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(54)  Cable  connector. 

(57)  A  low  voltage  (1kV)  branch  joint  for  a  multi- 
core  cable  comprises  an  asymmetric  core 
separator  (4)  for  engaging  a  cable  whose  neut- 
ral  core  is  shaped  differently  from  the  phase 
cores.  The  separator  (4)  fits  into  a  connector 
(20)  in  only  one  orientation  and  the  insulation 
piercing  claw  (46)  for  the  neutral  connection 
can  only  enter  the  neutral  sector  (18)  of  the 
separator  (4). 
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This  invention  relates  to  a  connector,  and  partic- 
ularly,  though  not  exclusively,  to  a  branch-off  connec- 
tor,  for  an  electric  cable,  especially  a  power  cable.  Al- 
though  the  invention  finds  application  primarily  with 
low  voltage  cables,  that  is  to  say  cables  operating  at 
voltages  at  or  less  than  about  1kV,  it  is  also  applicable 
to  higher  voltage  cables. 

In  a  branch  joint,  a  branch  cable  takes  electricity 
from  a  main  cable  to  supply  equipment  that  is  located 
on  a  spur.  In  some  instances,  there  is  the  requirement 
that  the  core  conductors  of  the  main  cable  are  not  cut 
at  the  branch  connection.  The  main  cable  has  its  outer 
jacket  and  any  other  common  outer  components  of 
the  cable  cut  back  so  as  to  expose  the  individual,  in- 
sulated  cores  of  the  cable,  defining  a  branch-off  re- 
gion.  Conventionally,  a  branch-off  connector  is 
mounted  on  the  exposed  cores  in  the  branch-off  re- 
gion  and  has  one  set  of  contacts,  which  may  be  screw 
contacts,  for  connecting  to  respective  ones  of  the  core 
conductors  of  the  main  cable,  and  another  set  of  con- 
tacts  for  receiving  the  core  conductors  of  the  branch 
cable.  Electrical  connection  between  the  branch 
cable  and  the  main  cable  is  made.  Subsequently, 
electrical  insulation  and  environmental  protection  is 
applied  to  the  branch-off  region. 

One  known  method  of  insulating  and  protecting 
the  branch-off  region  involves  the  positioning  of  a 
two-part  rigid  plastic  box  around  the  region,  being 
sealed  at  each  end  on  to  the  cable  jacket.  Epoxy  resin 
is  poured  in  to  fill  the  box  and  to  exclude  air  from 
around  the  connector  and  between  the  cores.  The 
resin  is  allowed  to  cool  and  cure.  This  method,  how- 
ever,  has  the  disadvantages  of  using  potentially  toxic 
materials,  and  of  having  to  mix  two  components  to- 
gether,  and  then  pour  them  into  the  box  before  any  ap- 
preciable  curing  takes  place.  Consequently,  adequate 
ventilation  has  to  be  ensured,  thus  precluding  use  of 
the  method  in  confined  areas,  care  has  to  be  taken 
with  the  viscous  resin,  and  the  jointer  has  to  wait  until 
the  resin  has  cooled  and  fully  cured  before  power  can 
be  re-supplied  to  the  main  cable.  The  curing  period 
can  be  as  long  as  ten  to  fifteen  hours,  and  if  power  is 
applied  too  soon,  gas  bubbles  may  be  evolved  from 
the  resin,  giving  rise  to  voids  in  the  insulation  and  thus 
the  risk  of  poor  electrical  performance  of  the  branch 
joint.  Furthermore,  the  potting  that  is  involved  with 
this  method  in  practice  precludes  re-entry  of  the  joint 
without  its  destruction. 

Another  known  method  of  insulating  and  protect- 
ing  a  branch-off  region,  and  one  that  mainly  over- 
comes  the  disadvantages  of  cast  resin  joints,  is  to  use 
a  heat-recoverable  polymeric  insulating  wraparound 
sleeve.  Such  a  sleeve,  available  from  Raychem  with 
its  rail  and  channel  closure  system,  is  wrapped 
around  the  branch-off  region  and  extends  at  each  end 
over  the  cable  jacket.  The  longitudinal  sleeve  edges, 
each  having  a  rail  formed  therealong,  are  brought  into 
abutment  and  the  channel  member  slid  over  them  to 

secure  them  together.  Heat,  for  example  from  a  gas 
torch,  is  then  applied  to  the  sleeve  to  cause  it  to  shrink 
into  conformity  with  the  underlying  components.  The 
sleeve  is  internally  coated  so  as  to  provide  a  seal 

5  along  its  closure  region  and  on  to  the  cable.  Power 
may  be  restored  immediately  to  the  main  cable,  and 
the  shrinking  technique  is  quick,  relatively  safe,  and 
involves  little  skill.  The  joint  may  be  re-entered  by  cut- 
ting  away  the  sleeve,  and  the  required  action  to  the 

10  connector  or  cable  carried  out.  Insulation  and  protec- 
tion  may  be  re-applied  to  the  branch-off  region  using 
a  fresh  recoverable  sleeve. 

