtAAGndhbs folabdstiD 25

Tubes of dbdd¥reahat nlistrEhipthes for abe medcnye!d of the tdbasorﬁtatbhjm 4 mipindle evetlap of

bei ng as f 8ieltehgs ontExaaRISiE is provider A fojiqw ENGTH DI AVETER
DI AVETER | 1.8 inches {4.57 cm} for tube I, 2.7 inches (Ggg )1fortube i, 1.7 mct@s gl 32 cm) for tube lll 2.6 14

T inches (6.6 cm) for tube IV and 18 ugaes (4.06 cm) for Tbbv ' | _ 16 111, .
0.40° 30 Examdte® = =0 16 Lv. -~ : ' ~ 0.675 0
2.225 ‘An 8.7 l\BinVne splice joint was prepared by crimping the cenGaI&Enductors oftwo 2 AWG ( Al ?

di mensi ons shi¢idagrcables hraging an ethyérepyapylBed insulatiom s cagpeatapometaifieshiskbind aPCddckies.
are cut baé@@hﬂmwadwawa%%bﬁkﬁwar?éémfanétheewérm 1t*6mc"i° gestre pf %crmpeaase 3
I nChes |e shle l'@mss gr le e‘:%u tubi m'tplmgg“: ve .
met 180 e ge.rat. & A naa ﬂnﬂ,‘tﬂ Qﬁf;gf oo a@a V.35
On reCOVervéPihe ligikt ah &l Toﬂtota elcﬂbl@hﬁ:s%nmbmgm QH&F. rmdibes :
ont o each afemeiedoﬂassmwaieabasm‘a dd@d\Rcovered diameteest abdut 371. tms)exa‘mmedumle 1, _
2.7 i nchesth(cﬁnesofnht) infutating (alper wig 0.48 cih and thatof tr(eznoa@cm)lavaastaaw 0l1l qm. The 6

t n Vi 0 teq t h ields byyra 0§l gt pRer braid
:E;](Zrl\]/?’i E 6 E:Ii%‘nx ﬁﬂﬁ%%ﬁé’)gdwng arﬁ sglgga’:gégr cﬁ%ﬂg{% tlge ndi gf?tht;E brallgto the exposed 40

of the shield at each end of the tubing. A uantl sealant was then applie the end of each
30 An 8.7 &vej&ketagtgaéﬂtérq’@atr ﬁ?q 5?, Q/jﬂﬂ(re% vehsd p&g IIJ} ? ‘1 _
conduct or s~ of i8s fAftk 16 e?&utﬁ'ﬁaYéerbgciﬁd?ttﬁttﬁ“ e.a&mcmxaben&d

i nsul at4a)nbe|a~mm5,e&tmetmba&émwnmaekdj and a PVC jacket. Each:cable.

j acket was Mvoulificdrias K The cable2is eaplaaertbyta# ONWE tablefof the tdme ennbtratior. he centre of
the crinp Modification@[The duabextrusion tobingladaiiensthxaf A2 9%, and jan expardsehinsernal dipmster of -
appl i ed t oSt Eahiopbiaiqekenivas dykbaskfne 28,P cwaet theshield I5 18-Sy fom the genip gfthe o
Raychem he§'™fecoverabl e dual extrusion tubing having a conductive outer

35 layer, an insulating inner layer and a quantity of hot-nelt adhesive on-
the inner | ayer was positioned - : . : : '



/? : , _
'&r the joint and recovered onto it. The dual extrusion tubing had a
gth of 42 cm an internal dianeter of 3.6 cmand a ratio of expanded to
recovered di aneter of about 3:1. The expanded wall thickness of the~_. |
insul&in %I ayer was. 0.46 -cm and that of the conductive | a§@r2 @38 ABOOBIt 081
cm The 4 out er conductive |ayer was connected to the cable shields by

W appi Ngnaaik&REH SR cable WA RpfaSiaibs ' 586 Mct 6AduEd! dakie Wi WiFabdGrahGCOVE s
t ubi ng. aM;ﬁ'(ﬂr&ﬁfdkéH}c:)Weﬂﬁﬂemp ulhg’it ﬁnﬂ@dﬁgtﬂap:;h b@eﬁw@w&lszt' geve;ﬂagse part
of the shield at each end of the tubing. A quantlty of seal ant was then

applied to the end of each cable jacketaseo/ an outer heat recoverabl e
protective sl eeve wasrggiecovered over -the splice. Three of the .above splice
joints together with=Three each of -the three m)dlflcatlons descrl bed 45
bel ow were subjected he tests shown i n,

