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SPECIFICATION S -
Enclosure for cable termination of joint

- This invention relates to enclosures for terminations and joints for electric_él cables. _
‘When a continuously shielded high voltage cable is terminated or spliced, the shield is removed for
such a distance from the termination or splice that electrical breakdown along the surface of the

‘insulation from the exposed conductor to the shield cannot occur. The removal of the shield causes

discontinuity of the electrical field so that there is severe electrical stress at the end of the shield. In

order to relieve this stress and so prevent failure of the cable insulation in service, a number of methods

have been proposed to provide stress control by resistive or capacitative effects, for example as
described in U.S. Patent No. 3,396,231, and British Patent No. 1,434,719, the entire disclosures of
which are incorporated herein by reference. : : - :

According to the present invention there is provided a shielded electrical cable termination or a
shielded joint between two shielded electricat cables, wherein the or each cable is a shielded electrical
cable comprising a conductor, a dielectric layer which surrounds the conductor and which has been cut
back to expose a length of the conductor, and an electrically conductive shield which surrounds the
dielectric layer and which has been cut back to expose a length of the dielectric layer, the cable being
terminated or the cables being joined within an enclosure comprising a protective sleeve comprising an
insulating inner layer and a conductive outer layer electrically connected to and overlapping the or each
cable shield, said sleéve optionally also being provided with an innermost stress grading layer preferably
having an at least partly resistive character and electrically connected to the exposed coriductor and the
or each cable shield, the conductive outer layer being spaced from the or each cable shield by the-
insulating layer, wherein the insulating layer overlaps the or each cable shield by an amount at least
equal to the thickness of the portion of the insulating layer overlying that cable shield end, and wherein .
electrical connection between the conductive outer layer and the or each cable shield is made at a point
on the cable shield at a distance from the end of the cable shield at least equal to the thickness of the
portion of the insuiating fayer overlying that cable shield end. o '

Preferably the extent of overlap is at most six times the thickness of the portion of the insulating
layer overlying that shield end, and is desirably 2.5 times the thickness. .

it will be appreciated that reference to layers overlapping does not necessarily imply that the
layers are in contact.. o _ : :

Preferably the coriductive outer layer is electrically connected to the or each cable shield at or
beyond the end of the slegve corresponding thereto. o o

The insulating inner layer is preferably formed fromt a material with appropriate electrical

o properties including discharge resistance, permitivity, and high breakdown strength and may c_:ompﬂse
for example a polymeric matrix having dispersed therein if necessary a filler to give enhanced electrical

properties. :
Polymeric material suitable for use as the polymeric matrix may include resins comprising, for

example, polyolefins and olefin copolymers such as polyethylene, polypropylene, ethylene/propylene
copolymers, and polybutylenes; substituted polyolefins, particularly halogen-substituted polyolefins
such as polyvinyl chioride, polyvinylidene chloride, polyvinylidene fluoride, Teflon* 100 (a polytetra-
fluoroethylene manufactured by DuPont), Teflon FEP (a copolymer of tetrafluoroethylene and }
hexafluoro-propylene manufactured by DuPont) Teflon PFA (a copolymer of tetrafluoroethylene and
perfluoroalkoxy moieties manufactured by DuPont), Tefzel* (a terpolymer of ethylene, ' ,
tetrafluoroethylene and a fluorinated monomer manufactured by DuPont), and Halar* (a copolymer of -
ethylene and chiorotrifluoroethylene manufactured by Allied Chemicals}); polyesters, particularly
segmented copolyester polymers such as Hytrel* (segmented polyether ester copolymer derived from
terephthalic acid, polytetramethylene ether glycol and 1,4-butanediol manufactured by DuPont); and
polyurethanes. : - : : o ' : g : : .

 Other suitable polymeric materials for use as the polymeric matrix include elastomers comprising,
for example, copolymers of dienes with olefinically unsaturated monomers such as

. ethylene/propylene/non-conjugated diene terpolymers, styrene/butadiene polymers, butyl rubbers and

copolymers of dienes with unsaturated polar monomers such as acrylonitrile, methyl methacrylate, ethyl
acrylate, vinyl pyridine and methyl vinyl ketone: halogen-containing elastomers such as chloroprene
polymers and copolymers, for example neoprene {chioroprene) chiorinated polyethylene, -

chlorosulphonated polyethylene and Viton* (a copolymer of vinylidene fluoride and hexafluoropropylen_e
manufactured by DuPont); copolymers of olefins with olefinically unsaturated esters such as elastomeric

_-ethylene/vinyl acetate polymers, ethylene acrylic acid ester copolymers such as ethylene/ethyl acrylate

and methacrylate copolymers and particularly ethylene/acrylic rubbers such as Vamac® {a terpolymer of
ethylene, methyl acrylate and a curesite monomer manufactured by DuP_ont_); acrylic rubbers such as
polyethyl acrylate, polybutyl acrylate, butyl acrylate/_ethyl acrylate copolymers, and buty! acrylate/ _.
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glycidyl methacrylate copolymers silicone elastomers such as polvd:organosrloxanes dimethylsiloxanes,
methylvinylsiloxanes and methylphenyisiloxanes, fluorosilicones for example those derived from 3,3, 3-