In  these  known  methods,  however,  access  to  the 
branch  connector,  for  replacing  a  branch  cable,  for 

15  adding  a  further  branch  cable,  or  for  taking  one  away 
for  example,  involves  disturbing  the  joint  at  least  to  the 
extent  that  the  environmental  sealing  of  the  branch- 
off  region  is  destroyed.  Furthermore,  the  joint  has 
subsequently  to  be  re-built,  to  a  greater  or  less  degree 

20  depending  on  the  particular  method  used. 
European  Patent  Application  Publication  No.  0 

253  670,  the  entire  disclosure  of  which  is  herein  incor- 
porated  by  this  reference,  discloses  a  connector  that 
overcomes,  or  at  least  alleviates,  the  last-mentioned 

25  difficulties.  However,  the  problem  still  remains  of  en- 
suring  that  the  correct  cores  of  the  multi-core  main 
and  branch  cables  are  interconnected.  This  is  espe- 
cially  important  in  the  case  of  a  cable  that  has  a  neu- 
tral  core,  for  example  a  four  core  cable  having  one 

30  neutral  and  three  phase  conductors,  since  the  neutral 
core  may  also  be  electrically  connected  to  metalwork 
of  the  connection  that  is  accessible  to  human  opera- 
tors  and  that  is  conventionally  at  earth  potential  -  a 
dangerous,  and  potentially  lethal,  situation  can  arise 

35  by  connecting  one  of  the  phase  cores  of  the  main 
cable  to  the  neutral  core  of  the  branch,  and  also  to  a 
usually-earthed  metal  component,  for  example  outer 
housing,  of  the  connector. 

It  is  one  object  of  the  present  invention  to  provide 
40  a  cable  joint,  and  components  therefor,  that  prevent  or 

at  least  reduce  the  likelihood  of  connection  between 
the  wrong  cores  of  multi-core  cables.  Multi-core  elec- 
tric  power  cables  often  are  constructed  such  that  the 
neutral  core  is  of  a  different  shape  and/or  size  from 

45  the  phase  cores,  and  the  present  invention  thus  pro- 
vides  cable  joints  and  components  for  cable  joints  that 
allow  the  joint  to  be  formed  if  and  only  if  the  neutral 
cores  are  connected  to  one  another.  Should  an  incor- 
rect  matching  have  been  made,  the  joint  cannot  be 

so  completed,  thus  maintaining  a  high  level  of  safety  and 
protection  for  operators. 

Thus,  in  accordance  with  one  aspect  of  the  pres- 
ent  invention,  there  is  provided  a  core  separator,  hav- 
ing  a  plurality  of  arms,  suitable  for  providing  separa- 

55  tion  between  the  cores  of  a  multicore  electrical  cable, 
wherein  two  adjacent  arms  of  the  separator  are  ar- 
ranged  so  as,  in  use,  to  lie  between  cores  and  to  co- 
operate  with  each  other  so  as  to  receive  a  specific  one 

2 
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only  of  the  cores  therebetween. 
Thus,  the  separator  can  be  fitted  to  the  main 

cable  only  in  one  orientation. 
Advantageously,  the  said  two  adjacent  arms  are 

so  shaped  that  the  core-receiving  sector  formed 
thereby  is  shaped  and/or  sized  so  as  to  receive  only 
the  said  specific  core. 

The  core  separator  may  comprise  three  or  four 
arms,  for  use  with  three-  or  four-core  cables  respec- 
tively. 

Advantageously,  the  core  separator  may  be  of 
generally  cruciform  shape  for  use  with  a  four-core 
cable. 

The  core  separator  may  be  formed  from  two  or 
more  interengaging  parts,  and  when  for  example  it 
comprises  two  parts,  they  may  be  arranged  to  inter- 
engage  by  an  arm  of  one  of  the  parts  being  arranged 
to  pass,  preferably  as  a  push-fit,  through  the  other 
part,  preferably  in  only  a  single  orientation. 

The  sector  formed  by  said  two  adjacent  arms 
may  be  of  generally  circular  cross-section  and  the 
sector  formed  by  any  other  pair  of  adjacent  arms  may 
be  of  generally  triangular  cross-section. 