45 Modification 1 Thgbgaﬁ)l e was repl aced by a 4@‘6 AW gs qar eof t he sane
construction. I\/bdlfl?éﬁvmigﬂfﬂs dual extrusion tubi nﬁ; had a length of 47
cm and an expanded (BtEPMER di ameter of 5MNp bsgkdopnepfiasheye | acket was' cut
‘back for 25 5 cm andgslaemtebpi for 16:5 cmfromthe centre of the crinp.

8 o for 6 hours o . No breakdown or flashover . G
2 036 460 B - 8. |mNb ev ﬁaayté) &43 The cabl e was repl aced by a 500 I\/CI\/I
copper conductor cabl"®WtR {%048d strand® §¥,reen crosslinked -

pol yet hyl ene ‘i nsul at iggRy Dextegaﬁded i nsul ation screen, wire shield and PVC '

j acket. TABLE |V Te'sP°'E§E¥/f°Q’1§ mins. o No breakdown orfflaghdver (for <. 3 pC -

di scharge) 35 kV AC féadbRiidg1d®kv 1 m nute . .. No breakdown or

fl ashover 25 kV AC atz1@feiéssgy ] for 6 hoursN‘J breakdownorflashover -No breakdovvn\)
or flashover |npulse voltage- test. (4) 95 kV 65 kV DC negat ive polarity
for 15 NNOSES: - | No breakdown or ‘flashover Loadcycl ing 12.6 kV 21 '
cycl es (5) (4) The test voltage applNdmlgseaIZd(ﬁQm@tosécbedszeawmﬁl‘tEstvsue of 95kV.(4) The
test vol ﬁaglée F‘@&%@%‘"Tu'ze%@f!whﬁ? sitjve guctregativRagiaritha a crest val ue
of - 95 V smtc slueéﬁ’? ralse theco dE Fig @rateure 3 and dur ’f%a
negat i ve &8 'ida{e Hobrs on‘?lﬂtt‘orm stufflines RSt Oht AC sotentiGUBE 1 £8 K0 X8t

cycl e'Q agkaeltd-groundtfw fled ¢ nluawyt ABnd thé s.ttmﬁz h@unw At ﬁu hd 6¥128 R{cidslal iomé Yy@s
“i nduced erersabjedted th @ndtidn 00 @bgativd Al 42 BV (66%0 &rigifabtest|levamfbr dSi minagst he -
second 1 6 [fbefigthehsamplesaksotding ta mogificatiorut were ethiscteddo si'@rtanmteeﬂts in ghich\@h
pot ent i apssynetlios gV piter aﬂ'"%‘“t"ﬁh%‘*mwa prpled fory ‘?&? siexamined.
i am

T TRy e B g
j L °' oot B '""ru %Esﬁ’ é”%ﬂf’g f?&‘f"" aﬁecaaneot.mo&za% etval 65'°050f

ori gi nal frt).aatesl teza c)n (@t is. L'énomaswaers d.ameteefot wnr& by S8 83¥igA8d) IHE Rirds Reret O
nodi fi caheavet id aivfor eneioty] using euffidient sUnent to Edisech dondiestr eniperaniie w9020 +a333ymat ric

5 kV g| t thenaithinghree mirates fram stbphing the sursgop Weescsubmergdd3undgrcll fo of water- Thie . shiel d
was €Xanfepuence was @Peatt?ﬂ 459 tﬁ“‘fs@l"ﬂ the P"ﬁ%‘s frihep F@!%dk“v?'%t Y A6 foad Q:ii\dr ent 4/

