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©  Electrical  harness  fabrication  method  and  apparatus. 
©  A  double-ended  electrical  cable  harness  is  produced  in 
which  the  wires  (40)  of  a  first  end  thereof  are  mass  terminated 
to  an  electrical  connector  (14)  having  a  plurality  of  insulation 
displacement  terminals  (18)  (see  Figure  9b).  A  connector  (14) 
is  loaded  onto  a  first  transport  assembly  (50),  and  the  first 
ends  of  the  wires  (40)  are  terminated  to  the  connector  at  a 
termination  station  (58).  The  second  harness  end  is  prepared 
by  removably  mounting  one  of  a  plurality  of  different  mod- 
ules  (68)  to  a  second  transport  assembly  (52),  and  actuating 
the  module  at  the  termination  station  (58)  to  finish  the  second 
harness  end.  The  apparatus  performs  various  operations  on  a 
connector  (14)  having  at  least  two  rows  of  terminal  receiving 
cavities  (32),  stacked  one  on  top  of  the  other  in  a  staggered 
fashion,  so  that  wires  (40)  may  be  inserted  in  each  of  the 
cavities  from  a  common  connector  surface  (20).  The  opera- 
tions  include  elevating  the  connector  (14)  toward  an  array  of 
wires  (40)  so  as  to  form  and  align  the  wires  for  simultaneous 
termination  in  all  of  the  cavities  (32).  Other  operations  include 
separating  a  connector  stick  into  a  number  of  independent 
connector  modules  (46)  (see  Figure  8c),  by  removing  web 
portions  (44)  integrally  molded  with  the  connector  modules 
(46).  Another  operation  includes  removing  polarizing  pegs 
(116)  (Figure  7)  extending  from  one  end  of  a  connector  stick, 
prior  to  its  separation  into  individual  modules  (46). 
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1.  F i e ld   of  the   Invent-  i o n  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   g e n e r a l l y   to  methods  a n d  

5  a p p a r a t u s   for  making  an  e l e c t r i c a l   ha rness   of  the   type  i n c l u d i n g   a  

c o n n e c t o r   having  a  housing  with  i n s u l a t i o n   d i s p l a c e m e n t   t y p e  

c o n t a c t s   loaded  t h e r e i n /   each  c o n t a c t   connected   to  an  i n s u l a t i o n  

c lad   w i r e .  

2.  Br ief   D e s c r i p t i o n   of  the   P r i o r   A r t  

10  M a n u f a c t u r e r s   of  e l e c t r o n i c   p r o d u c t s   today  are  r e l y i n g   o n  

e l e c t r i c a l   h a r n e s s e s   employing  i n s u l a t i o n   d i s p l a c e m e n t   t y p e  

c o n t a c t s   to  p rov ide   the  e f f i c i e n c i e s   and  cost  r e d u c t i o n s   n e c e s s a r y  

in  a  c o m p e t i t i v e   m a r k e t p l a c e .   A  t y p i c a l   e l e c t r i c a l   h a r n e s s  

employed  today  is  one  which  g e n e r a l l y   comprises   a  connec to r   h a v i n g  

15  a  hous ing   with  i n s u l a t i o n   d i s p l a c e m e n t   type  c o n t a c t s   l o a d e d  

t h e r e i n .   Each  c o n t a c t   is  connec ted   to  an  i n s u l a t i o n   c lad  w i r e .  

Hie  wi res   may  be  an  a s s o c i a t e d   group  of  d i s c r e t e   c o n d u c t o r s /   o r  

may  comprise   a  f l a t   r ibbon   cab le   assembly  of  the   type  h a v i n g  

e i t h e r   f l a t   or  round  c o n d u c t o r s .  

-°  Because  of  the  d e s i r e a b i l i t y   of  e l i m i n a t i n g   l abor   c o s t s /  

a u t o m a t i c   equipment   is  now  being  employed  to  produce  e l e c t r i c a l  

h a r n e s s e s   of  the   type  d e s c r i b e d   above.  One  example  of  such  a  

machine  is  d i s c l o s e d   in  commonly  owned  United  S t a t e s   p a t e n t  

No.  4 /235 /015   which  was  g r a n t e d   on  November  25/  1 9 8 0 .  