In  accordance  with  another  aspect  of  the  present 
invention,  there  is  provided  a  cable  connecting  ar- 
rangement  for  making  a  connection  between  the  mul- 
tiple  cores  of  a  main  cable  and  respective  cores  of  a 
branch  cable,  the  arrangement  comprising  at  least 
one  pair  of  contact  members  biassed  to  one  of  a 
closed  and  an  open  position  and  a  cam  system  ar- 
ranged  to  move  the  contacts  against  the  biasing 
thereby  respectively  to  open  or  to  close  the  contacts 
on  to  respective  ones  of  the  cores  of  one  of  the  cables. 

Preferably  the  contacts  are  insulation-piercing 
contacts. 

A  cable  joint  may  comprise  a  core  separator  and 
a  cable  connecting  arrangement,  each  as  herein  de- 
scribed,  and  a  particular  one  of  the  contact  members 
of  the  arrangements  may  be  shaped  so  as  to  enter 
only  that  sector  of  the  core  separator  between  the  said 
two  adjacent  arms  and  thus  so  as  to  be  engageable 
with  only  that  cable  core  disposable  therein.  Thus,  the 
core  separator  is  arranged  so  as  to  be  mountable  on 
one  of  the  cables,  usually  the  main  cable,  only  in  a  sin- 
gle  orientation,  and  the  contact  arrangement  is  ar- 
ranged  such  that  one  of  the  contacts  is  physically  dif- 
ferent  from  the  others  such  that  only  that  contact  may 
engage  the  specific,  usually  the  neutral,  core  of  the 
cable.  By  connecting  the  corresponding,  usually  neu- 
tral,  core  of  the  branch  cable  so  that  contact,  the  cor- 
rect  electrical  interconnection  is  thus  obtained  be- 
tween  the  two  cables. 

Further,  the  cable  joint  may  be  arranged  such 
that  the  connector  cannot  physically  be  closed  around 
the  main  cable  unless  the  core  separator  is  positioned 
with  the  correct  orientation  around  the  cores  for  re- 
ceiving  the  cable  connection  arrangement. 

Also  in  accordance  with  the  present  invention 

there  is  provided  a  connector  for  an  electric  cable,  the 
connector  comprising  a  core  separator  and/or  a  cable 
connection  arrangement,  each  as  herein  described. 

In  accordance  with  a  further  aspect  of  the  present 
5  invention,  there  is  provided  an  electrical  cable  joint 

between  a  four-core  main  cable  and  a  four-core 
branch  cable, 

wherein  components  of  the  main  cable  com- 
mon  to  all  the  cores  have  been  removed  thereby  to  ex- 

10  pose  the  individual  insulated  cores; 
wherein  the  neutral  core  of  the  main  cable  is  of 

different  construction  from  the  cores  of  the  three 
phases; 

the  joint  comprising: 
15  (a)  a  first,  generally-planar  part  of  a  cruciform- 

shaped  core  separator  comprising  two  interen- 
gaging  parts  located  between  cores  of  the  main 
cable; 

wherein  the  second  part  of  the  core  sepa- 
20  rator  is  located  between  cores  of  the  main  cable 

substantially  at  right  angles  to  and  passing 
through  the  first  part,  the  so-formed  separator 
defining  one  sector  that  is  shaped  to  receive  only 
the  neutral  core  of  the  main  cable; 

25  (b)  means  within  the  joint  such  that  the  separator, 
when  secured  with  respect  to  the  main  cable,  can 
adopt  only  one  predetermined  orientation; 
(c)  a  cable  connecting  arrangement  for  providing 
electrical  connection  between  the  four  cores  of 

30  the  main  cable  and  respective  ones  of  the  cores 
of  the  branch  cable,  the  arrangement  comprising 
two  pairs  of  biassed  insulation-piercing  contact 
members,  each  pair  of  members  being  operable 
by  an  actuation  member  that  urges  the  contacts 

35  into  respective  sectors  of  the  core  separator  and 
into  electrical  contact  with  the  conductor  of  the 
cable  core  located  therein,  wherein  the  shaping  of 
the  contact  member  for  the  neutral  core  corre- 
sponds  to  the  shaping  of  the  neutral  sector  so  as 

40  to  be  received  only  into  that  sector,  and  wherein 
the  cable  connection  arrangement  is  arranged 
with  respect  to  the  orientation  means  so  as  to  al- 
low  only  the  neutral  contact  member  to  enter  the 
neutral  sector;  and 

45  (d)  a  housing  encompassing  the  cut-back  por- 
tions  of  the  main  cable,  the  core  separator  and  the 
cable  connecting  arrangement,  the  housing  be- 
ing  sealed  on  to  the  main  and  branch  cables. 
The  present  invention  also  provides  methods  of 

so  forming  cable  joints  whereby  incorrect  electrical  con- 
nection  to  the  neutral  cores  is  prevented,  or  at  least 
its  occurrence  minimised.  The  methods  comprise  the 
mounting  of  a  core  separator  on  a  cable  as 