4 kv vas “ﬁtttﬁe. o Jggg ok @efm i ﬁse%,:;:?fsmg,ees; P elsdseie fateela |

sanpl es pas P& one square inch (6.45 sq, cm), h%é hE@HJenQLt t hé\/"
above unimeih 'Jaﬁ@adh@h@&f&hé/}ehﬁAlI fh‘élidﬁr 1 &séﬂﬁwﬁn bﬂa‘ékdﬂﬁ)ﬁ'onﬁhsﬁ&epm er
di ane?®er uﬂfcatirrgomt thebitternal s2alidg 6fiThd biraiill pRyerld BloRWrd Tt rﬁahtteedthaumlt er for 25

whi ch t hegmeged cabieipckeefbm erfdviog theiareesf thecennkamned in air for one hour using

- sufficient c‘ﬂi‘P Feafler spgjentian airawido ey saRRrting At’@'ﬁﬁ@f’ﬂ'ﬂ%ﬁ‘ﬁz B2PI2418n4 82.32%t hen,
within th‘f"é‘é ?ﬁcﬁ?ﬁaé'gclﬂ“b'ﬁta?f’(ﬁb%‘?chﬁ‘aftﬂe current, ‘were subnerged under 1 ft.
of. wat er Mss 20 .sequence was repeated 49 tines and the. joints were then
subj ego eé: to, 35,hilél\efef&cftrﬂrﬁl chblBteAinGtichdHa smélddaToit Betifeed fVo eleetridhitbiess . Al | dohe
j Oi nt's pagerih thd drikachalic RalsHioraed ddctrichiabe v@prising d carailttga atbtattn@wdr hiich
t oadi ng @frraunds tﬁocqntiw:mandtthtgmasamoemacUMposea lepath SEthaporgiticiorcandagr ess
into the‘“’t’)‘i"'hft"\/c P‘§'V? Ehﬁ'd wRish sugpengs the dtﬂ‘?ctfhéﬁvsfamé t9‘h hass:eam@bacatq)ne

. squar :?5 cos mc mpr cﬁ ecn eys% ecfa'HéBﬂ“%'&t'“"i‘art?dg’ S }"%C dithinang 5

end o ekl e e % i rtsgmgt

i ndi cati B el Rting | rJvmemn iy tmd%&ts 2 |
that has eemtoameeh.éldnbm@hmanta.?iiadaﬁﬁge heBidkrRsy ol HeQortioh BNthERERStinG Bydrne area

. of t he comarding thehcablBlshield ead] end wherdin eedtiichconsactiorehunvden ti@Ltondustiveriitenyer
Appl | ¢t iapththe Reesich ‘eplezbigidlnmagde @t Bpoirs 20 1B cable ehieldiatacistince Bioroithelead ehthe| at etD -

" subj ect - "E ﬂ'l'e'd atieastoguatty the thicknegs of sheportion gbthe atingilayen overlyingahat 638 nat i on

or a sh| ; Bs bdtRed lnefuld b SRl aRlshsis graal Cibeh 1G 00r each -~
cable is eﬁchsc e '@&:hf ot 'ﬁ?' Ltsegrsa?ﬁgqﬁﬁeﬂ?m ot %ﬂ 'tﬁdwiiﬁ S%gtric
Iayer4 &m‘j’ ounds the con uct or and whi ch has been cut back to exposag,a .

| engt hr of t he conductor, and an electrlcally conductive shield which
surrounds the d|eIectr|c Iayer and mhlch has been cut back to



ose a length of the di eI ectr| (o Iayemmn g terninated or the
cxpl es being joined within an 35 encl m rF a protective sleeve
rising an insulating inner |ayer an8 a®cdnduct |sve*out er 35 | ayer -

el ect r i8cal | y connected to and overl appi ng the or each cabl e GBgheedab 46ba 8
conductive outer [ayer being.spaced fromthe or each cable shreld by The

| nsul at i NGodiREEn 3 MBIk Wab RBiabdtidy aHidoMici 3Yplr QKB bl e :
shi el d_byscasan ami'umeﬂindeeéa?f BElARlon {eReridbA e @Aﬂyaﬁan‘# &'i{gf"g% Qfaa
insul ating |ayer overyling that cable shi el d end, and wherein eI ect ri cal

connection between the conductive outerTAgygav 40 and the or each cabl e
shield is made at a pgiggt on the cable shield at a distance fromthe .end of
the 40 cable shield atrteast equal to the thlckness of the portion of the
i nsul ating | ayer over i that cable shield, tion or joint
as claimed in claim 1bt}lncl uding a stress grad| n§f°12<3«§c Flmﬁe n the or each
cabl e and the insul at mﬁW‘@‘!ﬁO Hghe stress gwadl ng | ayer being electrically
connected to the or ef& cabl e shiel d. ™Ne breakdown or flashover

