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©  Staple  cable  strain  relief. 

©  An  electrical  connector  (10)  has  a  housing  (12) 
containing  multiple  electric  terminals  (18).  A  multiple 
conductor  cable  passes  through  an  opening  in  the 
housing  with  each  of  the  conductors  terminated  to 
the  conductor  terminating  portion  of  a  respective  one 
of  the  terminals  (18).  A  strain  relief  region  (20)  is 
bounded  by  two  sides  (42,44)  and  and  a  bottom 
abutment  surface.  Each  of  the  sides  has  spaced 
mutually  facing  engagement  surfaces  (42,44).  A  U- 
shaped  staple  (30)  has  a  bight  (52)  and  two  legs 
(54,56)  extending  therefrom  to  respective  free  ends 
(55,57).  Each  leg  (54,56)  is  of  an  appropriate  cross 
section,  having  large  edges  (62)  and  small  edges 
(64),  the  small  edges  (64)  include  a  plurality  of  barbs 
(66)  spaced  therealong  in  penetrating  contact  with 
the  engagement  surfaces  (42,44).  As  the  staple  (30) 
is  inserted  into  the  connector  housing  (12)  to  a 
predetermined  position,  the  cable  is  compressed 
into  the  remaining  space  between  the  staple  (30) 
and  the  abutment  surface  such  that  the  cable  is 
compressed  a  predetermined  amount,  thereby  pro- 
viding  strain  relief. 

58 

64 

64 

57 

F T Q . B  
62 

64  55 00 

00  

eg 

CO 

54 

LU 

Xerox  Copy  Centre 



EP  0  342  828  A1 

16 

F T p . E  

1a 



EP  0  342  828  A1 

STAPLE  CABLE  STRAIN  RELIEF 

the  terminals.  A  strain  relief  region  is  bounded  by 
two  sides  and  and  a  bottom  abutment  surface. 
Each  of  the  sides  has  spaced  mutually  facing  en- 
gagement  surfaces.  A  U-shaped  staple  has  a  bight 

5  and  two  legs  extending  therefrom  to  respective  free 
ends.  Each  leg  is  of  an  appropriate  cross  section, 
having  large  edges  and  small  edges,  the  small 
edges  include  a  plurality  of  barbs  spaced  therea- 
long  in  penetrating  contact  with  the  engagement 

10  surfaces.  As  the  staple  is  inserted  into  the  connec- 
tor  housing  to  a  predetermined  position,  the  cable 
is  compressed  into  the  remaining  space  between 
the  staple  and  the  abutment  surface  such  that  the 
cable  is  compressed  a  predetermined  amount, 

75  thereby  providing  strain  relief. 
In  a  preferred  embodiment,  the  the  overall  di- 

mension  between  opposing  barbs  on  the  legs  of 
the  U-shaped  staple  increases  from  the  free  end  of 
the  legs  toward  the  bight  of  the  staple.  Each  barb 

20  thus  plows  through  connector  housing  material  not 
disturbed  by  a  previous  barb.  Each  staple  leg  is 
forced  into  the  space  between  engagement  sur- 
faces  with  the  relatively  harder  staple  barbs  digging 
into  the  relatively  softer  housing.  Staples  are  in- 

25  serted  into  a  connector  housing  a  predetermined 
distance  to  obtain  a  desired  cable  compression. 
The  predetermined  insertion  distance  is  selectable 
in  infinitely  small  increments.  The  barbs,  designed 
for  penetrating  contact,  achieve  local  deformation 

30  of  the  engagement  surface.  Some  springback  of 
the  surface  above  the  barbs  is  obtained  because  of 
the  elasticity  of  the  housing  material.  With  a  prop- 
erly  shaped  barb,  a  substantial  holding  strength  is 
achieved.  There  is  also  interference  on  the  sides  of 

35  the  barbs  where  material  is  not  displaced  by  the 
high  local  compressive  force.  This  functions  to 
restrain  the  legs  of  the  staple  against  movement 
transverse  thereto. 