The  invention  is  particularly,  though  not  exclu- 
55  sively,  concerned  with  the  provision  of  a  branch-off 

connector  and  branch-off  connecting  method,  thus 
dealing  with  a  branch-off  region  of  a  cable  (the  main 
cable)  that  is  partway  along  its  length  and  at  which 

3 
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outer  components  of  the  cable  (such  as  outer  jacket 
and  insulation)  have  been  removed  to  expose  the  in- 
dividually  insulated  cores  so  that  they  may  be  correct- 
ly  identified  for  subsequent  connection.  However,  the 
invention  is  also  applicable  to  an  in-line  joint,  whereby 
a  sealed  connection  can  be  provided  at  an  end  of  a 
cable  for  subsequent  connection  to  an  end  of  another 
cable.  Thus,  a  cable  may  have  a  region  at  its  end  at 
which  the  core  or  cores  (usually  individually  insulated) 
are  exposed,  and  the  connector  of  the  invention  may 
be  sealingly  connected  thereto.  Electrical  connection 
to  a  further  cable  can  then  be  made  either  at  the  same 
time  or  subsequently,  with  the  original  cable  having 
voltage  supplied  thereto.  It  will  be  appreciated  that  the 
further  cable  may  itself  have  a  connector  in  accor- 
dance  with  the  present  invention  mounted  at  one  end, 
so  that  the  interconnection  of  the  two  cables  involves 
only  the  interconnecting  of  the  two  connectors. 

A  branch-off  region  of  a  cable,  for  example, 
needs  to  be  sealed  against  ingress  of  moisture,  so 
that  no  electrically  conductive  path  is  thereby  formed 
between  a  live  conductor  and  earth,  or,  in  the  case  of 
a  multi-conductor  cable  only,  between  one  live  con- 
ductor  (ie.  phase)  of  the  cable  and  another.  It  is  known 
that  in  operation  of  a  cable  in  a  damp  environment, 
moisture  may  penetrate  a  damaged  outer  cable  jacket 
and  travel  along  the  cable  along  a  core  or  between  the 
cores.  Thus,  where  the  core  insulation  is  broken,  eg. 
pierced,  at  a  branch-off  region,  it  is  necessary  to  en- 
sure  that  insulation  is  re-applied.  The  sealed  housing 
and  of  connector  of  the  present  invention  ensures 
this. 

The  cable  joint  of  the  present  invention  may  con- 
tain  a  thixotropic  mastic,  or  a  gel,  or  other  suitable 
sealing  means,  contained  within  an  outer  housing  for 
the  core  separator  and/or  the  core  connecting  ar- 
rangement  of  the  invention.  However,  if  the  cables 
themselves  are  blocked  against  the  ingress  of  mois- 
ture  or  against  the  transmission  of  moisture  therea- 
long,  such  sealing  of  the  connection  region  itself  may 
not  be  necessary. 

The  housing  may  be  electrically  insulating,  but  it 
may  be  a  metal  component  that  is  held  at  earth  poten- 
tial,  for  example  also  being  electrically  connected  to 
the  neutral  cores  of  the  cables. 

A  four  core  cable  may  have  three  phase  cores 
each  of  generally  triangular  shape  and  a  neutral  core 
of  circular  cross-section.  The  core  separator  is  then 
arranged  so  as  to  form  a  circular  aperture  in  the  sec- 
tor  adjacent  two  of  its  arms  so  that  it  can  be  inserted 
between  the  cores  of  the  main  cable,  without  them  be- 
ing  cut,  only  in  the  orientation  with  the  neutral  core  dis- 
posed  in  that  sector.  The  cable  connector  can  then  be 
provided  with  an  orientation  plate  that  carries  the  con- 
tact  members  and  that  is  arranged  to  receive  the  core 
separator  only  in  one  orientation.  This  can  be  done  by 
providing  the  plate  with  slots  of  different  widths  to  re- 
ceive  correspondingly-sized  arms  of  the  core  separa- 

tor.  The  contact  members  are  each  electrically  con- 
nected  to  respective  ones  of  the  cores  of  the  branch 
cable.  That  contact  member  which  is  connected  to  the 
neutral  core  of  the  branch  cable  is  then  arranged  to 

5  be  electrically  connected  to  an  insulation-piercing 
contact  of  a  configuration,  for  example  size,  that  can 
enter  only  the  neutral  sector  of  the  core  separator. 