* trifluoropropyl siloxane and carborane siloxanes; elastomers polyurethanes and polyethers such as

epichlorhydrin rubbers. :
Blends of the above mentioned elastomers and resins. may also be used. Partnoularly good results 5

" have been obtained using polyolefins, olefin .copolymers and blends of olefin polymers. -

" The insulating inner layer is desirably, though not essentially, formed from a substantially track
resistant, and preferably non-tracking material. By “non-tracking’’ there is meant a material which is
resistant to the formation of dendritic, carbonaceous, electrically conducting deposits on its surface:
under the influence of high electrical voltages Suitable discharge and track resistant material 10
comprising anti-tracking fillers.are described in British Patent Nos. 1,041,503, 1,240,403, 1,303,432
and 1,337,951 the entire disclosures of which are incorporated herein by reference.

Preferably the insulating inner layer has a dielectric constant of from2 to 6 and a volume

' resnstlvrty of at least 107, preferably at least 102 ohm cm.

. _The conductive outer layer may comprise a woven or stranded metal braid but is preferabty a Iayer 15
ofa polymenc matrix having a conductive filler dispersed therein in which case the enclosure may
further comprise a woven or stranded metal braid positioned about the conductive outer layer. The

polymeric matrix may comprise any of the polymenc materials listed previously, or a mixture of such

materials, and the conductive filler may comprise metal particles or a conductive carbon black. Suitable

o/
o

carbon blacks may be chosen from among those currently commercially available, for exampie; types 20.,)

HAF, SRF, EPC, FEF and ECF. Partlcularly good results have been achieved using an electrically
conductive polyreric composition as described in British Patent No. 1,294,665, the entire disclosure of

~ which is incorporated herein by reference. The conductive outer layer preferably comprises from 10 to

70 more particularly 10 to 20 e.g. 15 to 17, parts by weight of the conductwe f‘ ler, based on the total

~ weight of the polymeric matrix and the filler. 25

The conductive outer layer preferably has a resrstance of less than 5 x 10‘ ohm om, and most

" preferably less than 100 ohm cm.

The enclosures of the present rnventron may be formed by urging the protectlve sleeve into
conformmg engagement with the cable joint or termination to be protected. By conforming engagement
is meant the property of a material to follow closely the contours of an underlying substrate. Such 30
conformmg engagement may be obtained by the use of a sleeve that comprises elastomeric or heat
racoverable materials, or both. In order to eliminate the possibility of undesirable voids between the
sleeve and the surface of the termination or joint, the surface thereof and/or the inner surface of the
tube may be coated with an appropriate void filler such as a grease or heat activated adhesive, sealant
or mastic. The enclosure may, if desired be formed in situ by bringing successive tubular layers - - 38
sequentially.into conforming engagernent with the cable termination or joint. Laminates of the tubular
layers may also be used, and, in one preferred embodiment, the enclosure comprises a unitary
tubular article having an msulatmg inner layerand & conductive outer layer. fFor the avoidance of doubt,
the expression “tubular layer” in this specification doss not mclude a structure formed /n sitv by _
helically winding a tape around a substrate. : 4
Where the tubular article is elastomeric it may be urged into conformmg engagement with the
electrical apparatus by simply pushing it onto the electrical apparatus, the elasticity of the article
enabling it to conform closer to the contours thereof. In another embodiment the elastomeric tubuiar
article may be “held-out” ina stretched state by an inner or outer hold-out member which canbe
removed or displaced, the elastnc stresses released thereby urging the tubular article to recover into 45
conforming engagement with the electrical apparatus. In a still further embodiment the tubular article

-may be bonded to the hold-out member and the bond weakened for example by solvent or mechamcal

treatment, to permit recovery.
Advantageously, however, the enclosure compnses a tubular artncle whrch is drmensnonally

recoverable, and preferably heat-recoverable. Usually these preferred articles recover, on heating, 50

towards an original shape from which they. have previously been deformed, but the term “heat-
recoverable” as used herein also includes an article, which on heating, adopts a new confrguratlon even

- if it has not previously been deformed. In their most common form, such articles comprise a polymeric

.material exhibiting the property of elastic or plastic memory as described for example, in US Patent

2,027,962, 3,086,242 and 3,957,372. In other articles, as described, for example in British Patents 55 -

1,434,719 and 1,440,524, an elastomeric member is held in a stretched state by a second member,
which upon heatmg. weakens and thus allows the elastomeric member to recover: The entire

- disclosures of these specifications are incorporated herein by reference. The insulating inner layer and
‘the conductive outer layer may each be independently heat recoverablé, or orie or both of the layers

may be elastomeric, provided that the sleeve as a whole is heat recoverable. - - 80
“In contradistinction to the tubular articles which have hrtherto been proposed for the protectron of

cable terminations and splices, the enclosure of the present invention can if desired be formed so as to

have a substantially uniform cross-section along its entire length, at least in the stable or freely ;

recovered state, if the enclosure is recoverable, thus enabling the enclosure to be produced by relatively ;"

inexpensive extrusion methods Thisis a conslderable advantage over prior art designs which frequently } 656

