YMIP- 9212843 El ectric Cable Joints This invention rg%gyeﬁ lg i of o4 or
el ectric power cables insulated with crosslinked p et glene A and to

met hods of nmaking them it is primarily (but not exclusively) concCerned :.
“with joints for high voltage and supertension power cables. XLPE is the
qnly class of solid polyneric material at present in regular use for the
dielectric of cables operating at the highest voltages (say over ZOOKVE
where the practicable alternatives are inpregnated paper or MIBradhsdé
paper/ pol ypropyl ene | anmi nate tape. Such cables can only be delivered to
installation sites in relativel yEdmotriccGgble JpAnkBy as | ong as a
- kilometre), and so |arge nunbers of joints haveg to be _nmade."in the field"
to conpl ete an instalhisi daventiep sedates: to JedRLen fos.electric pover
international practice is_to cut back the_cabl e ends i he u nd
af ter jointingcﬁhéeéoﬁ&ﬁ@@@ﬁ?daﬁ&tiegégﬁéﬁFPgﬁﬁnE X&tgghﬁﬁth%ibgygéﬁato
join up the cut-back ends qof the dielectri.c by assenbli uitabl e noul d,
filling it witfkopmeshofSe® gn%ﬁ“é 631 ﬁét Rﬁ@%‘al&g (%é%t #*%S to
crosshink it aggc %%i%eﬁ%)t%dﬁyg?ﬂgdt%i%ﬂej%Htha%%reﬂﬂ%hpbthﬁgEtha
| supertension powér cables.
XLPE is the only class of solid polymeric material
at present in regular use for the dielectric of cables
| operating at the highest voltages (say over 200kV) where
the'practicable.alternatives are impregnated papér or
impregnated paper/polypropylene laminate tape.
_,SﬁCh~¢ables can only be delivered to installation
sites in relatively short lengths (rarely as long as a
.kilometre), and so large numbers of joints have to be
made "in the field" to complete an installation of any
substantial length. Best current international practice
is to.cﬁt back the cable ends in the usual way and after
.jointing the conductors and re-establishing the conductor
screen to join up the cut-back ends of the dielectric by
assembling a suitable mould, filling it with piastified
crosslinkable polyethylene and heating to crosslink it
and cause it to adhere to the cut-back ends of the cable
dielectric. - After the mould has been removed, the outer
parts of the joint are formed in various conventional
ways.
Especially'as the metal of the conductor ~

constitutes a large-capacity-heat sink whose temperature

is difficult either to predict or to measure and



dielectric. After the nould has been renoved, the outer parts of the joint
are formed in various conventional ways. Especially as the metal of the
conductor constitutes a |large-capacity heat sink whose tenperature is
difficult either to predict or to neasure and -2- nmeasur enent of t he
tenperature of the material in the nould is alnost inpossible, it is
difficult to control the tine/tenperature exposure to ensure a proper
degree of crosslinking throughout t he body2=Further, there is a risk of
cont ami nation of the mat nder site conditions and this cannot be

countered by fWFPPHFFEﬁn s° xﬁEFlEﬁEEe§HGH§etﬁ§tthﬁeméﬁ€§}abxb@sﬁhe OLI
heace. pr oy uPEURLIY RioRE. SRREsALpheon kot Satekbentt chorontzol 0 ¢ °
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invention, a 4¢ crossllnklng throughout the body. Further, there is a
risk of contamination of the material under site
conditions and this cannot be countered by filtration as
experience shows that the shear exposure of crosslinkable
polyethylene in forcing it through a filter.pack is
liable to indu¢e premature crosslinking.

The main object of the'invention is to provide a
.joint for XLPE cables, and a method of making it, that
does not require crosslinking in the field. |

In aceordance wiﬁh one aspect of the invention, a
joint between lengths of cable with XLPE dielectric
comprises a screened conductor connection, a solid
moulded dielectric body adhering to the screened
conductor connection and to the cable dielectric, a
dielectric screen covering and.adhering to the moulded
body, and at least one outer protective laye: and is
characterised in that the said moulded body is of anl
unfilled thermoplastic polypropylene.composition.