Once  in  place,  a  camming  mechanism  can  be  ar- 
ranged  to  urge  pairs  of  the  contact  members  through 

10  the  insulation  and  on  to  the  conductors  of  respective 
ones  of  the  cores  of  the  main  cable.  This  action  can 
be  effected  from  outside  a  housing  that  contains  the 
branch-off  region,  the  core  separator  and  the  cable 
connecting  arrangement.  By  insulating  the  camming 

15  mechanism  from  the  contact  members,  the  electrical 
interconnection  between  the  branch  and  main  cables 
can  be  safely  made  even  when  the  main  cable  is  elec- 
trically  live. 

It  will  be  noted  that  using  the  present  invention, 
20  there  is  no  need  to  interrupt  the  power  supply  to  the 

main  cable,  since  electrical  connection  thereto  by 
means  of  the  electrical  connecting  members  may  be 
made  whilst  the  cable  is  live.  Furthermore,  this  con- 
nection  need  not  be  made  at  the  time  the  sealing  of 

25  the  branch-off  region  is  effected.  Indeed,  the  attach- 
ment  of  the  branch  cable  to  the  housing  need  not  be 
made  at  the  time  of  sealing  the  branch-off  region. 
Thus,  the  main  cable  could  be  put  into  position,  pos- 
sibly  with  a  plurality  of  (sealed)  branch-off  housings 

30  mounted  at  desired  positions  therealong,  and  branch- 
off  connections  conveniently  made  at  any  subse- 
quent  time.  Also,  the  branch  cables  could  be  mechan- 
ically  connected  to  the  main  cable  at  one  time,  left 
without  power  supplied  thereto  (even  though  the  main 

35  cable  is  live),  and  electrically  connected  to  the  main 
cable  at  a  later  time.  All  of  this  can  be  done  using  the 
connector  and  method  of  the  present  invention  with- 
out  disturbing  the  sealing  of  the  branch-off  region. 

At  a  branch-off  region,  sealing  is  required  primar- 
40  ily  to  prevent  ingress  of  water  and  water  vapour  into 

the  housing.  Such  moisture  may  have  entered  the 
cable  away  from  the  branch-off  region,  through  a 
breach  in  the  cable  jacket  for  example,  and  may  pass 
along  the  inside  thereof  between  the  cores.  It  is  es- 

45  sential  then  to  ensure  that  at  the  branch-off  region, 
where  the  core  conductor  insulation  has  been  inter- 
rupted,  no  moisture  can  form  a  conductive  path  be- 
tween  any  of  the  cores  (whether  at  phase  voltage  or 
at  earth  potential).  The  sealing  may  also  conveniently 

so  be  required  to  replace  the  electrical  insulation  of  the 
removed  cable  jacket,  in  the  case  of  a  multi-core 
cable.  The  sealing  may  conveniently  be  achieved  by 
having  a  quantity  of  electrically  insulating  and  water 
resistant  cross-linked  sealant  material,  such  as  gel  for 

55  example,  in  one  or  both  of  two  housing  parts  before 
they  are  secured  together  around  the  branch-off  re- 
gion  to  form  the  complete  housing.  The  quantity  of 
gel,  or  other  sealant  material,  is  chosen  such  that  all 

4 
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of  the  airspaces  around  the  conductor  cores  and  with- 
in  the  housing  are  filled  when  the  housing  is  formed. 
In  general,  the  following  materials  when  cross-linked 
are  suitable  for  providing  an  electrically  insulating  and 
water  resistant  seal  of  the  branch-off  region:  gels, 
greases,  mastic,  unvulcanised  soft  rubbers,  or  a  wa- 
ter  curable  material  such  as  silicone.  When  the  mate- 
rial  is  a  gel,  this  is  preferably  a  suitable  material  as  de- 
scribed  in  Patent  Application  Publication  No.  WO 
86/01634,  the  contents  of  which  are  herein  incorporat- 
ed  by  this  reference. 

A  cable  core  separator,  cable  connecting  ar- 
rangement,  and  cable  joint,  each  in  accordance  with 
the  present  invention,  will  now  be  described,  byway 
of  example,  with  reference  to  the  accompanying 
drawings,  in  which:- 