/
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require sophlstlcated mouldmg operatlons Although less deslrable, the enclosure of the present
invention could of course alsd be made by other methods, for exaniple: mouldmg or casting, as
appropriate. However, the preferred method of production is by muitiple extrusion of the layers,
followed if necessary by treatment to render the extruded product recoverable. This treatment may
involve, for example, cross-linking by ionising radiation or by chemical cross-linking agents, followed by §
expansion, for example using differential gas pressure or a mandrel.
Earth continuity is provided across the cable termination or joint by connecting the conductmg

- outer layer of the enclosure to the shield or shields. in order to connect the outer conducting layer

10 .

to the shield cr shields, the ends of the enclosure may be so shaped that the conducting layer is brought
into direct physical and electrical contact therewith. Alternatively, indirect electrical contact may be 10
provided by conductive members which fit on the ends of the enclosure. Such members can, for '
example be metal straps. or moulded parts formed from conductwe polymeric materials, which may,

if desired, be heat recoverable.

Electrical contact may instead be. provided by wrapping a metal braid helically around the

-conductive outer fayer and connecting the end or ends to the shield(s} for example by soldering. ' 15

- The moulded parts may, for example, be annular members having grooved faces adapted to fit

'over the ends of the enclosure, and may advantageously be provided with an internal coating of a

sealant, for. example a mastic or hot melt adhesive, to give environmental protection to the ends of the
enclosure. Naturally where the mouided part is employed to provide electncal contact, then any internal

. coating of sealant is electrically conductive. 20

In some circumstances, as previously mentioned, it may be found advantageous to provide the
space adjacent to the exposed electrical conductor, for example the region surrounding the crimped

- central conductors of a cable joint, and/or the space adjacent to the end of the shield, with a void-filling

material in order to minimize the possibility of breakdown due to ionization of air in any voids, Such a
material may be a grease, for example a silicone grease, a mastic or a hot meit adhesive. The void filling 25
‘material may have electrically insulating, conductive or semi-conductive properties although, where it

- has semi-conductive properties, it does not in general exhibit a significant stress grading effect since it

is generally applied in localized areas. A particularly suitable void-filling material is described and

claimed in German Offenlegungschrift No. 2,748,371, the entire disclosure of which is mcorporated

herein by reference. - 30
The invention may find apphcatlon in the termmatlon and splicing of high voitage cables operatmg

- at voltages up to 15 kV, and even higher e.g. up to 40 kV, or 72 kV in some cases. At operating voltages
~of up to 15 kV it is usually possible to dispense entirely with the provision of further stress control

means, so that the insulating inner layer is in direct contact with the shield and/or the exposed

conductor although the invention does not exclude the possiblility that further stress control means may 35
be used. For example, at higher operating voltages e.g. up to 40 kV or up to 72 kV, it may be desirable

to provide the enclosure with an inner layer of stress grading material which, when the insulating layer
overlies the or each cable shield, may have electrical impedance characteristics which are resistive or
capacitative, or a combination of both, Preferably, however, the stress grading layer has an at least

partly resistive character and extends from the exposed conductor to the or each cable shield. Preferably 40
the stress grading inner layer is semi-conductive and comprises a polymeric matrix having dispersed

therein a conductive filler, and especially carben black. Suitable polymeric materials and carbon blacks

for use in the polymeric matrix include those listed previously. The amount of carbon black in the stress

grading material will depend to some extent on the type of black used and the polymer matrix, but
- preferably the materlal compnses from b to 1 50 parts by weight of carbon black, per 100 parts by 45

weight of resin. "
Alternatively there may be used as the stress gradmg innermost layer a composition havmg non-
linear electrical resistive characteristics, for example as described in British Patents Nos. 1,470,501,

1,470, 502, 1,470,503 and 1,470,504 the entire disclosures of which are incorporated herein by

reference. In place of the polymeric materials listed previously, the stress grading innermost layer may 50
comprise a fluid coating such as a mastic, for example as described in British Patent No. 1,626,397.
The stress grading innermost layer preferably has a specific impedance in the range 107 to
10" ohm cm, for example close to 10° chm cm, measured at a frequency of 50 Hz. The stress grading
layer used in the closure advantageously has a D.C. resistivity in the range of 10'° to 10" ohm cm.
Since the resistive stress grading layer when present extends from the exposed conductor to the 55
or each shield when the protective sleeve is installed it is also possible (although not essential) for the
stress gradmg tayer to extend along substantiaily the entire length of the sleeve. Also, it has been found
that it.is possibie thersby to dispense with other forms of stress grading such as stress grading cones,
allowmg the entire sieeve to be formed by relatively inexpensive extrusion methods. '
The relative thicknesses of the insulating inner layer and the conductive outer layer will be dictated 60
to some extent by the required electrical propertles of the enclosure, but in general the insulating layer
will have a thickness of from 2 to 15 mm, preferably from 3.to 10 mm, and the conductive layer will
have a thickness of from 0.5 to 5 mm, preferably from 1 to 3 mm. It has been found that for electrical
cables carrying voltages such that an insulating layer thickness of up to 4 mm is no longer suffi cient,
additional forms of stress control are. necessary. 'Thus for cables carrying voltages of 15 kV orgreater,.a ©5

e
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stress grading innermost layer is usually requrred For cables carrying voltages of 35 kV or more it may
also be necessary to taper the insulating layer to a point adjacent the end of the shield as described
below. Preferably, however, the insulating layer is of substantiatly uniform cross-section for at least the
central 60%, and most preferably 76% of its length. For cables carrying voitages below 35 kV it is most
preferred for the insulating layer at least in the stable or freely recovered state, to be of substantlally B
uniform cross section along its entire length.