The invention’includes a method of making such a
joint characterieed by the steﬁs of foiming a screened
conductor connection, enclosing it in a mould, injecting
a polypropylene composition into the mould under
conditions of temperature and pressure such that iﬁ
adheres to the screened conductor joint and to the part

of the cable dielectric within the mould, cooling the"
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joint between | engths of cable with XLPE dielectric conprises a screened
conductor connection, a solid noulded dielectric body adhering to the
screened conductor connection and to the cable dielectric, a dielectric
screen covering and adhering to the noul ded body, and at |east one outer
protective layer and is characterised in that the said noul ded body is of
~an unfilled thernopl astic pol ypropyl ene conposition. The invention includes
a met hod of making such a joint character+3ed by the steps of forming a
screened conductor connection, enclosing it in a mould, injecting a

pol ypropyl ene Boudpdsi if ofionndonenesaany donnifrpreferrednswhile enperature
and pressure such that, it adheres to the screened conductor joint and to
the part of thBaiRbaiéning| &t ppdey; pressure, naed Lten| remoying the 3.
moul d, if found negessary,or if preferred while maintaining it under
pressure, -and %PR FEH&%FHQ thgﬁiﬁ?ﬁréﬁp?ﬁFﬁﬁna?ﬂ¢é?%§?¥iE;%E?%%Hm%nd

out er protectixgyggyer.

Preferably the method includes the step of
filtering the polypropylene composition as it is injected
into the mould.

While polypropylene is in some respects less
satisfactory then XLPE as a high-voltage cable
dielectric, its properties are adequate for service under
the more‘protected conditions encountered in joints and
are.compatible with those of XLPE. 1In particular, the
softening point of around 160°C is adequate to the
conditions; the”intrinéic breakdown strength may be as
much as 35% higher than that of XLPE and its dielectric
loss.tangent is practically the same at 0.0003.

As the polypropylene is thermopléstic, uniform
temperature conditions can be assisted, if desired, by
éllowing polypropylene tb flow through the mould for a
time before establishing the pressure/cdgling.conditions
for solidification. Material passed through the mould in
this way can be recycled, though preferably to a less
demanding application. | _

Ordinary grades of polypropylene, with a suitably
Choseh stabiiization package, can be used in the way
described, but we have found that substantially better
adhesion to the XLPE can be acﬁieved by using

"funtionalized" polypropylenes, especially the ones



Preferably the nmethod includes the step of filtering the polypropyl ene
conposition as it is injected into the nould. Wile polypropylene is in
'sone respects | ess satisfactory then XLPE as a high-voltage cable
dielectric, its properties are adequate for service under the nore
protected conditions encountered in joints and are conpatible with those of
XLPE. In particular, the softening point of around [err] is adequate to the
conditions; the intrinsic breakdown strengdf may be as nuch as 35% hi gher
tthan that of XLPE and,its dielectric |loss tangent is practically the sane
at 0.0003. As Fﬁﬁtﬁbpyﬂﬂoﬁ94énénhzdth@$nmp@@n%ic#rennddengznTEﬁaiuref
conditions can,b ssisted, if desired, by al]low ng pol ypropylene to ow
t hr ough t he nn&r§°$H) 9Tt PRECEcIEPIPE st dhinchioralived relyprorysnes

diti f ljdification, terial passed through the nould in this
way can be rocYaY cRS FREHEN BEEREF JBY o SPaLTeLL kAt oT, b ety
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substantially pgi{ftopgilente gt Letd® wifiE e hE mcfflfcfie Y Yxieid
' acrylic acid (which may graft as polyacrylic acid)'(Sold
by BP Chemicals Ltd under the trademark POLYBOND) have
given good results. Funqtionalised polypropylene may be
- blended with'ordinary polypropylene, e.g. to adjust melt
| flow charateristics. |
The polypropyléne composition.is free from
substantial amounts of filler, but.may include
antioxidants and other "minor" additives for their usual
purposes. |
The invention will be further described, by waj of
example, with reference to the accompanying dréwing,
which is a diagrammatic longitudinal section of a mould
in which a cable joint in accordance with the invention
is being made.
Two ends of a single-core 400kV XLPE supertension

cable 1,2 with 1000mm>

solid copper conductors are
prepared for jointing by cutting back in the usual way.
The dielectric 3 of each cable is about 27mm thick and is
tapered at 4 over a length.of about 0.8m. The conductors
are joined by compression ferrules 5 and the conductor
screen re-established across the ferrules by applicatign

of the usual'"semiconducting" tape 6 (alternatively heat-

consolidated tape or a heat-shrink sleeve can be used).



