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Electrical  connector. 

trailing  portions  of  the  electric  cables  (30).  The  end 
cap  (46)  is  configured  to  maintain  the  integrity  of  the 
seal  chamber  (66),  to  permit  the  electric  cables  (30) 
to  pass  out  of  the  common  cavity  (50)  at  the  cable 
end  of  the  connector  body  (20),  to  assure  that  the 
electrical  terminals  (28)  are  properly  located  in  the 
terminal  cavities  (26)  of  the  connector  body  (20)  and 
to  provide  strain  relief  in  cooperation  with  portions  of 
the  connector  body  (20). 

©  An  electrical  connector  (10)  comprising  a  mul- 
tiple  terminal  connector  body  (20)  has  a  sturdy  and 
easily  installed  end  cap  (46)  that  is  secured  to  the 
connector  body  (20)  for  sealing  the  cable  ends  (24). 
The  end  cap  (46)  includes  a  seal  chamber  (66)  that 
is  disposed  in  a  common  cavity  (50)  at  the  cable 
end  (24)  of  the  connector  body  (20)  and  contains  a 
compliant  sealing  material  (68)  which  seals  the  open 
ends  of  the  terminal  cavities  (26)  and  encapsulates 
projecting  ends  of  the  electrical  terminals  (28)  and 
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This  invention  relates  generally  to  electrical 
connectors  and  more  specifically  to  electrical  con- 
nectors  for  electrical  cable  that  are  sealed  by  com- 
pliant  sealing  material  at  the  cable  end. 

Connectors  of  this  type  are  already  known  from 
U.S.  Patent  3,555,171,  U.S.  Patent  3,775,615,  U.S. 
Patent  3,897,129,  U.S.  Patent  4,634,207,  U.S.  Pat- 
ent  4,662,692  and  U.S.  Patent  4,875,870.  While 
these  connectors  are  useful  in  particular  circum- 
stances,  each  has  one  or  more  drawbacks  so  that  it 
is  not  completely  satisfactory,  particularly,  in  the 
case  of  sealing  the  cable  end  of  multiple  terminal 
electrical  connectors. 

An  object  of  this  invention  is  to  provide  an 
improved  electrical  connector  for  electric  cable. 

Accordingly,  an  aspect  of  the  present  invention 
provides  an  electrical  connector  as  defined  in  claim 
1. 

The  invention  can  provide  improved  means  for 
sealing  the  cable  end  of  the  electrical  connector, 
for  example  when  multiple  electric  terminals  and 
cables  are  involved.  It  can  also  provide  means  for 
sealing  the  cable  end  of  a  multiple  terminal  elec- 
trical  connector  which  is  sturdy  and  easy  to  install. 

The  invention  can  provide  an  improved  elec- 
trical  connector  having  improved  sealing  means  for 
sealing  the  cable  end  of  the  electrical  connector 
which  can  relieve  strain  and  assure  that  the  electric 
terminals  are  properly  seated  in  the  electrical  con- 
nector. 

There  may  be  provided  an  end  cap  that  seals 
the  cable  end  of  the  electrical  connector  as  well  as 
assures  that  the  electric  terminals  are  properly 
seated  in  the  electrical  connector.  Preferably,  the 
end  cap  also  provides  strain  relief. 

Advantageously,  the  end  cap  is  a  simple  snap- 
on  end  cap. 

The  end  cap  may  include  a  chamber  contain- 
ing  compliant  sealing  material  for  sealing  the  cable 
end  of  the  electrical  connector.  In  an  embodiment, 
the  end  cap  comprises  means  for  securing  it  to  the 
electrical  connector  that  do  not  perforate  or  inter- 
rupt  the  walls  of  the  chamber  containing  compliant 
sealing  material  for  sealing  the  cable  end  of  the 
electrical  connector. 

The  end  cap  may  cooperate  with  the  connector 
body  of  the  electrical  connector  to  bend  the  elec- 
tric  cables  so  as  to  provide  improved  strain  relief. 