" The invention, however, also comprehends the use of a tapered portion of the msulatmg Iayer to
produce a stress cone adjacent the or each cable shield end, although such tapered portion preferably
does not extend beyond the cable shield, and merely provrdes a “step” from a larger to a smaller cross-
saction portion of the insulating layer. - - - 10

For cables up to 15 kV, no additional stress gradmg layer is usually requﬂed and the insulation
layer therefore overlaps the or each shield by an amount at least equal to the thickness of its
substantially uniform cross-section portion, Preferably, the substantially uniform cross-section portion
of the insulating layer includes that portion averlying the or each cable shield end, and therefore the
insulating layer overlap is at’ least equal.to the thickness of the insulating layer at that point. Preferably 15
the overlap is from 2.5 to 6 times the thickness of the substantiaily uniform cross-section portion ofthe -
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 substantially inform cross-section portion. :

For cables above 15 kV, a resistive stress grading layer is preferably provided. in which case either
the stress gradmg layer, or the insulating layer, or most preferably both, overlap the or each shield end 20u’
by the required amount. For cables of 35 kV or more, at least the insulating.layer and preferably both the
msulatmg layer and the stress grading layer overlap the or each shield end by the required amount and
in addition, the insulating layer preferably comprises a central portion substantially uniform cross--
section tapering at its ends towards the cable shield end as previously described. - .. -

Preferably the stress grading layer extends for at least 60% of the length of the enclosure and .28
most preferably for at least 75% of its length. In certain embodiments the stress grading layer extends
for the full length of the enclosure. Desirably at least that portion of the enclosure comprising the stress
grading layer should be of substaritially uniform cross-section along its length in-the stable or freely
recovered state, that is to say, the ratio of the thrcknesses of the layers is substantially constant along
the length of the stress grading layer and the general conf‘guratlon of the cross-saction is substantially - 30
unchanged. In most cases the stress grading layer will be centrally disposed along the length of the
enclosure. The thickness of the innermost stress grading layer, will be dictated to some extent by the
required electrical propertles of the enclosure, but in general the innermost layer will have a thickness of

from 0.5 t0 4.0 mm.
‘The stress grading lnnermost resistive layer and the conductwe outer layer are requrred to be in 35

electrical contact at least after the enclosure is conformingly engaged with the electrical cable

‘termination or joint, and this may be achieved by an appropriate configuration of the ends of the

enclosure or by the provision of means for making electrical contact between the layers. Electrical
contact between the stress grading innermost layer and the conductlve outer layer may be drrect or
indirect. -  40.
" Inits simplest form, for example the ends of the enclosure may be profiled so that, on R

engagement, both the conductive outer layer and the stress grading inner layer contact the cable shield,
and indirect electncal contact is thereby made through the shield. Alternatively the ends of the
enclosure may be so arranged that the insulating intermediate layer terminates just before the :
innermost and outer layers thus allowing them to come into direct electrical contact. Another possibility 45
is that indirect electrical contact may be provided by conductive members which fit on the ends of the
enclosure. Such members can, for example, be metal straps, or moulded parts formed from conductrve
polymeric materials, which may, if desired, be heat recoverable. .

The invention may be applied to the _protection of termination and Jomts of shield smgle phase and
three phase electrical cables. When used with three phase cables, each conductor may be provided with ‘50
an enclosure comprising a protective sleeve comprising a conductive outer layer, an inner insulating :
layer and Optlonally a stress grading innermost layer-or alternatively each conductor may be provided
with an inner insulating layer and optionally a stress grading innermost layer and the enclosure
completed by a single corductive layer surrounding the three insulated conductors. . _

The invention is illustrated by the following examples. Reference is made therein to the 55
accompanying drawmgs in which Flgures 3 to 8 are diagrammatic sectional elevations, not to scale, of

" different forms of shielded cable sphces constructed accordmg to the clalmed mventron There are no

drawings numbered 1 or2.

EXAMPLE 1 : PR ' '

A15kV spllce as shown m F'gure 3 was formed between two 15kv polyethylene cables . 680
comprising a 50 mm? copper conductor 20, polyethylene dielectric 21, graphite layer 22, graphlte ' '
impregnated cloth layer 23, metal screen 24 and outer jacket (not shown) The central copper
conductors 20 were crimped and the screen 24 was cut back from the énd of the dielectric for a
distance ranging from 9 to 15 cm to expose the graphite rmpregnated cloth layer 23 The cloth layer
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" -tubing 26 was recovered over the spiice so that it conformed to the contours of the splice and

15

20

25

was cut back to 2 cm from the screen and the graphlte layer, extendmg _beyond 1 ¢m from the cloth layer

-was removed. A quantity of eplhalohydrm stress-grading material 25:as:described in British P- ant No.