Figures  1  and  2  show  elevations  of  respective 
parts  of  a  two  part  cable  core  separator; 
Figure  3  shows  a  section  through  the  assembled 
core  separator  of  Figures  1  and  2;  and 
Figure  4  shows  a  section  through  a  cable  joint  us- 
ing  the  separator  of  Figure  3. 
Referring  to  Figures  1  to  3,  one  part  2  of  a  two 

part  insulating  core  separator  4  is  of  generally  rectan- 
gular  shape  and  has  a  narrow  slot  6  extending  there- 
through,  and  a  cut-out  portion  8  in  one  arm  thereof. 
The  other  part  1  0  is  of  general  T-shape  with  a  cut-out 
portion  12  in  one  arm  thereof.  The  stem  13  of  the  T 
of  part  10  is  of  a  width  so  as  to  be  a  tight  push  fit  into 
the  slot  6  of  the  part  2.  Figure  3  shows  the  parts  2  and 
10  interengaged  to  form  the  elongate  insulating  core 
separator  4  of  general  cruciform  section  having  four 
arms.  As  can  be  seen,  two  of  the  adjacent  arms  are 
relatively  thick  and  extensions  14  and  16  thereof  de- 
fine  a  sector  18  of  different  configuration  from  that  of 
the  other  three  sectors. 

The  sector  18  is  of  generally  circular  shape  with 
access  to  it  being  defined  by  the  width  of  the  cut-outs 
8  and  12.  The  sector  18  is  thus  shaped  and  sized  to 
receive  a  circular-sectioned  neutral  core  of  a  four  core 
electric  power  cable,  whereas  the  other  sectors  can 
receive  the  generally  triangular-shaped  cores  of  the 
three  phase  conductors  of  the  cable.  In  operation,  the 
outer  components  of  a  power  cable  (the  main  cable), 
such  as  the  outer  insulation  and  any  screening  layers, 
are  removed  in  the  region  where  the  branch  joint  is  to 
be  made,  thus  exposing  the  individually  insulated 
cores,  say  four,  of  the  cable.  The  part  2  of  the  sepa- 
rator  4  is  then  inserted  between  two  of  the  cores  so 
as  to  separate  them  into  pairs,  and  the  part  10  is  in- 
serted  between  each  one  of  those  pairs  and  through 
the  slot  6  of  the  part  2  to  separate  each  of  the  cores 
from  the  other.  The  core  separator  can  only  be  insert- 
ed  between  the  cores  in  a  single  orientation  such  that 
the  differently-configured  neutral  core  is  accommo- 
dated  in  the  sector  18. 

Figure  4  shows  the  core  separator  4  mounted  in 
a  cable  connecting  arrangement  inside  a  metal  hous- 

ing  20  of  the  branch  joint.  The  thickness  of  the  extrem- 
ities  of  the  two  arms  defining  the  neutral  sector  18  of 
the  separator  4  is  greater  than  that  of  the  other  two 
arms,  and  an  orientation  plate  22  mounted  in  the 

5  housing  20  has  four  slots,  two  of  which  are  thicker 
than  the  others,  around  a  circular  aperture  therein  for 
receiving  the  separator  4.  Thus  the  two  slots  24,  26 
ensure  that  the  sector  18  is  located  within  the  seg- 
ment  of  arc  between  then.  In  this  manner,  it  is  ensured 

10  that  the  neutral  core  of  the  cable  is  located  in  this  spe- 
cified  segment  of  the  cable  connecting  arrangement. 

The  orientation  plate  22  also  carries  a  pair  of  con- 
tact  arrangements  28,  30,  the  arrangement  28  being 
shown  in  its  open  configuration  and  arrangement  30 

15  closed.  The  contact  arrangement  28,  has  a  pair  of 
cranked  contact  members  32,  34  hinged  partway 
therealong  about  pins  36,  38.  Actuating  members  40, 
42  are  pivotally  attached  to  the  outer  ends  of  the  con- 
tact  members  32,  34,  and  are  operated  as  a  cam 

20  mechanism  by  a  common  actuator  44.  The  actuator 
44  is  operated  from  outside  the  housing  20,  access 
being  obtained  through  an  aperture  45.  The  inner 
ends  of  the  contact  members  32,  34  carry  insulation- 
piercing  contacts  46,  48.  Thus  far  described,  the  con- 

25  tact  arrangement  30  is  constructed  in  the  same  way 
as  the  arrangement  28.  However,  the  contact  46  of 
the  contact  member  32,  which  is  associated  with  the 
neutral  sector  of  the  core  separator  4,  is  of  less  thick- 
ness  (in  the  direction  perpendicular  to  the  plane  of 

30  Figure  4),  than  the  other  three  contacts  48,  and  alone 
is  able  to  pass  through  the  gap  formed  by  the  cut-outs 
8,  12  (Figure  3).  Thus,  the  contact  member  32  is 
uniquely  associated  with  the  neutral  core  of  the  main 
cable. 