The  end  cap  is  preferably  made  so  as  not  to 
have  perforations,  interruptions,  slits  or  the  like  for 
electric  cables  to  exit  from  the  chamber  containing 
compliant  sealing  material  for  sealing  the  cable  end 
of  the  electrical  connector. 

An  embodiment  of  the  present  invention  is 
described  below,  by  way  of  illustration  only,  with 
reference  to  the  accompanying  drawings,  in  which: 

Figure  1  is  longitudinal  section  of  an  embodi- 
ment  of  electrical  connector; 

Figure  2  is  a  section  taken  substantially  along 
line  2-2  of  Figure  1  looking  in  the  direction  of 
the  arrows; 
Figure  3  is  a  section  taken  substantially  along 

5  line  3-3  of  Figure  1  looking  in  the  direction  of 
the  arrows; 
Figure  4  is  a  section  taken  substantially  along 
line  4-4  of  Figure  1  looking  in  the  direction  of 
the  arrows; 

10  Figure  5  is  a  section  taken  substantially  along 
line  5-5  of  Figure  4  looking  in  the  direction  of 
the  arrows; 
Figure  6  is  an  end  view  of  the  electrical  connec- 
tor  (with  an  end  cap  removed)  taken  substan- 

75  tially  along  line  6-6  of  Figure  1  looking  in  the 
direction  of  the  arrows; 
Figure  7  is  a  plan  view  showing  a  stage  of 
manufacture  of  end  caps  for  the  electrical  con- 
nector  shown  in  Figures  1  to  6;  and 

20  Figure  8  is  a  vertical  section  of  end  cap  taken 
along  line  8-8  of  Figure  7  looking  in  the  direction 
of  the  arrows. 

Referring  now  to  the  drawings,  particularly  Fig- 
ure  1,  an  electrical  connector  10  is  shown  con- 

25  nected  to  an  electrical  device  12,  such  as  a  tem- 
perature  sensor,  that  includes  a  mating  electrical 
connector  14  comprising  a  socket  16  and  blade  or 
pin  terminals  18  that  project  into  the  socket  16. 

The  electrical  connector  10  comprises  a  con- 
30  nector  body  20  having  a  contact  end  22,  a  cable 

end  24  and  a  plurality  of  terminal  cavities  26  which 
extend  through  the  connector  body  from  the  con- 
tact  end  22  to  the  cable  end  24.  A  plurality  of 
electrical  terminals  28  attached  to  electric  cables 

35  30  are  disposed  in  respective  terminal  cavities  26 
so  that  trailing  portions  of  the  electric  cables  30 
extend  out  of  the  terminal  cavities  26  at  the  cable 
end  24  of  the  connector  body  20.  The  electrical 
terminals  28  are  properly  positioned  and  retained 

40  in  the  terminal  cavities  26  by  a  front  wall  at  the 
contact  end  22  of  the  connector  body  20  and  latch 
shoulders  in  the  terminal  cavities  26  that  are  en- 
gaged  by  latch  tangs  of  the  terminals  28,  as  best 
shown  in  Figure  1. 

45  The  connector  body  20  further  includes  a 
shroud  32  that  fits  over  the  connector  14  when  the 
connector  body  20  is  plugged  into  the  socket  16. 
The  shroud  32  has  an  inner  conical  portion  34  of 
circular  cross-section  and  an  outer  oval  shaped 

so  portion  36.  The  inner  conical  portion  34  supports 
an  elastomeric  O-ring  38  that  has  a  circular  section 
when  installed.  The  tip  of  the  connector  14  has  an 
outer  conical  surface  40  that  is  at  substantially  the 
same  angle  as  the  inner  surface  of  the  inner  coni- 

55  cal  portion  34.  The  elastomeric  O-ring  38  is  elas- 
tically  distorted  by  this  inner  surface  to  seal  against 
the  outer  conical  surface  40  at  the  tip  of  the  con- 
nector  14  when  the  connector  body  20  is  plugged 
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of  the  trailing  portions  of  the  electric  cable  30  to  be 
completely  encapsulated  as  explained  below. 