1,604,612 was applied over the crimp and exposed conductors, and i:ilece of Raychem stress-grading

overlapped the cable screen 24 at each end. A piece of Raychem BBIT insulation tubing 27A of .
recovered wall thickness 4 mm having a volume resistivity of at least 103 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. The dual extrusion tubing comprised an inner insulating
layer of wall thickness about 3 mm and an outer conductive polymer layer of wall thickness about

0.7 mm. The length of the dual extrusion tubing was substantially the same as that of the insulating 10

. layer 27A although it is possible for the length of the outer insulating layer and/or conducting layer to be

longer or shorter than the inner insulating layer. Finally a copper braid 28 was positioned over the splice
so that it was in conforming engagement with the outer conductive layer of the dual extrusion tubmg
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 12 and 18 cm, and were subjected to the test sequence shown in Table

TABLEI
| doint 1 2 . 3___ 4
Test . ' A=18cm . A=14cm A=13cm  A=12cm
Ac-step test to breakdown '
steps of 5 kv each min. ]
termination flashover : -
occurred at: 110 kv 105kv.  115kv 110 kv.
‘Impulse step test to braakdown ' _
steps of 10 kv + wave termination : _ ' -
flashover occured at: 200 kv 220 kv 210 kv 210 kv
DEV (1) . 45 kv 3B kv 35 kv 37 kv
Dischargeat25kv - <0.5pC  <0.5pC <0.5pC  <0.5pC
30kv - <08pC  <0.5pC <0.5pC  <0.5pC
Load cycling 75°C 30 kv : _ - o _
applied, 126 cycles (2) passed . ~ passed ©  passed passed
DEV (1) - ' 42 kv 20 kv -~ 40kv - 19kv
Discharge at25kv - <0.5pC . 3pC" <0.5pC - 20pC.
' - 80kv.  <0.5pC 15pC - - <0.5pC 100 pC-
- AC-step test to breakdown steps o ' '
of 5 kv 'each min. Termination C I : o
+ . flashover accurred at: - © 100 kv 110 kv 106 kv 110 kv
Impuise step test to breakdown - ' o |
steps of 10 kv + wave )
termination flashover occurred. T _. : : :
at: L 190 kv 210 kv - 200 kv 190 kv
Loadoyoing 573 hrs 75°C, 30 kv o
under 20 cm water 305 cycles © -passed ° - passed falled ~ ~ passed
. . : . after 259 :

cycles

Notes: . ' ' '
{1) The discharge extinction voltage is measured using an ERA dlscharge detector A B0 HertzAC 20
potential is applied to the conductor and the potential is raised until activity is observed. The potential is
then reduced until the response of the discharge magnitude is 0.5 pC and re'corded as the discharge
extinction voltage. -

(2) The cable is heated to the specrfued temperature by a 30 kV heating current for five hours and
is then allowed to cool for three hours during each cycle while maintaining the conductor of a potential 25

of 30 kv.

15
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EXAMPLE 2 : '

. An 11 kVin-iine splrce joint was formed by crimping together the conductors of a 10 kV cross-
linked polyethylene insulating cableand an 11 kV paper insulated cable as shown in Figure 4. The paper
insulated cable compnsed 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 8 cm of the paper insulation 30,
and a varnished nylon tape 33 was wrapped around the aluminium foil and paper insulation, to prevent
the end of the paper insulation from becoming unwrapped. The 10 kV polyethylene cable was prepared
as described in Example 1, so that 6 cm of the dielectric was exposed. An epihalohydrin stress-grading
void filling material 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 1. A polyethylene sealing sleeve 38 was recovered over the
paper insulated cable end of the dual extrusion tubing 36 in order to prevent any leakage of oil from the

- cable, and finally, a tm—plated copper braid 39 was applied over the splice so that it was in electrical

contact with the lead sheath 32 of the paper msuiated cable and the metal screen 24 of the
polyethylene insulated cable.
Five such joints were subjected to the test sequence in Table ik

TABLEN

4

10

15

Tost _ ~ Joint 1 2 - 3 4 . 5

45 kv AC, 1 min. - passed passed  passed  passed . passed

+/= 140 kv rmpulse _

10 shots . | . ') 1] . e . . .u. .

Load cycling, 70°C 20 kv o _ - : _
125 cycles {3) _ - " o " 2 .

20 kv AC under 25 cm .
of water No breakdown after 2005 hours

EXAMPLE 3 :

A 10 kV splice joint as shown in Figure 5 was formed between two 10 kv cables comprising an
aluminium conductor 40, cross-hnke_d_polyethylene dielectric 41, semi-conducting layer 42, metal
screen 43 and jacket 44. The joint was formed by crimping the conductors 40 together and cutting back
the semi-conducting layer 42, screen 43 and jacket 44 as shown in the drawing to Ieave about 6 cmof
exposed dielectric 41.

A band of conductive paint 42a was applied over the end of the semu—conductmg layer 42 and the
adjacent part of the dielectric 41 and, after a quantity of epihalohydrin stress grading void filling
material 45 had been applied around the crimp a piece of Raychem SCTM stress grinding tubing 46 was
recovered over joint so 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 gradmg tubing 46 was
recovered over the stress grading tubing followed by a slightly shorter piece of Raychem dual extrusion -

~ tubing 48 comprising an insulating inner layer and a conductive outer layer so that the combined wall

thickness of the recovered BBIT tubing and the insulating layer of the dual extrusion tubing was at least
1.2 times the thickness of the dielectric 41. A tin-piated copper braid screen 49 was then positioned -
over the dual extrusion tubing 48 so that it was in electrical contact with the cable screen 43 at each

end of the splice and fi nally a jacket 50 was recovered over the splice so that it overlapped the cable
jacket 44 at each end of the splice. -

Four identical sphce joints were subjected to the tests shown in Table Hll.