With  the  cable  in  place,  the  staple  is  pressed 
40  into  the  connector  housing  a  predetermined  dis- 

tance  to  achieve  the  desired  cable  compression. 
The  predetermined  distance  may  not  only  be  pre- 
cisely  selected  for  a  particular  cable,  but  a  range  of 
cable  sizes  may  use  the  same  connector  housing 

45  size  or  staple  size  by  modifying  the  insertion  depth 
of  the  staple  in  a  particular  housing  to  compress 
the  cable,  in  each  case,  a  predetermined  amount. 
As  various  tensile  and  bending  forces  are  placed 
on  the  cable  they  are  resisted  by  the  compressed 

so  contact  between  the  cable,  the  housing  opposite 
the  staple  bight,  and  the  staple,  and  are  thus  trans- 
ferred  to  the  connector  housing. 

Movement  of  the  staple  legs  is  resisted  in  all 
directions.  The  high  penetrating  force  secures  the 
staple  in  the  connector  housing  so  as  to  resists 

The  invention  relates  to  strain  relief  and,  in 
particular,  to  a  staple  strain  relief  which  cooperates 
with  a  connector  back  shell  to  provide  strain  relief 
for  a  variety  of  cable  sizes  received  in  the  back 
shell  of  an  electrical  connector. 

When  electrically  terminating  conductors  or  ca- 
bles  to  an  electrical  connector,  strain  relief  arrange- 
ments  are  known  which  minimize  forces  placed  on 
the  electrical  terminations.  The  cable  is  secured  to 
the  housing  to  transfer  thereto  forces  to  which  the 
cable  is  subjected. 

As  multiple  conductor  cables  of  smaller  size 
are  made,  strain  relief  becomes  more  critical. 
Smaller  electrical  connections  are  more  sensitive  to 
strain  forces,  less  space  available  for  the  leads 
decreases  flexibility,  and  the  multiplicity  of  conduc- 
tors  pose  interference  problems  between  the  var- 
ious  conductors  which  further  decreases  flexibility. 
In  such  connectors,  rigidity  is  desirable  in  the  strain 
relief  system. 

Good  strain  relief  of  a  cable  terminated  to  a 
connector  requires  proper  compression  of  the  ca- 
ble.  Too  much  compression  can  reduce  the  cross- 
sectional  area  of  conductor  strands  or  in  the  ex- 
treme  break  conductor  strands  while  too  little  com- 
pression  of  the  cable  permits  undesirable  move- 
ment  of  the  cable  within  the  strain  relief  structure. 
The  clamping  member  receiving  force  from  the 
cable  should  also  be  rigid  for  all  directions  of  force 
applied  by  the  cable. 

Some  prior  art  strain  relief  systems  have  used 
latching  segments  in  serrated  form  which  engage 
corresponding  segments  only  at  stepped  locations. 
Those  strain  relief  systems,  which  require  move- 
ment  of  fingers  in  a  direction  perpendicular  to  the 
cable  axis,  lock  into  place  only  after  excessive 
compression  of  the  cable.  An  excessively  com- 
pressed  cable  will  not  fully  spring  back  even  when 
the  cable  is  not  damaged  by  the  overcompression. 
The  full  effect  of  the  compression  is  therefore  not 
achieved.  Such  strain  relief  systems  are  also  sus- 
ceptible  to  movement  of  the  connector  in  a  direc- 
tion  transverse  to  the  latching  teeth. 

There  is  disclosed  in  US-A-  4,781-615  an  elec- 
trical  connector  having  a  housing  having  a  plurality 
of  contacts.  The  housing  has  a  cable  receiving 
opening  adapted  to  receive  therein  a  multiple  con- 
ductor  cable  and  a  multiport,  bolted  strain  relief 
system  for  the  multiple  conductor  cable. 

In  accordance  with  the  present  invention,  an 
electrical  connector  has  a  housing  containing  mul- 
tiple  electric  terminals.  The  housing  has  an  opening 
through  which  a  multiple  conductor  cable  can  pass 
with  each  of  the  conductors  terminated  to  the  con- 
ductor  terminating  portion  of  a  respective  one  of 
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forces  toward  and  away  from  barbs.  The  deformed 
housing  material  resists  force  that  would  tend  to 
pull  the  staple  out  of  the  housing.  The  undisturbed 
material  alongside  each  barb  resists  forces  in  the 
remaining  direction.  This  rigid  locking  of  the  staple 
deters  bending  of  the  staple  caused  by  forces 
placed  on  it  by  the  cable,  thereby  maintaining 
secure  contact  between  the  cable  and  the  connec- 
tor  housing,  and  maintaining  the  integrity  of  the 
strain  relief. 