45 8 - 25 kV AC at 60 Hg

GB 2 036 460 B 8 I\/MBﬂwwatlon 33 The cabl eNoaxsakdewnl aa ¢iesholer a 500 MCM
copper conductor cabl strand screen, crosslinked

pol yet hyl ene i nsul ati g Fﬁ{% tgs(ik?ﬁsul ati of°&¥reen, wire shield ‘and PVC
jacket. TABLE |V Test GDEW Tnpgative 7.5 kV (for <.3 pC

di scharge) 35 kV AC aPe!@ly 8 188ins1 i nute  No breakdown or flashovexo br eakdown or
fl ashover 25 kV AC at L&fdcydliing 1.6 Bv hour s " No breakdown or .
fl ashover | npul se vol 2aggciésasy (4) 95 I\ vhsakdbwh'or N&dadrve pol arity for {"’“
15 m ns. No breakdown or flashover Loadcycling 12.6 kV 21 cycles T
(5) NOTES No breakdown or flashover NOTES. 5 (4) The test
vol tag | 4 dherest valtapezpweswam é#@s&@mmémmangg aceptegue 9EASKY. of 955

o a1 37 ) S e x%i B

| ast ed f Ogecerl s th E&J&brrt dtire fetdin raﬁtbleﬁlu A@ b&@ﬁna%m% (%%mes

i Nduceé® t ghastosgoinapwapElsdlcontinuBUEladurhg!the ehtite 2| Eydiek. Atftith dit bi TWcytlBEalSaIBRNA O
1 6 hour swerasubjestmsiitc bunther D pegativeipaentiot af 42 Y (6566 cfiwtiginal test Idvel) At 1Sotiautes. al  of
12. 6 kV (2.5 Fivp fustherisgmp ﬁwerdtnei me@iﬁmyowayea i&@eﬂ toghart m%@?'y'W‘?Mg the

anot has- %s?%f& *'%%J@Yé«%gggxxg b 5%?‘:% mégf%‘f"féfv SpRked to

m nutes. Fi Veodrlef ihb8hove aRH d%sﬂc@ , namda A GaBlek RéVink aWRLRr dbtétedred t o
short ci rfeam t.66@52.9 cintithatis, (bbloaﬂheﬁé‘sﬁwlﬁrﬂdtd} for vdméhaiet/ereruaﬁngrrug) Thejbiatdtwend 4 KV
was appl i edteddn aifdfér anpbberaising suffidient srret © raisesthesanduciordemgidratare t¢ 90°C 1 5tGandher
assymgly i @3@U"kv t'HP! inytes frag SB’GP'F'@FTF ca'tfefﬁ' wepe Mg‘eéﬁtﬁim@ﬂ’ ftof V"_F.E?' d' €l es and

h d memapd we é bjs\ﬁt for
15° Four 3%?& it %fg', gt %ff’ﬁﬁ oy %“59(25

havi ng an OUErﬁ"E L E i ﬁecsmnl, zoda (.48 shhpNus R toabhe &
di anet er inarthskabjadkbraay eahendiaahqaiad)w tﬁﬁhﬁmjsBbsswwmmﬂ)rmab\etdorlﬂﬁsmhé’r for

one hd¥ gérnggshgffh?tefmw sealing eﬁ%be bt:;év?lt;ememtghgmmduchasrentemmmhw e to 9@8
+ [err] a pablejpckpy from entesiaa ther g (COPHeSHAH th ent

subner ed, g e s gen o prcopprcing dgplatiors e SLRB 44T A8 PR and
the joi nt §"er e en su ec eg" lf’ FERY AC for 1 mnute and 20 65 kV AC
for 1 5 ntpaimes. All the joints passed with no breakdown or flashover,

i ndi ce@@ ng t Hah skiyldéd eleckrizaktiablg tephinatich dr @ishitidedjoihtbetivgdn twoleleatidal chbles, not - 30
cause noi zvbenele th pwsablntsc sb|hleleql eiﬁcnmcal @h!esommnmnm atdeettbcmq quwmqtrm
joints aff‘é“ ﬁ’:ﬂq; " ;