TABLEW

Test o goimt 4 g o Sogreg
DEV (1) o 20kv . 18kv  28kv - - 20kv
Loadcvchn995°630kV(2) o I - |
but under 25cm water - No breakdown after 338 cycles
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: EXAMPLE 4

* A heat-recoverable coextruded tubular 5—8 kV joint enclosure as shown in Flgure 6 cornurised a
radrally outermost layer 51 compnsnng conductive high carbon loaded polyethylene a radially
intermediate layer 52 comprising insulated modified polyethylene and a radially innermost layer 53 :
comprising a stress-grading layer. The tube was rendered heat shrinkable by electron beam radiation 5
cross-linking and expansion under heat to an expansion ratio of 3.5:1. In the fully recovered condition,
the wall thicknesses for the various fayers were 1 mm for the conductive outer layer, 5 mm for the
insulating intermediate layer and 1 mm for the inner stress-grading layer. The conductive layer had a
specific resistance of 1000 ohm cm, the insulating layer had a volume resnstivrty of 5 x 10%3 ohm cm

-and the stress-grading layer a specific resistance of 10'! ohm cm. 10

A 5—8 kV in-line cable joint was prepared by crimping the central conductors of a cable and
cuttmg back the cable screen 55 on each side of the crimp for a distance of 8 cm. The expanded jointing
enclosure was positioned over the joint and shrunk down by heating such that the recovered tubing
conformed closely to the contours of the ;omt and was in contact with the central conductors and the

. shields on either side of the crimp with a 2} cm overlap onto each shield. The outer layer 51 of the 16

enclosure was then electncally connected to the cable screen 55 at each end of the enclosure by means

.-of wires 56 in order to provide earth continuity across the joint.

- EXAMPLE 5

The procedure of Example 4 is repeated employing a coextruded tube having an inner msulaﬂng
{ayer and an outer conducting layer. After the tube has been expanded the layer of hot melt adhesive is = 20

- applied onto the innermost surface of the tube. Tubes of different dimensions are produced in this

fashion the details being as follows:

EXTRUDED . EXPANDED LENGTH

DIAMETER  _DIAMETER
Lo | 024 08 I TS
. S 030 10 .
me | 040 125 .1_6"
SV, - | 0.875 2225 18
Y o - oss 28 -

~

(Al dimensions shown being in inches).

Before installation the cable shields are cut back such that the dlstance from shield to crimp is at
least 3 inches and from shield to shield at most 9 inches for tubes | and i1, at most 11 inches for tubes lll 25
and IV and at most 10 inches for tube V. On recovery of the tubes onto the joints a minimum overlap of
the tubes onto each shield is provided as follows:

_ 1.8 inches {4.57 cm) for tube I, 2.7 inches (6.86 cm) for tube i, 1_ 7 inches (4.32 cm) for tube lll 2.6

mches (6.6 cm) for tube {V and 1.6 inches (4.06 cm) for tube V.

EXAMPLE6 © - . o R 30
"An 8.7 kV in-line splice joint was prepared by cnmpmg ‘the central conductors of two 2 AWG

~ shielded cables having an ethylene propylene insulation, a copper tape metallic shield and a PVC jacket.

Each cable jacket was cut back from 23 cm and the shield for 14 cm from the centre of the crimp and a
small quantity of Raychem stress relief compound was applied to the crimp and at the edge of each
cable shield."/_-\_piece of Raychem heat-recoverable dual extrusion tubing ha\_/ing a conductive outer 35
layer, an insulating inner layer and a quantity.of hot-melt adhesive on the inner layer was positioned
over the joint and recovered onta it. The dual extrusion tubing had a length of 42 cm, an internal
diameter of 3.6 cm and a ratio of expanded to recovered diameter of about 3:1. The expanded wall
thickness of the insulating layer was O. 48 cm and that of the conductive layer was about 0.1 cm. The
outer conductive layer was connected to the cable shields by wrapping a length of tinned copper braid 40
helicaily around the recovered tubing and soldenng or clamping the ends of the braid to the exposed
part of the shield at each end of the tubing. A quantity of sealant was then applied to the end of each
cable jacket and an outer heat recoverable protective sleeve was recovered over the splice.

Three of the above splice joints together with three each of the three mod:f‘ cations descﬂbed
below were subjected to the tests shown in Table IV. - - - 48
Modification 1 The cable was replaced by a 410 AWG cable of the same construction.