£  -  

G e n e r a l l y ,   u s - a - ^   ,  o d   ,  u  o   u i s u i o s e s   d  m e u i u u  

id  a p p a r a t u s   of   m a k i n g   an  e l e c t r i c a l   h a r n e s s  

f  t h e   t y p e   d e s c r i b e d   w h i c h :  

p o s i t i o n s   t he   c o n n e c t o r   on  a  f i r s t   s t a t i o n ,  

h o l d s   a t   l e a s t   a  number   of   w i r e s   c o r r e s p o n d i n g  

o  t h e   n u m b e r   of   c o n t a c t s   a t   a  s e c o n d   s t a t i o n  

emote   f rom  t h e   f i r s t   s t a t i o n ,  

moves   t h e   c o n n e c t o r   to  t h e   s e c o n d   s t a t i o n  

.o  t h a t   e a c h   c o n t a c t   i s   in  a l i g n m e n t   w i t h   e a c h  

leld  w i r e ,  

s i m u l t a n e o u s l y   i n s e r t s   e a c h   w i r e   to  i t s  

: o r r e s p o n d i n g   c o n t a c t   at   t he   s e c o n d   s t a t i o n ,  

moves   t h e   c o n n e c t o r   back   to   t he   f i r s t   s t a t i o n  

md  s i m u l t a n e o u s l y   d raws   a  p r e d e t e r m i n e d   l e n g t h  

?f  w i r e   b e t w e e n   the   c o n n e c t o r   and  t h e   s e c o n d   s t a t i o n ,  

m a  

c u t s   and  s t r i p s   a l l   of  t h e   h e l d   w i r e s   a t  

=  s e c o n d   s t a t i o n .  

The  m a c h i n e   of   U n i t e d   S t a t e s   P a t e n t   4 , 2 3 5 , 0 1 5  

has  been   f i t t e d   f o r   mak ing   d o u b l e - e n d e d   h a r n e s s e s ,  

but  c h a n g e - o v e r   f o r   a c c o m m o d a t i n g   d i f f e r e n t   c o n n e c t o r s  

or  w i r e   c o n f i g u r a t i o n s   r e q u i r e s   s i g n i f i c a n t  

m o d i f i c a t i o n   to   t he   m a c h i n e .   A l s o ,   t h e   w i r e s  

of  t h e   t r a i l i n g   h a r n e s s   end  mus t   be  c u t   f r e e   a n d  

t h e n   moved  i n t o   p o s i t i o n   o v e r   t h e   s e c o n d   c o n n e c t o r .  
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m i s   i  s  s o m e t i m e s   u n d e s i r a b l e ,   as  in  t h e   c a s e  

w h e r e   t h e   c o n n e c t o r   of  E P - A - 8 5 3 0 8 2 1   5.  4  ( d e s c r i b e d  

b e l o w )   i s   e m p l o y e d .  

A n o t h e r   h a r n e s s   m a k i n g   m a c h i n e   i s   d i s c l o s e d  

5  in  commonly   owned  E P - A - 8 5 3 0 0 0 7 4   .  3  f i l e d   4 th   J a n u a r y ,  

1985.   B r i e f l y ,   t h e   m a c h i n e   i n c l u d e s   f i r s t   a n d  

s e c o n d   c o n n e c t o r   n e s t s   e a c h   m o v a b l e   f rom  t h e i r  

r e s p e c t i v e   c o n n e c t o r   l o a d i n g   s t a t i o n   to  a  common 

t e r m i n a t i o n   s t a t i o n .   A r r a n g e m e n t s   mus t   be  p r o v i d e d  