The  end  cap  46  comprises  an  end  wall  58,  an 
outer  hood  60  that  is  integrally  attached  to  an  outer 

5  edge  of  the  end  wall  58  and  an  inner  hood  62  that 
is  integrally  attached  to  the  end  wall  58  inwardly  of 
the  outer  hood  60.  The  inner  hood  62  is  spaced 
from  the  outer  hood  60  so  that  the  longitudinal 
hood  48  of  the  connector  body  20  fits  between  the 

w  inner  and  outer  hoods  62  and  60  as  best  shown  in 
Figures  1,  4  and  5.  Thus  when  attached,  the  end 
cap  46  has  an  outer  hood  60  that  is  disposed 
outside  the  longitudinal  hood  48  of  the  connector 
body  20  and  an  inner  hood  62  that  is  disposed 

75  inside  the  longitudinal  hood  48. 
The  end  cap  46  further  includes  a  lip  64  that  is 

integrally  attached  to  a  lower  edge  of  the  end  wall 
58  and  to  the  lower  ends  of  the  inner  and  outer 
hoods  62  and  60.  The  lip  64,  the  inner  hood  62  and 

20  the  end  wall  58  cooperatively  form  a  seal  chamber 
66  containing  a  compliant  sealing  material  68  that 
seals  the  cable  end  of  the  electrical  connector  10 
when  the  end  cap  46  is  secured  to  the  connector 
body  20  as  best  shown  in  Figures  1  and  5. 

25  A  preferred  compliant  sealing  material  68  is 
silicone  dielectric  gel  such  as  Sylgard  527  mar- 
keted  by  Dow  Corning  Corporation.  This  material  is 
a  two  component,  transparent  silicone  encapsulant 
specially  designed  to  seal,  protect  and  preserve 

30  electrical  characteristics.  The  two  parts  of  the  sili- 
cone  dielectric  gel  may  be  mixed  in  various  ratios 
depending  upon  the  firmness  and  cure  rates  de- 
sired. 

The  end  cap  46  containing  the  compliant  seal- 
35  ing  material  is  secured  to  the  hood  48  of  the 

connector  body  20  by  snap-on  retaining  means 
comprising  lock  shoulders  70  of  the  end  cap  46 
and  cooperating  outwardly  projecting  lock  nibs  72 
of  the  longitudinal  hood  48.  The  end  cap  46  is 

40  secured  to  the  longitudinal  hood  48  simply  by 
pressing  the  end  cap  46  on  the  end  of  the  hood  48 
with  thumb  pressure  which  causes  the  lock  nibs  72 
to  snap  past  and  engage  behind  the  lock  shoulders 
70.  It  should  be  noted  that  the  lock  shoulders  70 

45  are  formed  as  part  of  the  outer  hood  60  by  molding 
slots  in  the  outer  hood  60  that  extend  from  the  end 
wall  58  up  to  an  enlarged  rim  74  of  the  outer  hood 
60.  This  configuration  is  easily  moulded  but  more 
importantly,  location  of  the  lock  shoulders  70  on 

so  the  outer  hood  60  preserves  the  integrity  of  the 
seal  chamber  66.  In  other  words  the  end  cap  46  is 
secured  to  the  electrical  connector  10  by  lock 
shoulders  which  do  not  perforate,  interrupt  or  other- 
wise  compromise  the  walls  of  the  seal  chamber  66 

55  so  that  the  flow  of  compliant  sealing  material  68  for 
sealing  the  cable  end  of  the  electrical  connector  10 
is  controlled  and  contained  when  the  end  cap  46  is 
attached  so  as  to  avoid  unnecessary  loss  of  seal 

into  the  socket  16,  as  best  shown  in  Figure  1. 
The  matching  angles  of  the  inner  surface  of 

conical  portion  34  and  conical  surface  40  are  pref- 
erably  less  than  45  so  that  the  compression  of 
the  elastomeric  O-ring  38  is  less  than  the  longitudi- 
nal  travel  of  the  connectors  10  and  12  during 
engagement.  This  compensates  for  connector  lock 
over-travel  and  O-ring  material  stiffness  while  allow- 
ing  the  sealing  surfaces  of  the  connectors  to  be 
moulded  in  a  conventional  manner. 