. Modification 2 The dual extrusion tubing had a length of 47 cm, and an expanded internal diameter of

5.1 cm. Each cable jacket was cut back for 25.5 cm and the shield for 16.5 cm from the centre of the
crimp.
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© CLAIMS

———

N

- Modification 3 The cable was replaced by a 500 MCM copper conductor cable with extruded strand
screen, crosslinked p_olyeth_ylene 'insulation, extruded insulation _s_cre’en‘, wire shield and PVC jacket.
- . TABLEIV
. Test ' o
DEV(Y) | 7.5KV(for <.3 pC discharge)
35kVACat60H3 o .
for 1 mmute ' o No breakdown or flashoye'r _
-25kVACat60H3 . : o
.for 6 hours o .. .. No breakdown or flashover
Im_pnlse v_oltage test (4) 95 kV '
65 kV DC negative T
- polarity for 15 mins. - No breakdown or flashover
Loadcycling 12.6 kV - SR ' _ \)
21 cyelea (5 -~ Nobreakdown or flashover
NOTES o B ' T '
(4) The test voltage applled wasa 1.2 x 50 mlcrosecond wave havmg a crest value of 95 kV. 5

. Samples were subjected to 3 impulses of both positive and negative polarity.

- {B) The joints were subjected to 21 cycles each. Each cycle lasted for 24 hours. During the first 8
hours, sufficient current was induced to raise the coniductor temperaturé to 90°C + 5°C, and during the
second 18 hours the conductor temperature returned to ambient. An AC potential of 12.6 kV (2.5 times =
phase-to-ground) was applied continuously during the entire 21 cycles. At the end of 21 cycles all joints 10
were subjected to another DC negative potential of 42 kV (65% of original test level) for 15 minutes. o
' Five further samples according to modification 1 were subjected to short circuit tests in which an
assymetric 5 kV alternating current at 4 kV was applied for 16 cycles and the shield was examined.
After this a further assymetric 30 kV alternating current at 4 kV was applied for 16 cycles and the
conductor was examined. All samples passed with minimal visual damage. - 18
Four of the above unmodified splice joints were installed on cables having an outer drameter of
from 1.65 to 2.4 cm (that is, below the cable diameter for which they are designed). The joints were
heated in air for one hour using sufficient current to raise the conductor temperature to 90°C + 5°C and
then, within three minutes from stopping the current, were submerged under 1 ft. of water. This

sequence was repeated 49 times and the joints were then subjected to 35 kV AC for 1 minuteand . 20

65 kV AC for 15 minutes. Alf the joints passed with no breakdown or flashover, indicating that cyclic :
loading of the joints with high current does not cause moisture ingress into the joint. s A
This test was repeated on the same joints after a one square inch (6.45 sq. cm) hole had beéncut - '
into the cable jacket at each end of the joint. All the joints passed with no breakdown or flashover,
indicating that the internal sealing of the joint will prevent moisture that has entered through a . . 25
damaged cable jacket from entenng the area of the connection.
The reader’s attention is drawn to our copendlng Apphcatrons Nos. 82.328324 and 82.32979
which describe and claim related subject -matter.

. 1. A shielded electrrcal cable termmatron or a shielded jomt between two electrical cables, ' 30
wherein the or each cable is a shielded electrical cable comprising a conductor, a dielectric layer which
surrounds the conductor and which has been cut back to expose a length of the conductor, and an
electrically conductive shield which surrounds the dielectric layer and which has been cut back to

expose a length of the dielectric layer, the cable bemg terminated or the cables being joined within an
enclosure comprising a protective sleeve comprising an insulating inner layer and a conductive outer 356
layer electrically connected to and overlapping the or each cable shield, the conductive outer layer being
spaced from the or each cable shield by the insulating layer, wherem the msulatmg layer overlaps the or
‘each cable shiéld by an amount at least équal to the. thickness of the portion of the insulating layer -

_overyling that cable shield end, and wherein electrical connection between the conductive outer layer .
and the or each cable shield is made at a point on the cable shield at a distance from the end of the 40 .

cable shield at least equal to the thrckness of the portlon of the msulatmg layer overlvrng that cable
shield end. o
2. A termination or joint as clarmed in claim 1, mcludmg a stress gradnng Iayer between the or
each cable and the rnsulatmg laver the stress gradmg layer being electncally connected to the or each
cable shield. . o - 45
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Modification 3 The cable was replaced by a 500 MCM copper conductor cable with extruded strand
screen, crosslinked polyethylene insulation, extruded insulation screen, wire shield and PVC jacket.

TABLE IV

Test

DEV (1) ' 7.5 kV (for <.3 pC dischargs)

35 kV AC at 60 H3

for 1 minute No breakdown or flashover
. 25kV AC at 60 Hqy

for 8 hours No breakdown or fiashover

Impulse voltage test (4) 95 kV

65 kV DC negative |

polarity for 15 mins. No breakdown or flashover

Loadcycling 12.6 kV '

21 cyclas (5) No breakdown or flashover

NOTES:
(4) The test voitage applied was a 1 2 x 50 microsecond wave havmg a crest vajue of 95 kV.

* Samples were subjected to 3 impulses of both positive and negative polarity.

.{5) The joints were subjected to 21 cycles each. Each cycle lasted for 24 hours. During the first 8
hours, sufficient current was induced to raise the conductor temperature to 30°C £ 5°C, and during the
second 16 hours the conductor temperature returned to ambient. An AC potential of 12.6 kV (2.5 times
phase-to-ground) was applied continuously during the entire 21 cycles. At the end of 21 cycles all joints
were subjected to another DC negative potential of 42 kV (65% of original test level} for 15 minutes.