35  Upon  operation  of  the  actuators  44  to  urge  them 
from  the  position  shown  in  contact  arrangement  28  to 
that  of  arrangement  30,  the  actuating  members  40,  42 
cause  the  contact  members  32,  34  to  pivot  about  their 
axes  36,  38,  and  thus  the  contacts  46  and  48  are 

40  urged  into  their  respective  sectors  of  the  core  sepa- 
rator.  The  contacts  46,  48  pierce  the  insulation  of  the 
cable  cores  and  establish  direct  contact  with  the  four 
respective  core  conductors  (not  shown). 

Connection  from  the  core  conductors  of  the  main 
45  cable  via  the  connection  arrangements  28,  30  is  ef- 

fected  by  connections  from  the  four  pivot  pins  36,  38 
to  respective  ones  of  the  four  cores  of  the  branch 
cable  (not  shown),  with  the  contact  member  32  and  its 
pin  36  being  clearly  marked  as  the  neutral  core  con- 

50  nection. 
It  is  thus  seen,  that  extensive  steps  are  taken  in 

the  connector  and  components  hereinbefore  descri- 
bed  to  ensure  that  the  neutral  core  of  the  main  cable 
is  correctly  identified  and  correct  connection  made 

55  thereto:  (i)  the  separator4  can  only  be  fitted  in  one  ori- 
entation;  (ii)  the  orientation  plate  22  with  the  connect- 
ing  arrangements  28,  30  can  be  mounted  around  the 
separator  4  only  in  one  orientation;  and  (iii)  only  the 

5 
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designated  neutral  contact  member  32  with  its  nar- 
rower  contact  46  can  enter  the  neutral  sector  of  the 
separator  4. 

The  actuators  44  and  actuating  members  40,  42 
are  made  of  electrically  insulating  material,  so  that  5 
standard  non-insulated  tools  (spanner,  screwdriver 
etc)  can  be  introduced  through  the  housing  apertures 
45  for  effecting  the  connections  to  the  cores  of  the 
main  cable.  The  orientation  plate  22  and  the  housing 
20  can  conveniently  be  electrically  connected  togeth-  10 
er,  and  to  earth  potential,  and  to  the  neutral  cores  of 
the  main  and  branch  cables.  Should  the  cables  them- 
selves  not  be  blocked  against  flow  of  water  therea- 
long,  the  housing  20  can  be  filled  with  suitable  water 
blocking  material  such  as  gel  or  a  thixotropic  mastic.  15 
The  housing  20  can  itself  be  completely  sealed 
around  the  main  and  branch  cables  to  ensure  a  water- 
tight  joint. 

The  main  cable  can  be  centre-stripped  to  receive 
the  core  separator,  the  connection  arrangement  and  20 
housing  can  be  fitted  therearound,  and  sealed,  and 
the  thus  secured  main  cable  can  safely  be  left  until  a 
branch  cable  needs  to  be  added  at  a  later  time.  At  that 
time,  the  branch  cable  can  be  inserted  and  connected 
to  the  pins  36,  38  (by  means  not  shown)  without  dis-  25 
turbing  the  sealing  around  the  branch  region.  In  this 
respect  it  should  be  noted  that  operation  of  the  contact 
arrangements  32,  34  by  means  of  the  actuators  44 
can  be  effected  subsequently  from  outside  the  sealed 
housing  20  through  the  apertures  45,  which  can  then  30 
be  plugged.  Alternatively,  the  branch  cable  can  be 
connected  at  the  time  of  making  the  fitment  around 
the  main  cable,  but  its  energisation  can  be  carried  out 
subsequently  (via  the  apertures  45).  It  will  be  appre- 
ciated  that  connection  of  the  branch  cable  to  the  main  35 
cable  can  be  carried  out  without  the  need  to  cut  the 
main  cable,  and  also  without  the  need  to  de-energise 
the  main  cable. 

Although  specifically  reference  has  been  made  to 
distinguishing  a  neutral  core  from  the  phase  cores  of  40 
a  cable  having  two  or  more  cores,  it  is  envisaged  that 
another  core  that  is  distinguisable  from  others  by  its 
configuration  (for  example  shape  or  size)  may  be  so 
identified. 

45 

Claims 

1)  Acore  separator  (4),  having  a  plurality  of  arms, 
suitable  for  providing  separation  between  the  cores  of  50 
a  multi-core  electrical  cable,  wherein  two  adjacent 
arms  (14,  16)  of  the  separator  (4)  are  arranged  so  as, 
in  use,  to  lie  between  cores  and  to  co-operate  with 
each  other  so  as  to  receive  a  specific  one  only  of  the 
cores  therebetween  55 

2)  A  core  separator  according  to  claim  1  ,  wherein 
the  said  two  adjacent  arms  (14,16)  are  so  shaped  that 
the  core-receiving  sector  (1  8)  formed  thereby  is  shap- 

ed  and/or  sized  so  as  to  receive  only  the  said  specific 
core. 