The  outer  oval  shaped  portion  36  includes  in- 
wardly  directed  latches  42  at  its  minor  diameter 
which  engage  lock  nibs  44  of  the  electrical  connec- 
tor  14  to  lock  the  electrical  connector  10  to  the 
electrical  device  12. 

The  electrical  connector  10  is  released  and 
pulled  out  of  the  socket  16  in  conventional  manner, 
by  squeezing  the  oval  shaped  portion  36  of  the 
shroud  32  at  its  major  diameter. 

The  electrical  connector  10  includes  an  end 
cap  46  that  is  secured  to  the  connector  body  20  for 
sealing  the  cable  end  24  of  the  connector  body, 
assuring  that  the  electric  terminals  28  are  properly 
positioned  and  retained  in  the  terminal  cavities  26, 
and  providing  strain  relief,  as  is  explained  in  detail 
in  connection  with  Figures  1  ,  4,  5,  6,  7  and  8. 

The  connector  body  20  has  a  longitudinal  hood 
48  at  the  cable  end  24  that  forms  a  common  cavity 
50.  The  common  cavity  50  communicates  with  the 
terminal  cavities  26  and  receives  protruding  por- 
tions  of  the  electric  terminals  28  and  trailing  por- 
tions  of  the  electric  cables  30  that  extend  out  of  the 
terminal  cavities  26.  The  longitudinal  hood  48  is  U- 
shaped  in  cross  section  so  that  the  bottom  of  the 
common  cavity  50  is  open  as  best  shown  in  Figure 
6. 

The  connector  body  20  has  a  partition  wall  52 
between  each  set  of  adjacent  terminal  cavities  26 
that  extends  part-way  into  the  common  cavity  50 
for  isolating  the  protruding  portions  of  the  electrical 
terminals  28  from  each  other.  The  connector  body 
20  also  has  an  anvil  54  beneath  the  terminal  cav- 
ities  26  which  extends  part  way  into  the  common 
cavity  50  crosswise  of  the  terminal  cavities  26.  This 
anvil  54  bends  the  trailing  portions  of  the  electric 
cables  30  substantially  perpendicular  to  the  termi- 
nal  cavities  26  when  the  end  cap  46  is  secured  to 
the  connector  body  20,  as  best  shown  in  Figure  1  . 
The  connector  body  20  further  includes  a  separator 
56  that  is  disposed  below  the  anvil  54  for  spacing 
the  perpendicularly  bent  trailing  portions  of  the 
electric  cables  30  from  each  other.  The  separator 
56  projects  rearwardly  and  downwardly  from  the 
cable  end  24  of  the  connector  body  20  and  into  the 
open  space  at  the  bottom  of  the  U-shaped  hood 
48. 

The  anvil  54  and  the  separator  56  create  a 
channel  57  below  the  anvil  54  which  permits  each 
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material  and/or  a  messy,  sticky  end  cap.  Moreover, 
the  close  proximity  between  the  inner  hood  62  of 
the  end  cap  46  and  the  longitudinal  hood  48  of  the 
connector  body  20  forces  the  compliant  sealing 
material  68  to  completely  fill  the  ends  of  the  termi- 
nal  cavities  26  and  around  the  individual  trailing 
ends  of  the  cables  30  particularly  in  the  area  of  the 
channel  57. 

When  the  end  cap  46  is  secured  to  the  con- 
nector  body  20,  the  lip  64  is  disposed  below  the 
separator  56  and  spaced  from  the  connector  body 
20  to  permit  the  perpendicularly  bent  trailing  ends 
of  the  electric  cables  30  to  pass  out  of  the  common 
cavity  50  at  the  cable  end  of  the  connector  body 
20  and  the  seal  chamber  66.  Moreover,  the  separa- 
tor  56  and  the  lip  64  are  configured  so  that  they 
cooperate  to  bend  the  perpendicularly  bent  trailing 
portions  back  toward  the  contact  end  22  of  the 
connector  body  20  as  best  shown  in  Figure  1  .  This 
reversely  bent  configuration  of  the  trailing  portions 
of  the  electrical  cables  30  provides  an  excellent 
strain  relief. 