Five further samples according to modification 1 were subjected to short circuit tests in which an
assymetric 5 kV alternating current at 4 kV was applied for 18 cycles and the shield was examined.
After this a further assymetric 30 kV alternating current at 4 kV was applied for 16 cycles and the
conductor was examined. All samples passed with minimal visual damage.

_ Four of the above unmodified splice joints were installed on cables having an outer diameter of
from 1.65 to 2.4 cm (that is, below the cable diameter for which they are designed}. The joints were
heated in air for one hour using sufficient current to raise the conductor temperature to 90°C + 5°C and
then, within three minutes from stopping the current, were submerged under 1 ft. of water. This
sequence was repeated 49 times and the joints were then subjected to 35 kV AC for 1 minute and
65 kV AC for 15 minutes. All the joints passed with no breakdown or flashover, indicating that cyclic
loading of the joints with high current does not cause moisture ingress into the joint.

This test was repeated on the same joints after a one square inch (6.45 sq. cm} hole had been cut
into the cable jacket at each end of the joint. All the joints passed with no breakdown or flashover,
indicating that the internal sealing of the joint will prevent moisture that has entered through a
damaged cable jacket from entermg the area of the connection.

The reader's attention is drawn to our copending Apphcatnons Nos. 82.328324 and 82.32979
which describe and claim related subject-matter.

CLAIMS

1. A shielded elactrical cable termination or a shielded joint between two electrical cables,
wherein the or each cable is a shielded electrical cable comprising a conductor, a dielectric layer which
surrounds the conductor and which has beéen cut back to expose a length of the conductor, and an
electrically conductive shield which surrounds the dielectric layer and which has been cut back to
expose a iength of the dielectric layer, the cable being terminated or the cables being joined within an
enclosure comprising a protective sleeve comprising an insulating inner layer and a conductive outer
layer electrically connected to and overlapping the or each cable shield, the conductive outer layer being
spaced from the or each cable shield by the insulating layer, wherein the insulating layer overlaps the or
each cable shield by an amount at least equal to the thickness of the portion of the insulating layer
overyling that cable shield end, and wherein electrical connection between the conductive outer layer
and the or each cable shield is made at a point on the cable shield at a distance from the end of the
cable shield at least equal to the thickness of the portion of the insulating layer overlying that cable"
shield end.

2. A termination or joint as claimed in claim 1, inciuding a stress grading layer between the or
each cable and the insulating layer, the stress grading layer being electrically connected to the or each
cable shield.
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3.A termmatron or joint’ as claimed i in clalm 2, wherem the stress gradmg layer is of at least partly
resistive character.

4, A termination or joint as claimed i in claim 3, wherein the stress gradlng layer overlaps e cable
shield.

5. A termination or joint as claimed in any one of claims 1 to 4, in which the insulating layer and/or
the stress grading layer each overlap the or each cable shield by an amount equal to 2.5 ttmes the
thickness of the portion of the insulating inner layer overlying that shield end. :

6. A termination or joint as claimed in any one of claims 1 to 4, wherein the overlap is not more .
than six times the thickness of the portion of the insulating inner layer overlying that shield end.

7. A termination or joint as claimed in any one of claims 1 te 6, wherein the msulatmg layer has 8 10
substantially uniform wall thickness along its entire length.

8. A termination or joint as claimed in any one of claims 1 to 5, wherein the protective shieid is
tubular.

9. A termination or joint as clalmed in any one of clalms 1103, wherein the inner insulating layer
of the protective sleeve has a first portion of substantially uniform minimum thickness overlappingthe 15
or each cable shield by an amount at least equal to said minimum thickness, a contiguous second
portion of gradually increasing thickness to provide stress control, and a contiguous third portion of
substantially uniform thickness extending to the region of the exposed conductor.

10. A termination or jomt as clarmed in claim 2, wherem the stress grading layer has been formed
by extrusion. 20

11. A termination or joint as claimed in any one of claims 1 to 8 or 10 wherein the msulatlng layer '
has been formed by extrusion.

12. A termination or joint as claimed i in any one of claims 1 to 11, wherem the conductive outer
{ayer has been formed by extrusion.

13. A termination or joint as claimed in any one of claims 1 to 8, 10 or 11, wherein the insulating 25
inner layer, the conductnve outer layer, and the stress grading layer if present are formed as an integral
co-extrusion.

~ 14. A termination or joint as claimed in any one of claims 1 to 15, 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.

15. A termination of joint as claimed in any one of clalms 1 to 14, wherein the protective sleeve 30
has been applied be recovery.

16. A termination or joint as claimed i in any one of clalms 1 to 15, wherein the protective sleeve
has been applied by heat recovery.

17. A termination or joint, substantially as described in any one of Examples 1 to 6 herein.

18. A termination or joint, substantially as hereinbefore described with reference to and as 35
iHustrated by the accompanying drawings.

19. A method of protectmg and shielding a joint between two shielded cables or a termination of a
shielded cable, which comprises so providing the location of the joint or termination with a conforming
enclosure, that the resuiting shielded joint or termination is as specified in any one of claims 1 to 18.
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