cabl e | ac B8 rf;e@ B ‘1'&9*‘31’6 wm m%ﬂ;ge@

br ea kdﬁm os k B’Ysﬁfga actvdblh ,n.g.s i. a.dg@ﬁ.srna ra f} 35
joint wl iay&reﬁiﬁiaillymnﬁﬁtwﬁah a&enhaﬁng&n& 6 ath iab leQHIGR, e cahd

j acket fr epacedfrant thagr éah&ca:leeamem‘bytthanmnngtat/ermheré'dn&aeﬁnsaldmg ls/eadivbean‘snmmrl S

drawn to eash celdpshiald pypnaplntcdtepsequalisthe s@k@@sefzne pantibrg? tEGERting aven
descri %be ayRviipe H‘PhﬁaP@lsth'éG"% a%;ebqre'wa'ﬁfé?a' con fgyeen the congductixe Qp{piIAYeE

e e R e I e

cormr l SiNg 2 2 ARGIHHaBn or it ag LIBRIeE trccnéuamerncmhg:éktfew §radIRAISydr Baweansl6d Or

and whi chedtasatiesra thihsulAig lay6r, 0¥ Pesse gidding RYéribeing elebiBcatlpuhdedtar to thard eaoh

el ect r45cakdbie sbiekiduct i ve shiel d which surrounds the dielectric layer and 45
whi ch has been cut back to expose a length of the-dielectric |ayer, the

cabl e being term nated or the cables being joined within an




R 3

35 enclosure conprising a protective sleeve conprising an insulating i n

| ayer and a conductive outer 35 layer electrically connected to and

over | appj ng* the or each cabl e shield, the conductive outer. | ayer bei n '
spaced. ffomihe or each cahle shield by the insulating Iaveﬁ 2938 efqulshe 9
|nsul ting layer overl aps the or each cabl e shield by an ampbunt at | east
equal To the thisctkmessionbr jbilnas pliried onciah 2'[\h&réuﬁlﬁﬂlsﬁisbdilhg.ba%rlweflydsi ety

t hat cabl e redistied ehampdr. and wherein el ectrical connection between the
conducti've . ut‘%r“ ‘P' ion oy jointfg daipaedde claipch Wb%i“é“W@lgﬁdi“s '%’dé‘eféﬁps a'eﬁa‘?“ht
on the cgbl 93‘ tt $§ta§ ti'tnoarrp tpeeof%{a] sQlfto4 in wh he lnsu tin eran or 5
| east equalthgsqreg?g Bieknas K»f’tagtasp b} B SrhSUA E tﬁ%ﬁ” ,"?
overlying thigiessping pshb.ebfdhean@aauag m&er 176 GvERA dgmtgt.ew &Md) as clarne |
claim 1, incl usliAtgninaibn egeintgs aldinteg irl dny otie dfelainicinodwheddin haoteriagizinet radsrd the

i nsul at i,ng thampixtimes the thicknessof the ackitiomofitasinsulaied inger Elyeroiverlyinglthay shigdherslct ed t o
t he or eQC h 457 Atgryigatiomprdeipt as claimed in any one of claims 1 te 8, wherein the msulatmg layerhasa
45 9 substanttal y uniform wall thickness along its entire length.

B 20 3 6 4GQB 8.A termtnattonboréomt s '3'rmne1d jnany o (g rclajirrbsI 1ntP heé?'" fhﬁg d)tqcﬂve ﬁh 5[(1 s 2.
wherein the sty aSSmifaigh HJoihtth efhinted .rpa‘ny aﬁe $ieRfMs 1PB13! Jvueréue%ﬂnwﬁsurahaé RfdrCr .