"funtj onalized" polypropyl enes, especially the ones -4- containing acid
anhydride groups, free acid groups [err] or ester groups. Functionalized
pol ypropyl enes may be forned either by co-polynerization or by grafting,
but in any case are available on the market. Polypropylenes grafted with
mel ei ¢ anhydride or with acrylic acid (which may graft as polyacrylic acid)
(Sold by BP Chem cals Ltd under the trademark POLYBOND) have given good
results. Functionalised pol ypropyl ene may-%e bl ended with ordinary

pol ypropyl ene, e.g, to_ adjust melt flow charateristics. The polypropylene
conposi ti on i sAfpattable, steel amould Anbsicarefully laleaned amy appliath
antioxidants and other 'minor" additives for their usual purposes. The

i nvention wi || tBethe Ipint Rrear; bedfory awgavite &with aunadiug erence to

t he acconpanyi drawi ng,, which is di agrammati c | ongitudi nal, section of a
moul d i n whi ch?gx%% ea?oﬁ‘li'ﬁ tapered, 4Qmm, gueater, &ham that of

the céble dielectric. The mould has an inlet port 9 and
two outlet ports 10,11. The mould is pre-heated to 160°C
and molten "POLYBOND" maleic-anhydride-functionalized
polypfopylene at about 250°C is'injected through the |
inlet port 9 from a portable extrusion device 12 fitted
with a fine mesh sieve pack 13 located before the breaker
plate of the extruder and dimensioned such that the
injected.material is substantially free of particulate'
contaminants larger than 100 micrometres. The injected
material initially flows through the mould and out of the

| outlet ports 10,11 to purge the mould of air and raise
its temperature to a uniform value of around 210°C. To
assist purging of air, expansion reservoirs 15,15

- connected to the outlet ports 10,11 are preferably
connected to a vécuum pump (not shown)'during this step.
Once stabie conditions have been establishéd, the inlet
port 9 is closed (say by a screw-operated valve 14) and
the vacuum pump disconnected: if desired the air
pressure in the reservoirs 15,15 may be raised to around
0.2MPa to minimise risk of contraction voids forming.
Once flow stops, there is no input of heat to the mould;
and it is allowed to cool slowiy to a temperature at
which the polypropylene is solid. The applied pressure
can then be withdrawn and the mould 7 removed. After

trimming mould flash, if necessary, the dielectric screen



i s beirng nmade. Two ends of a single-core 400kV XLPE supertension cable 1,2
with [err] solid copper conductors are prepared for jointing by cutting
back in the usual way. The dielectric 3 of each cable is about 27mmthick
and is tapered at 4 over a length of about 0.8m The conductors are joined
by conpression ferrules 5 and the conductor screen re-established across
the ferrules by application of the usual "sem conducting" tape 6
(alternatively heat- consolidated tape or ~$=heat -shrink sl eeve can be
used) . A suitaple steel mould 7 is carefully cleaned and applied to the
joint area to opter ikayers,iof, the Joint cancbe formede inapayed ends)
40mm greater than . that qQf the cable dielectric. The nould has an inlet port
9 and two outh§9q§ﬁQ¥?éﬁJvﬁK'The nould is pre-heated to [err] and nolten

"PCLYBOND' mal ei c- anhlygdr j desfuncti anali zed | ypropyl.ene at cabout, [err] is
i nj ected through theqﬁhl &&w?4§e?r%hP 6&&@8%9@ & LENPeLAtyLe o the
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injected polypropylene to the crosslinked polyethylene
insulation of the cablé, it is uhdesirable to pre-heat
the mould above about 160°C before air has been purged
from it, because this would risk oxidative.degradation of
the insulation.
In some cases, instead of using separate

reservoirs 15,15 the outlet ports 10,11 may be closed by
valves (not shown) and the mould kept topped up and any

required pressure maintained by continuing to drive the

extrusion device .12.
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injected nmaterial is substantially free of particulate contam nants |arger
than 1OQ’ﬂLQLone%%eST‘Tﬁ§’Tnjected material initially flows through the

“moul d and out of t ports 10,11 to purge the nould of air and raise
its.t errpemmm mm“mr m val ue of around [err]. To assist purging. of
air, expa 'Val rs 15, 15 connected to the outlet ports 10,11 are-
preferably*connected to a vacuum punp (not shown) during this step. Once
stabl e conditi ons have been established, 47e inlet port 9 is closed (say by
a screw operated valve 14) and the vacuum punp di sconnected: if desired the
air pressure iGLAXNS reservoirs 15,15 may be raised to around 0.2MPa to
mnimse risk of contraction voids formng. Once flow stops, there is no

input of heat to the rifint hetween lengthayaf cablgowidh FLPR o a
{mperatur e at U Sh Lo ROVEISY Sre LS Sd SonfleaRP o rsscur o con
P g(r:(rargzair % ahge% | & %%ﬂ&géfﬁlee %qtrﬁ:n%o%f eardhlea i%rgS t%f tthhee .cozier}atne%fin be
conductor connection and to the cable dielectric, a
dielectric screen covering and adhering to the moulded
body, and at least one outer protective layer,
characterised in that the said moulded body is of an
unfilled thermopléstic polypropylene compoéition.
2 :A joint as claimed in claim 1 in which the
polypfopylene composition comprises is a functionalized
polypropylene.
3 A joint as claimed in claim 1 in which thé
polypropylene composition comprises a functionalized
polypropylene containing acid anhydride groups, free acid
.~ groups or ester groups.
4 A joint as claimed in claim 1 in which the .
polypropylene compositionlcomprises'a functionalized
pdlypfopylene containing maleic anhydride groups.
5 A joint as claimed in claim 1 in which the
polypropylene composition coﬁprises a functionalized
polypropylene containing acrylic acid groups.
6 A joint for electric cables with XLPE diélectric
substantially as described with reference to the Example.
7 A method of making a joint as claimed in ény_one of
Claims 1-6 characterised by the steps of forming a
screened conductor connecfion, enclosing it in a mould,