In  yet  another  preferred  embodiment,  the  sta- 
ple  provides  a  ground  path  from  a  sheath  on  a 
shielded  cable  to  the  connector  housing.  The 
ground  path  is  completed  by  folding  the  sheath 
back  over  the  cable  insulation  with  the  sheath  com- 
pressed  between  the  insulation  and  the  staple  and 
housing. 

The  invention  will  now  be  described  by  way  of 
example  with  reference  to  the  accompanying  draw- 
ings,  in  which: 

FIGURE  1  is  a  top  view  of  a  connector,  with 
the  back  shell  cover  plate  removed,-  incorporating 
the  staple  strain  relief  of  the  present  invention; 

FIGURE  2  is  an  exploded  view  of  the  con- 
nector  without  the  cable  and  staple; 

FIGURE  3  is  a  sectional  view  through  the 
cable  restraint  opening  taken  along  the  lines  3-3  in 
Figure  1  with  the  cable  removed  for  clarity; 

FIGURE  4  is  a  partial  sectional  view  taken 
along  the  lines  showing  the  staple  location; 

FIGURE  5  is  a  partial  sectional  view  similar 
to  Figure  4  showing  the  restrained  cable; 

FIGURE  6  is  an  isometric  view  of  the  staple; 
and 

FIGURE  7  is  a  detail  end  view  of  a  staple 
showing  the  barbs. 

An  electrical  connector  10  includes  a  back 
shell  or  housing  12  and  a  back  shell  cover  plate  14, 
both  typically  fabricated  of  an  electrically  conduc- 
tive  material  such  as  die  cast  zinc.  Back  shell 
cover  plate  14  is  securable  to  housing  12  such  as 
by  screws  13  passing  through  apertures  5  and 
being  threaded  into  recesses  17.  Within  back  shell 
12  is  terminal  spacer  block  16  having  a  plurality  of 
electric  terminals  18  secured  therein.  Terminals  18 
have  a  mating  portion  21  and  a  conductor  terminat- 
ing  portion  19.  Conductors  38  are  terminated  to 
terminating  portion  19  of  terminals  18.  A  cable 
receiving  opening  20  is  located  in  the  housing  as 
part  of  the  strain  relief  system  hereinafter  de- 
scribed.  A  somewhat  circular  opening  22  is  located 
in  back  shell  12  spaced  from  opening  20  for  cable 
36  to  pass  through.  A  more  detailed  description  of 
connector  10  and  terminal  spacer  block  16  as  well 
as  the  termination  of  conductors  38  to  contacts  18 
is  found  in  copending  applications  Serial  Nos. 
090,294  entitled  Key  Retention  System  and 

090,296  entitled  Cable  Terminating  Cover  Reten- 
tion  System,  both  of  which  were  filed  August  31, 
1987,  and  both  of  which  are  hereby  incorporated 
by  reference. 

5  The  cable  strain  relief  opening  20  as  shown  in 
more  detail  in  Figures  3,  4  and  5  is  bounded  by 
two  substantially  parallel  sides  24,26  and  a  bottom 
abutment  surface  28.  The  fourth  side  is  preferably 
left  open  to  better  receive  staple  30  and  when 

10  closed  is  comprised  of  bight  52  of  staple  30. 
A  transverse  boss  32  forms  part  of  the  bottom 

abutment  surface  and  includes  transverse  recess 
or  groove  34.  This  conventional  boss  enhances  the 
holding  or  securing  of  multiconductor  cable  36. 

15  Cable  36  contains  the  multiple  insulated  conductors 
38  which  are  terminated  to  terminating  portion  19 
of  terminals  18.  Cable  36  may  have  a  sheath  in  the 
form  of  braided  shielding  40,  which  if  present  is 
folded  back  to  contact  staple  30  or  back  shell  12 

20  completing  an  electrical  path,  typically  ground,  be- 
tween  braided  shield  40  and  staple  30,  thence 
housing  12  or  directly  between  braided  shield  40 
and  housing  12.  The  electrical  path  is  then  contin- 
ued  from  back  shell  12  to  the  housing  of  a  com- 

25  plementary  connector  left  (not  shown  to  which  con- 
nector  10  is  mated. 