Referring  now  to  Figure  7,  the  end  caps  46  are 
preferably  made  of  a  stiff  plastic  material,  such  as 
Hytrel,  which  is  a  block  copolymer  of  a  glycol  (soft 
segment)  and  a  polyester  PTB  marketed  by  E.  I. 
DuPont  de  Nenmours  and  Company.  The  end  caps 
46  are  preferably  molded  in  strip  form  in  which  a 
series  of  end  caps  46  are  integrally  attached  to  a 
carrier  strip  76  for  ease  of  handling  during  the 
manufacturing  process.  The  strip  is  then  delivered 
to  a  fill  station  where  the  seal  chambers  66  are 
filled  with  compliant  sealing  material  68.  When  a 
sealing  material  such  as  the  silicone  dielectric  gel 
Sylgard  527  is  used,  the  two  parts  are  mixed  and 
poured  into  the  seal  chambers  66  in  liquid  form 
and  cured  in  the  end  caps  46.  The  end  caps  46  are 
then  severed  from  the  carrier  strip  76  and  attached 
to  the  connector  body  20. 

An  end  cap  46  having  its  seal  chamber  66 
filled  with  the  cured  sealing  material  68  is  shown  in 
Figure  8.  Such  an  end  cap  46  is  then  simply 
pushed  onto  the  end  of  the  longitudinal  hood  48  at 
the  cable  end  of  the  connector  body  20.  When  the 
end  cap  46  is  secured  in  place,  the  sealing  ma- 
terial  68  closes  the  open  ends  of  the  terminal 
cavities  26  and  encapsulates  the  end  portions  of 
the  electric  terminals  28  and  the  trailing  portions  of 
the  electric  cables  30  as  best  shown  in  Figures  1 
and  5.  It  should  be  noted  that  the  channel  57 
between  the  anvil  54  and  separator  56  ensures  that 
each  trailing  portion  of  the  electric  cables  39  is 
completely  surrounded  and  encapsulated  by  the 
sealing  material  68. 

The  amount  of  sealing  material  66  that  is  ini- 
tially  poured  and  cured  in  the  end  cap  46  is  ad- 
vantageously  sufficient  to  seal  the  ends  of  the 
terminal  cavities  26  completely  and  to  encapsulate 

the  terminal  ends  and  trailing  portions  of  the  elec- 
tric  cables  30  within  the  end  cap  46.  The  amount  of 
sealant  is  preferably  such  that  little  or  no  sealing 
material  escapes  out  of  the  end  cap  46  between 

5  the  lip  64  and  the  connector  body  20. 
It  should  also  be  noted  that  the  end  cap  46  for 

sealing  the  cable  end  of  the  electrical  connector  10 
cannot  be  secured  to  the  electrical  connector  un- 
less  the  electric  terminals  28  are  properly  seated  in 

w  the  terminal  cavities  26  due  to  the  necessary  prox- 
imity  of  the  end  wall  58  which  cooperates  with  the 
anvil  54  to  bend  the  trailing  portions  of  the  cables 
30  perpendicularly. 

Thus  the  snap-on  end  cap  46  not  only  seals 
75  the  cable  end  of  the  electrical  connector  10  but  it 

also  assures  that  the  electric  terminals  28  are  prop- 
erly  seated  in  the  electrical  connector  as  well. 