‘injecting an unfilled polyproﬁylene composition into the



-

It may be noted that although a tenperature in'the region of [err] is
:nNeeded to ensure goo | of the injected pol ypropylene to the

crosslinked po i nsul ation of the cable, it is. undesirable to
pre-heat the np mm”[ err] before air has been purged fromit,
because this wotll de ITSKOW! ve degradation of the insulation. In sone

cases, instead of using separate reservoirs 15,15 the outlet ports 10,11
may be closed by val ves (not shown) and t8e noul d kept topped up and any

Yequired pressure maintained hy ,continuing to drive the extrusion
devi ce. 12. moudd upder °°ﬂdﬁﬁi9%F E@tﬁ@@ﬁeFéﬁﬁFﬁSaaﬂ PrSEsure; gughpe
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cooling the mould, and after removing the mould applying
'a dielectric screen and outer protective layer. |
8 A method as claimed in claim 7 including the step
of filtering the polypropylehe composition as it is
injected into thé mould.
9 ° A method of making:a cable joint as claimed in
Claim 8 comprising'alldwing the said polypropylene
composition to flow_thrOugh the mould before establishing
the pressure/cooling conditions for solidification.
10 A method as claimed in any one of claims 7-9 in
which pressure is maintained in fhe mould while it is
cooled. | |
11 A:method of méking a cable joint in accordance with

any one of claims 1-6 substantially as described with

reference to the drawings.



characterised in that the said noul ded body is of an unfilled thernoplastic
jpolypropylene conposition. 2 A joint as clainmed in claiml in which the
"ol ypropyl ene conposi tion conprises is a functionalized pol ypropylene. 3

A joint as claimed in claim1 in which the polypropylene conposition
.conprises a functionalized pol ypropyl ene containing acid anhydride groups

free acid groups or ester groups. 4 Ajoint as claimed inclaiml in
whi ch the pol ypropyl ene conposition conprf®es a functionalized

‘pol ypr opyl ene contai ni ng mal ei ¢ anhydri de groups. 5 A joint as clainmed
inclaim1 in which the polypropylene'kﬁﬁEikﬁTion conpri ses a

functionalized pol ypropyl ene contﬂining agré!ic aci.d groups. 6 A j oi nt
for electric cables with XLPE di y as described with
reference to the Ex

. | e; hod, of | ai med i
any one of C ains lal'gp 3 tacl?%‘?‘l'%%'b O?’f‘llgss@p%a ef‘%’rq"fhnhs}' gc?:agﬁedl "
conduct or connegdy oy, fé‘%éhﬁéf‘ﬁf# i Nelr Bl gl cdiiftd" e thdt¥idd 2 b

pol ypr opyl ene conp05| Ion
solid moulded dielectric body adhering to the screened

conductor connection and'to_the cable dielectric, a
dielectric screen covering and adhering to the moulded
.body, and at least oﬁe outer protective-layer. Instead
of being of XLPE, the moulded body is of an unfilled
thermoplastic polypropylene composition. Thermoplastic
polypropylenes (preferably functionalized ones) have
adequate electrical properfies and adhere well to XLPE.
Because they do not requirg crosslinking agents, control
of moulding in the field is much easier; and filtration
can be used to assure purity without risking premature

crosslinking.



8 nould under conditions of tenperature and pressure such that it adheres
to the screened conductor joint and to the part of the cable dielectric
wi thin the nould, cooling the nould, and after renoving the nould applying

a dielectric screen and outer protective |layer. 8 A nmethod as clainmed in
¢laim7 including the step of filtering the polypropyl ene conposition as it
LS injected into the nmould. 9 A net hotf of naki ng a cable joint as

claimed in Claim8 conprising allowi ng the said pol ypropyl ene conposition
o fl ow through the nould before establishing the pressure/cooling

conditions for solidification. 10 A nmethod as clainmed in any one of
clains 7-9 in which pressure is maintained in the nould while it is cool ed.
11 A nmethod of nmaking a cable joint in accordance with any one of clains

1-6 substantially as described with reference to the draw ngs.
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