Each  of  the  parallel  sides  24  and  28  has  two 
mutual  facing  parallel  engagement  surfaces  42  and 
44  defining  therebetween  a  channel  43  in  conjunc- 

30  tion  with  a  sidewall  of  housing  12.  Channel  43  is 
sized  to  received  a  staple  leg  54,56.  Engagement 
surfaces  42,44  and  channel  43  therebetween  pref- 
erably  extend  down  beyond  the  top  of  boss  32. 
Surfaces  42  and  44  are  each  planular  surfaces 

35  without  any  serrations  therein.  Staple  30  is  sized  to 
be  forced  into  channel  43  to  compress  and  secure 
cable  36  thereby  providing  strain  relief  thereto. 
Staple  30  has  a  bight  52  with  two  legs  54  and  56 
extending  therefrom  to  respective  free  ends  55,57. 

40  Recess  or  aperture  58  may  be  placed  in  the  bight 
of  staple  30  to  improve  the  cable  gripping  capabil- 
ity.  A  widened  portion  60  in  the  center  of  bight  52 
compensates  for  material  removed  by  the  aperture 
and  stiffens  the  center  of  the  bight  against  bending. 

45  Each  leg  54,56  is  rectangular  in  cross  section 
having  first  and  second  major  edges  62  as  well  as 
first  and  second  minor  edges  64.  Barbs  66  are 
located  on  each  minor  edge.  Each  leg  is  monolithic 
so  that  there  is  great  resistance  to  inward  forces 

so  against  the  barbs.  A  taper  extending  rearward  from 
the  direction  of  insertion  of  staple  30,  preferably 
30°,  facilitates  entry  of  staple  30  into  channel  43 
without  damage  to  cable  36. 

Staple  30  is  of  a  relatively  hard  material  such 
55  as  steel,  and  is  typically  electrically  conductive. 

Barbs  66  engage  and  penetrate  the  engagement 
surfaces  42  and  44  which  are  of  a  relatively  softer 
material.  Thus,  barbs  66  provide  an  interference  fit 
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travel.  As  stated  above,  typical  cable  deformation  is 
in  the  range  of  20  to  25%  volume  reduction.  Thus, 
a  given  staple  size  may  be  employed  in  a  variety 
of  housing  sizes  to  provide  strain  relief  to  a  variety 

5  of  cable  sizes. 
The  extremely  rigid  three  dimensional  strain 

relief  of  this  staple  strain  relief  system  has  been 
found  to  produce  superior  strain  relief.  When  cable 
36  is  subjected  to  forces,  the  strain  relief  provided 

w  by  staple  30  rigidly  resists  movement  of  the  staple, 
as  well  as  conductors  between  the  staple  and  ter- 
minals  18,  in  a  direction  opposite  to  the  direction  of 
insertion  of  staple  30  in  housing  1  2  due  to  barbs  66 
biting  into  housing  12.  The  engaged  barbs  66  pro- 

75  vide  an  interference  fit  with  housing  12  that  rigidly 
resists  forces  tending  to  pull  the  staple  out.  Barbs 
66  also  provide  electrical  continuity  between  staple 
30  and  housing  12.  When  cable  36  is  subjected  to 
forces,  the  strain  relief  provided  by  staple  30  also 

20  rigidly  resists  movement  of  the  staple  normal  to 
axis  83  and  normal  to  the  axis  of  cable  36.  The 
resistance  to  movement  is  enhanced  by  barbs  66 
being  received  in  a  minor  groove  in  surfaces  42,46 
formed  by  barbs  66  displacing  housing  material 

25  during  insertion  of  staple  30.  The  rigidity  of  the 
strain  relief  tends  to  prevent  bending  of  the  cable 
from  shifting  and  loosening  the  strain  relief  system. 

with  engagement  surfaces  42,44  that  secure  staple 
30  in  channels  43  of  housing  12. 