10  f o r   p r o p e r l y   a l i g n i n g   t h e   c o n n e c t o r   of  e a c h   h a r n e s s  

end  w i t h   t he   e n d s   of   t h e   h a r n e s s   w i r e s   to   w h i c h  

i t   i s   t e r m i n a t e d .   A l s o ,   c o n s i d e r a t i o n   in  a l i g n i n g  

e a c h   c o n n e c t o r   r e l a t i v e   to  t h e   t e r m i n a t i o n   h e a d  

mus t   be  made  to  a c c o u n t   f o r   the   o p p o s i t e l y   f a c i n g  

15  c o n n e c t o r   o r i e n t a t i o n s   at   e a c h   h a r n e s s   end .   A l t h o u g h  

g e n e r a l l y   s a t i s f a c t o r y ,   t he   m a c h i n e   in  use   t o d a y  

i s   no t   s u i t a b l e   f o r   t e r m i n a t i n g   d o u b l e - e n d e d  

h a r n e s s e s   where   t he   c o n n e c t o r s   a re   no t   s y m m e t r i c  

w i t h   r e s p e c t   to  an  a x i s   of  t he   w i r e   a r r a y .   An 

20  e x a m p l e   of  t h i s   t y p e   of   c o n n e c t o r   is   d e s c r i b e d  

b e l o w   w i t h   r e s p e c t   to  E P - A - 8 5 3 0 6 2 1 5 .   4.  L ike   t h e  

m a c h i n e   of  U n i t e d   S t a t e s   P a t e n t   No.  4 , 2 3 5 , 0 1 5 ,  

t h i s   m a c h i n e   i s   no t   r e a d i l y   r e c o n f   i g u r a b l e   i f  

t he   c o n n e c t o r   s t y l e   or  t h e   w i r e   a r r a y   i s   c h a n g e d .  

25  One  p a r t i c u l a r   t y p e   of   e l e c t r i c a l   c o n n e c t o r  
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in  use   t o d a y   i s   d e s c r i D e a   in  commoniy   o w n e a  

8 5 3 0 8 2 1 5 . 4   f i l e d   12th   N o v e m b e r ,   1  985  -  D i s c l o s e d  

t h e r e i n   i s   a  m o d u l a r   m u l t i - r o w   e l e c t r i c a l  

c o n n e c t o r   w h i c h   m a t e s   w i t h   an  a r r a y   of  p i n s .  

The  c o n n e c t o r   has   an  i n t e g r a l l y   f o r m e d   h o u s i n g  

w i t h   o p p o s e d   top   and  b o t t o m   s u r f a c e s   e x t e n d i n g  

b e t w e e n   o p p o s e d   f o r w a r d   m a t i n g   and  r e a r w a r d   e n d  

w a l l s ,   and  w i t h   two  rows  of  a x i a l l y   e x t e n d i n g  

t e r m i n a l   r e c e i v i n g   c a v i t i e s .   Each  c a v i t y   i s  

10  d e f i n e d   by  s p a c e d - a p a r t   s i d e w a l l s   e x t e n d i n g  

b e t w e e n   t h e   f o r w a r d   m a t i n g   and  r e a r w a r d   end  w a l l s ,  

a  b o t t o m   w a l l ,   and  a  top   w a l l   o p e n i n g   to  t he   t o p  

h o u s i n g   s u r f a c e ,   so  t h a t   a l l   of  t he   w i r e s   c a n  

be  i n s e r t e d   f o r   t e r m i n a t i o n   f r o m  

15  t h e   u p p e r   h o u s i n g   s u r f a c e .   The  two  r o w s  
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« » v A t i »   a te   bxacxea  one  on  top  of  the  o ther   i n  

a  s t a g g e r e d   c o n f i g u r a t i o n ,   so  t ha t   the  t e rmina l   r e c e i v i n g   c a v i t i e s   o f  

the  lower  rows  a re   l o c a t e d   between  the  t e rmina l   r e c e i v i n g   c a v i t i e s   o f  

t h e i r   upper  rows.  Hie  rows  a re   j o ined   t o g e t h e r   by  s e l e c t i v e l y  

5  removeable  web  p o r t i o n s   to  form  a  p l u r a l i t y   of  commonly  j o i n e d  

s e p a r a b l e   connec to r   modules ,   each  raooule  i n c l u d i n g   a t   l e a s t   one  u p p e r  
row  c a v i t y   and  at  l e a s t   one  lower  row  c a v i t y .  