Claims 
20 

1.  An  electrical  connector  comprising  a  connector 
body  (20)  including  a  cable  end  (24)  and  a 
plurality  of  terminal  cavities  (26)  opening  into  a 
common  cavity  (50)  at  the  cable  end  of  the 

25  connector  body;  a  plurality  of  electrical  termi- 
nals  (28)  attached  to  electric  cables  (30)  and 
disposed  in  respective  terminal  cavities  (26), 
trailing  portions  of  the  electric  cables  being 
disposed  in  the  common  cavity;  and  an  end 

30  cap  (46)  secured  to  the  connector  body  for 
sealing  the  cable  end  of  the  connector  body, 
the  end  cap  including  a  first  hood  (62)  and  a 
lip  (64)  cooperatively  forming  a  seal  chamber 
(66)  with  an  end  wall  (58)  of  the  end  cap,  the 

35  seal  chamber  (66)  communicating  with  the 
common  cavity  (50)  of  the  connector  body  and 
containing  a  compliant  sealing  material  (68)  for 
sealing  the  cable  end  of  the  electrical  connec- 
tor  when  the  end  cap  is  secured  to  the  con- 

40  nector  body. 

2.  An  electrical  connector  according  to  claim  1, 
wherein  the  lip  (64)  of  the  end  cap  is  spaced 
from  the  connector  body  to  permit  the  trailing 

45  portions  of  the  electric  cables  (30)  to  pass  out 
of  the  common  cavity  (50)  at  the  cable  end  of 
the  connector  body. 

3.  An  electrical  connector  according  to  claim  1  or 
50  2,  wherein  the  connector  body  comprises  a 

separator  (56)  extending  into  the  common  cav- 
ity  for  spacing  the  trailing  portions  of  the  elec- 
tric  cables  from  one  another,  the  separator  (56) 
being  disposed  between  the  hood  (62)  and  the 

55  lip  (64). 

4.  An  electrical  connector  according  to  claim  3, 
wherein  the  lip  (64)  is  adapted  to  cooperate 
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with  the  separator  (56)  to  bend  the  trailing 
portions  of  the  electric  cable  so  as  to  provide 
strain  relief. 

5.  An  electrical  connector  according  to  any  one  of  5 
claims  1  to  4,  wherein  the  connector  body 
comprises  an  anvil  (54)  extending  into  the 
common  cavity  (50)  crosswise  of  the  terminal 
cavities  (26)  and  being  adapted  to  bend  the 
trailing  portions  of  the  electric  cables  substan-  10 
tially  perpendicular  to  the  terminal  cavities 
when  the  end  cap  is  secured  to  the  connector 
body. 

6.  An  electrical  connector  according  to  any  pre-  15 
ceding  claim,  wherein  the  end  cap  (46)  com- 
prises  securing  means  (70)  for  securing  the 
end  cap  to  the  connector  body. 

7.  An  electrical  connector  according  to  any  pre-  20 
ceding  claim,  wherein  the  end  cap  comprises 
an  outer  hood  (60),  the  first  hood  (62)  being 
disposed  between  the  outer  hood  and  the 
common  cavity  (50),  the  outer  hood  compris- 
ing  securing  means  (70)  for  securing  the  end  25 
cap  to  the  connector  body. 

8.  An  electrical  connector  according  to  claim  7, 
wherein  the  securing  means  (70)  of  the  outer 
hood  (60)  is  adapted  to  provide  a  snap-fit  on  30 
the  connector  body. 

9.  An  electrical  connector  according  to  any  pre- 
ceding  claim,  wherein  the  end  wall  (58)  of  the 
end  cap  (46)  is  adapted  to  be  in  close  proxim-  35 
ity  to  the  cable  end  of  the  connector  body  (20) 
to  ensure  correct  positioning  of  the  electrical 
terminals  (28). 

10.  An  electrical  connector  according  to  any  pre-  40 
ceding  claim,  wherein  the  connector  body 
comprises  a  partition  wall  (52)  between  each 
set  of  adjacent  terminal  cavities  extending  into 
the  common  cavity  for  isolating  protruding  por- 
tions  of  adjacent  electrical  terminals  from  one  45 
another. 

11.  An  electrical  connector  according  to  any  pre- 
ceding  claim,  wherein  the  compliant  sealing 
material  is  a  gel  sealant.  50 

12.  An  electrical  connector  according  to  any  pre- 
ceding  claim,  wherein  the  compliant  sealing 
material  is  a  silicone  dielectric  gel  adapted  to 
be  cured  in  the  seal  chamber  of  the  end  cap  55 
before  the  end  cap  is  secured  to  the  connector 
body. 
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