Referring  to  Figure  7,  the  tip-to-tip  dimension 
68  of  lower  barbs  70  nearest  to  the  free  end  55  of 
leg  54,  or  nearest  to  the  free  end  57  of  leg  56,  is 
slightly  greater  than  the  spacing  between  engage- 
ment  surfaces  42  and  44.  As  staple  30  is  pressed 
into  channel  43  between  surfaces  42  and  44,  the 
engagement  surfaces  are  locally  deformed  by  the 
lower  barbs  70  with  some  spring  back.  The  tip-to- 
tip  dimension  72  of  barbs  74  is  slightly  greater  than 
the  dimension  68  such  that  barbs  74,  upon  inser- 
tion  of  staple  30,  plow  through  housing  material 
proximate  engagement  surfaces  42,44  that  was  un- 
disturbed  by  barbs  70.  The  tip-to-tip  dimension  76 
of  barbs  78  is  slightly  greater  than  dimension  72 
such  that  barbs  76,  upon  insertion  of  staple  30, 
plow  through  housing  material  proximate  engage- 
ment  surfaces  42,44  that  was  undisturbed  by  barbs 
74.  The  tip-to-tip  dimension  80  of  barbs  82  is 
slightly  greater  than  dimension  76  such  that  barbs 
82,  upon  insertion  of  staple  30,  plow  through  hous- 
ing  material  proximate  engagement  surfaces  42,44 
that  was  undisturbed  by  barbs  78.  Thus  during 
insertion,  any  partial  permanent  deformation  caus- 
ed  by  a  preceding  set  of  barbs  does  not  preclude 
engagement  between  a  subsequent  set  of  barbs 
and  housing  12.  Variations  in  tip-to-tip  dimensions 
of  barbs  due  to  tolerances  is  also  accounted  for. 

A  lead-in  taper  84,  preferably  20°  from  the 
longitudinal  axis  83  of  legs  54  and  56,  facilitates 
entry  of  staple  30  into  channel  43.  A  similar  lead-in 
taper  86,  preferably  20°,  on  the  underside  of  each 
barb  66,  facilitates  insertion  of  staple  30.  The  upper 
surface  88  of  each  barb  66  is  preferably  normal  to 
longitudinal  axis  83.  Tip  90  of  each  barb  66  prefer- 
ably  is  sharp  to  maximize  the  local  force  con- 
centration. 

In  use,  cable  36  is  placed  in  openings  20  and 
22  preferably  with  braided  shield  40  folded  back 
over  the  outside  of  the  insulation  of  multiconductor 
cable  36.  Staple  30  is  then  inserted  with  legs  54 
and  56  received  in  channels  43  and  bight  52  trans- 
verse  to  the  axis  of  cable  36  and  spanning  from 
one  channel  43  to  the  other.  Staple  30  is  inserted 
into  channels  43  to  a  predetermined  position,  com- 
pressing  cable  36  to  provide  strain  relief.  The  de- 
sired  cable  deformation,  usually  in  the  range  of  20 
to  25%  volume  reduction,  is  predetermined.  In  the 
compressed  state,  cable  36  substantially  fills  the 
remaining  space  between  bight  52,  legs  54,56  and 
boss  38.  Cable  36  also  bulges  or  protrudes  around 
staple  30  and  in  the  provided  recesses  34,58. 

The  staple  30  travels  linearly  into  position  with- 
out  movement  axially  along  cable  36.  Accordingly, 
all  cable  compression  is  retained.  The  final  staple 
30  position  is  predetermined  to  provide  the  desired 
strain  relief,  and  may  be  at  any  point  along  the 

30  Claims 

1.  An  electrical  connector  (10),  including  a 
housing  (12)  having  a  plurality  of  contacts  (18) 
disposed  therein,  a  cable-receiving  opening  (22)  in 

35  said  housing  (12)  adapted  to  receive  therein  a 
multiple  conductor  cable  (36),  said  cable-receiving 
opening  (22)  defining  an  axis,  said  opening  (22) 
bounded  by  two  sides  (24,26)  and  a  bottom  abut- 
ment  surface  (28),  characterized  by  each  of  said 

40  sides  (24,26)  having  two  spaced  mutually  facing 
engagement  surfaces  (42,44)  defining  a  channel 
(43)  therebetween,  a  U-shaped  staple  (30)  having  a 
bight  (52)  and  two  legs  (54,56)  extending  there- 
from,  said  legs  (54,56)  being  of  a  cross-section 