United  S t a t e s   P a t e n t   No.  4 .091 ,531   i ssued  May  30,  1978  d i s c l o s e s   a  
bench  tool  for  t e r m i n a t i n g   a  dual-   row  connector   having  opposed  m a t i n g  

10  and  wire  r e c e i v i n g   ends .   The  t e r m i n a l s   at  the  mating  end  of  t h e  

connec to r   are  a l i g n e d   such  t h a t   the  top  and  bottom  rows  are   d i r e c t l y  

above  and  below  each  o t h e r .   The  wire  r e c e i v i n g   end  of  the  t e r m i n a l s ,  

however,  are  a l i g n e d   in  s t a g g e r e d   rows  as  d e s c r i b e d   above,   so  t h a t  

wires   of  both  rows  can  be  i n s e r t e d   f ree   a  s i n g l e   d i r e c t i o n .   An  a r b o r  

p ress   is  provided  hav ing   upper  and  lower  t oo l i ng   members  with  t h e  

upper  member  being  d r i v e n   toward  the  lower  member  cu r ing   t e r m i n a t i o n .  

The  upper  member  r e c e i v e s   a  connec tor   with  t e r m i n a l s   having  i n s u l a t i o n  

d i s p l a c i n g   s l o t s   opening   in  a  downward  d i r e c t i o n .   The  bottom  t o o l i n g  

member  has  a  s e r i e s   of  s t a cked   p l a t e s   with  p a r t i c u l a r l y   c o n f i g u r e d  

0  upper  saw  t o o t h - l i k e   edges .   A  f l a t   r ibbon  cable   is  i n s e r t e d   be tween  

the  upper  and  lower  t o o l i n g   members,  and  tne  arbor   p r e s s   is   a c t i v a t e d  

to  t e r m i n a t e   both  rows  s i m u l t a n e o u s l y .   After   t e r m i n a t i o n ,   an  o p e r a t o r  

r e l e a s e s   the  p ress   and  wi thdraws   the  t e r m i n a t e d   cab le   h a r n e s s   f  ran  t h e  

m a c h i n e .  

5  The  machine  of  Uni ted   S t a t e s   Pa ten t   No.  4 ,091 ,531   is  m a n u a l l y  
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p e r a b l e ,   r e q u i r i n g   an  o p e r a t o r   to  xuau  uue  u u i m e u t - u r e  
> 

nd  c a b l e ,   to  t e r m i n a t e   one  to  t he   o t h e r ,   a n d  

o  r e m o v e   t h e   c a b l e   h a r n e s s .   I t   i s   d e s i r a b l e  

o  p r o v i d e   a  f u l l y   a u t o m a t i c   m e t h o d   and  m a c h i n e  

'or  t e r m i n a t i n g   a  c o n n e c t o r   h a v i n g   t e r m i n a l s   w i t h  

r i r e   r e c e i v i n g   p o r t i o n s   a r r a n g e d   in  s t a g g e r e d  

•ows  . 

SUMMARY  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  m e t h o d  

>f  m a k i n g   an  e l e c t r i c a l   h a r n e s s   of  t he   t y p e   c o m p r i s i n g  

it  l e a s t   one  c o n n e c t o r   h a v i n g   a  h o u s i n g   w i t h  

I n s u l a t i o n   d i s p l a c e m e n t   t y p e   c o n t a c t s   l o a d e d   t h e r e i n ,  

=ach  c o n t a c t   c o n n e c t e d   to  an  i n s u l a t i o n   c l a d   w i r e .  