4. A ter'Si rthie@rotetivg sieind haaa fifsk portiRCb EubstahGdllfumforniiiRinm tHidkRess bveRisspiny taél rrgs
| ayer over [oapashichide shield by aplametind at [Bast equal to Said Minjresmrthickbésara contiguoisisecand

cl ai med i n Pafign efrﬂsacbtpﬂvcwmaﬁ*eg thickpesg to nrw'dmtreqﬁ ctmt@' Pmmoat'wws thayeqm%tm!/ or

5 the stres¥ Iy pkng @ﬁteBQ}@qtp

amunt eaua), 5?% T o o W Lev g R Bp 3R Agiog e By

i nnes” | ayer OVey, A)férﬂﬁhafnmr j&th'agl:ldmﬁaﬂran§oné°afEﬁfn{§‘1Q§§|opfb Whedef! thd m%tt% I%H?Edp _'
i n any one naé bexh fdrimed By éxfusion. Wherei n the overlap is not "‘nore than six tinmes

the thickness b2 Atteraninaton eraeinta claimed inrew baet of nlglmsnrte n1 Jvetgeain ﬂnvmnuycmgoathat

shi el d end. 'aVEU;%“':f‘;’WSdP\V ?l"é{ﬁﬁ?'h'at |eon or o&fnt %s S in a? O
\?\/L?: nfhl CL(?nn%t la}flré:egt]:gn??s En‘fultersfe’:am %q;i %ss gAalﬁ g '§ rles(s.a#3 are omﬁd?%ngléw egral

claimed in any1¢P W:t‘ergtﬁnaﬁér%rrmm%s I:lgmléd m%f[)ﬁéd?cl%% 1p(5 Qg %‘Iidh\{ﬁ:hﬁbé éﬂuﬂnﬁ@ of

tubul ar.  9yoidalifg Hateddl lo@4tedbotivednihe (ble @hAIhB B evelTh 18 hegidR Bt 195 eridl AtraTatle $HeId, ~
wher ei n I%he | NTE A térfitiriation of fintlagyisined r anpbnedi elaipisatte ¢4 ivihereth theprotebive staevel r530
portion of hesikeshapliedibd rgcayaryf or m i ni.num t hi ckness over| apping the 15 or
each cabl e shj t-& teypinstiongrinintes ettamteétmw empépiam 1§aﬂ§whemwmhvrpwmﬁb§~se a

cont i guous hed hoat rg¢ov ncr th| Qi de
Ciresd roﬁ?%%mm G i e A

t hi ckness qit@sd g;,ghgg; ngﬁga,g@,mg e expose uct or.

term nation or19, AinfithcaSf Srlotectingthnd sh.ahag dolat bethedn&wa srt.med&bmm ag&rﬁ:diaﬂgt ofa

| ayer has Ishielded @bh‘sahté}(borripyseem pragdiogthe location of the joint or termination with a conforming

20 1 1. A teetlerureathatshe wsulfingishieldadiotok eri terenination ia aysnevitieddn anyloap ailaimg btogl &or
,\ﬁ’wher ein the insulating | ayer—has—been—formed by extrusion: 12. A

ter

nat i on OfrintddCir er Masstve |S@io® (btfitelby 318 \Loulh) Eres) fLea@iholth I8, 1h83t Butiidhedlty thalPREnEbiiRke,t NE

conductive outer |ayer *hBE"peEa ﬁ““‘f’"&‘r'r?@ﬂ’ WA % o0 P ffopies mgy be obtained. 13 - A
termnation or joint as clainmed in any one of clains 1 to 8, 10 or 11, .
wherein the insulating 25 inner Iayer' t he conductive outer |ayer, and the
- stress grading layer if present are formed as an integr —Eextrusion.

A termnation or joint-as clainmed in any one of clains 1 M“ll‘m“‘
~includes a quantity of void filling material |ocated betwggpnﬁﬁg
the sleeve in the region at the end of the.cable shield
termnation of joint as clained in any one of clains 1 to 14, mhereln the
protective sl eeve 30 has been applied be recovery. 16. A terntnatlon or
joint as clalned in any one of clains 1 to 15, wherein the protective
sl eeve has B&en applied by heat recovery. 17. A termination or jOInt
substantially as described in any one of Exanples. 1 to 6 herein. 35 .
18. Atermination or joint, substantially as hereinbefore descrlbed wth
reference to and as 35 illustrated by the acconpanyi ng draw ngs.. 19. A ,
- method of protecting and shielding a joint between two shielded cables or a
termination of a shielded cable, which conprises so providing the |ocation
of - the joint or termnation with a conform ng enclosure, that the resulting
shielded joint or ternmnatioon is as specified in any one of clains 1 to 18
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