45  having  major  edges  (62)  and  minor  edges  (64)  with 
barb  means  (66)  on  each  of  said  minor  edges  (64), 
said  U-shaped  staple  (30)  adapted  to  be  received 
in  said  cable-receiving  opening  (22)  with  said  legs 
(54,56)  received  in  said  channels  (43),  said  barb 

so  means  (66)  adapted  to  engage  said  engagement 
surfaces  (42,44)  in  an  interference  fit,  said  staple 
(30)  adapted  to  compress  a--cable  (36)  passing 
through  said  cable-receiving  opening  (22)  upon  in- 
sertion  of  said  staple  legs  (54,56)  into  said  chan- 

55  nels  (43)  with  said  bight  of  said  staple  (30)  span- 
ning  between  said  sides  (24,26),  the  cable  (36) 
adapted  to  be  compressed  between  said  staple 
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bight  (52),  said  legs  (54,56)  and  said  bottom  abut- 
ment  surface  (28),  whereby  strain  relief  is  provided 
to  the  cable  (36). 

2.  An  electrical  connector  (10)  as  recited  in 
claim  1,  characterized  in  that  a  multiconductor  ca-  5 
ble  (36)  is  received  in  said  cable-receiving  opening 
(22)  with  each  of  the  conductors  of  the  multicon- 
ductor  cable  (36)  terminated  to  a  respective  contact 
(18). 

3.  An  electrical  connector  (10)  as  recited  in  io 
claim  1  or  claim  2,  further  characterized  in  that  the 
barb  means  comprise  at  least  two  barbs  (66)  on 
each  minor  edge  (64),  with  a  barb  (66)  on  a  first 
minor  edge  of  a  leg  (54;56)  associated  with  a  barb 
(66)  on  a  second  minor  edge  (64)  of  the  leg  75 
(54;56),  the  associated  barbs  (66)  defining  a  tip-to- 
tip  barb  dimension  (68)  from  the  tip  of  one  of  said 
associated  barbs  to  the  tip  of  the  other  associated 
barb,  said  tip-to-tip  barb  dimension  (68)  decreasing 
on  associated  barbs  (66)  from  the  bight  (52)  to  the  zo 
free  end  (55;57)  of  said  leg  (54;56). 

4.  An  electrical  connector  (10)  as  recited  in 
claim  1  or  claim  2,  further  characterized  in  that  the 
barb  means  (66)  are  a  harder  material  than  the 
engagement  surfaces  (42,44).  25 

5.  An  electrical  connector  (10)  as  recited  in 
claim  1  or  claim  2,  further  characterized  in  that 
each  of  said  legs  (54,56)  is  monolithic,  whereby 
there  is  solid  material  between  barb  means  (66)  on 
opposing  minor  edges  (64)  of  each  leg  (54,56).  30 

6.  An  electrical  connector  (10)  as  recited  in 
claim  1  or  claim  2,  further  characterized  in  that  the 
bight  (52)  has  a  recess  (58)  extending  thereinto. 

7.  An  electrical  connector  (10)  as  recited  in 
claim  1  or  claim  2,  further  characterized  in  that  the  35 
bottom  abutment  surface  (28)  includes  a  boss  (32). 

8.  An  electrical  connector  (10)  as  recited  in 
claim  1  further  characterized  in  that  the  boss  (32) 
has  a  recess  (34)  therein  to  enhance  strain  relief. 

9.  An  electrical  connector  (10)  as  recited  in  40 
claim  2,  further  characterized  in  that  the  cable  (36) 
further  comprises  a  shielding  member  (40),  said 
shielding  member  (40)  passing  through  said  cable- 
receiving  opening  (22)  and  received  against  said 
staple  (30),  thereby  completing  an  electrical  path  45 
from  said  shielding  member  (40)  to  said  staple 
(30),  thence  to  said  housing  (12). 

10.  An  electrical  connector  (10)  as  recited  in  an 
2,  further  characterized  in  that  the  cable  (36)  further 
comprises  a  shielding  member  (40),  said  shielding  50 
member  (40)  passing  through  said  cable-receiving 
opening  (22)  and  received  against  said  housing 
(12),  thereby  completing  an  electrical  path  from 
said  shielding  member  (40)  to  said  housing  (12). 

55 
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