3)  Acore  separator  (4)  according  to  any  one  of  the 
preceding  claims,  formed  from  two  or  more  interen- 
gaging  parts  (2,  10). 

4)  A  core  separator  according  to  any  one  of  the 
preceding  claims,  wherein  the  sector  (18)  formed  by 
said  two  adjacent  arms  (14,  1  6)  is  of  generally  circular 
cross-section  and  the  sector  formed  by  any  other  pair 
of  adjacent  arms  is  of  generally  triangular  cross- 
section. 

5)  A  cable  joint  between  at  least  two  multi-core 
cables,  comprising  a  core  separator  (4)  in  accordance 
with  any  one  of  the  preceding  claims. 

6)  A  cable  connecting  arrangement  for  making  a 
connection  between  the  multiple  cores  of  a  main 
cable  and  respective  cores  of  a  branch  cable,  the  ar- 
rangement  comprising  at  least  one  pair  of  contact 
members  (46,  48)  biassed  to  one  of  a  closed  and  an 
open  position  and  a  cam  system  (40,  42,  44)  arranged 
to  move  the  contact  members  (46,  48)  against  the 
biassing  thereby  respectively  to  open  or  to  close  the 
contact  members  (46,  48)  on  to  respective  ones  of  the 
cores  of  one  of  the  cables. 

7)  A  cable  connecting  arrangement  according  to 
claim  6,  wherein  the  contact  members  (46,  48)  are  in- 
sulation-piercing  contact  members. 

8)  A  cable  joint  according  to  claim  5,  comprising 
a  cable  connecting  arrangement  according  to  claim  6 
or  claim  7. 

9)  An  electrical  cable  joint  between  a  four-core 
main  cable  and  a  four-core  branch  cable, 

wherein  components  of  the  main  cable  com- 
mon  to  all  the  cores  have  been  removed  thereby  to  ex- 
pose  the  individual  insulated  cores; 

wherein  the  neutral  core  of  the  main  cable  is  of 
different  construction  from  the  cores  of  the  three 
phases; 

the  joint  comprising: 
(a)  a  first,  generally-planar  part  (2)  of  a  cruciform- 
shaped  core  separator  (4)  comprising  two  inter- 
engaging  parts  (2,  10)  located  between  cores  of 
the  main  cable; 

wherein  the  second  part  (10)  of  the  core 
separator  (4)  is  located  between  cores  of  the 
main  cable  substantially  at  right  angles  to  and 
passing  through  the  first  part  (2),  the  so-formed 
separator  (4)  defining  one  sector  (18)  that  is 
shaped  to  receive  only  the  neutral  core  of  the 
main  cable; 
(b)  means  (22)  within  the  joint  such  that  the  sep- 
arator  (14),  when  secured  with  respect  to  the 
main  cable,  can  adopt  only  one  predetermined 
orientation; 
(c)  a  cable  connecting  arrangement  for  providing 
electrical  connection  between  the  four  cores  of 
the  main  cable  and  respective  ones  of  the  cores 
of  the  branch  cable,  the  arrangement  comprising 

6 



11  EP  0  521  714  A2  12 

two  pairs  of  biassed  insulation-piercing  contact 
members  (46,  48),  each  pair  of  members  being 
operable  by  an  actuation  member  (44)  that  urges 
the  contact  members  (46,  48)  into  respective  sec- 
tors  of  the  core  separator  and  into  electrical  con-  5 
tact  with  the  conductor  of  the  cable  core  located 
therein,  wherein  the  shaping  of  the  contact  mem- 
ber  (46)  for  the  neutral  core  corresponds  to  the 
shaping  of  the  neutral  sector  (18)  so  as  to  be  re- 
ceived  only  into  that  sector  (1  8),  and  wherein  the  10 
cable  connection  arrangement  is  arranged  with 
respect  to  the  orientation  means  (22)  so  as  to  al- 
low  only  the  neutral  contact  member  (46)  to  enter 
the  neutral  sector  (18);  and 
(d)  a  housing  (20)  encompassing  the  cut-back  15 
portions  of  the  main  cable,  the  core  separator  (4) 
and  the  cable  connecting  arrangement,  the  hous- 
ing  (20)  being  sealed  on  to  the  main  and  branch 
cables. 
10.  A  method  of  forming  a  cable  joint  wherein  a  20 

core  separator  (4)  and/or  a  cable  connection  arrange- 
ment  according  to  any  one  of  the  preceding  claims  is 
applied  to  the  cable. 
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