The  m e t h o d   p r o d u c e s   an  e l e c t r i c a l   c a b l e   h a r n e s s  

by  mass  t e r m i n a t i n g   a  p l u r a l i t y   of  i n s u l a t i o n -  

c l a d   w i r e s   to  a  c o n n e c t o r   h a v i n g   a  p l u r a l i t y   o f  

i n s u l a t i o n   d i s p l a c e m e n t   t e r m i n a l s ,   and  i n c l u d e s  

t h e   s t e p s   of   p r o d u c i n g   a  d o u b l e - e n d e d   e l e c t r i c a l  

c a b l e   h a r n e s s ,   by  mass  t e r m i n a t i n g   t he   f i r s t   e n d s  

of  a  p l u r a l i t y   of   d o u b l e - e n d e d   i n s u l a t i o n - c l a d  

w i r e s   to  a  c o n n e c t o r   h a v i n g   a  p l u r a l i t y   of  i n s u l a t i o n  

d i s p l a c e m e n t   t e r m i n a l s ,   i n c l u d i n g   the   s t e p s   o f ,  

l o a d i n g   a  c o n n e c t o r   o n t o   a  f i r s t   t r a n s p o r t   a s s e m b l y ,  

f e e d i n g   and  m e a s u r i n g   w i r e s   so  t h a t   t he   f i r s t  

e n d s   t h e r e o f   a r e   p o s i t i o n e d   a d j a c e n t   s a i d   c o n n e c t o r ,  
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t e r m i n a t i n g   u r s t   e n a s   of  s a i d   w i r e s   to  s a i d   c o n n e c t o r  

to  form  a  f i r s t   f i n i s h e d   end  of  s a i d   h a r n e s s ,  

r e m o v a b l y   m o u n t i n g   one  of  a  p l u r a l i t y   of   d i f f e r e n t  

s e l e c t i v e l y   a c t u a b l e   h a r n e s s   f i n i s h i n g   m o d u l e s  

5  to  a  s e c o n d   t r a n s p o r t   a s s e m b l y ,   m o v i n g   s a i d   s e c o n d  

t r a n s p o r t   a s s e m b l y   a d j a c e n t   s a i d   s e c o n d   w i r e   e n d s ,  

and  a c t u a t i n g   s a i d   one  m o d u l e   to  s i m u l t a n e o u s l y  

f i n i s h   t h e   s e c o n d   w i r e   ends   to  form  a  s e c o n d   f i n i s h e d  

h a r n e s s   e n d .  

10  Tne  p r e s e n t   i n v e n t i o n   a l s o   p r o v i d e s   an  a p p a r a t u s  

f o r   p r o d u c i n g   a  d o u b l e - e n d e d   e l e c t r i c a l   c a b l e  

h a r n e s s   by  mass   t e r m i n a t i n g   t he   f i r s t   ends   o f  

a  p l u r a l i t y   of  d o u b l e - e n d e d   i n s u l a t i o n - c l a d   w i r e s  

to  a  c o n n e c t o r   h a v i n g   a  p l u r a l i t y   of  i n s u l a t i o n  

15  d i s p l a c e m e n t   t e r m i n a l s   i n c l u d i n g   a  c o n n e c t o r -  

t r a n s p o r t   a s s e m b l y   f o r   r e c e i v i n g   and  m o v i n g   t h e  

c o n n e c t o r   b e t w e e n   s t a t i o n s ,   means  fo r   l o a d i n g  

the   c o n n e c t o r   o n t o   s a i d   c o n n e c t o r   t r a n s p o r t   a s s e m b l y ,  

w i r e   f e e d i n g   means   f o r   f e e d i n g   and  m e a s u r i n g   t h e  

20  w i r e s   so  t h a t   t h e   f i r s t   ends   t h e r e o f   a r e   a s s o c i a t e d  

w i t h   t h e   c o n n e c t o r ,   w i r e   t e r m i n a t i o n   means   f o r  

t e r m i n a t i n g   t h e   f i r s t   ends   of  the   w i r e s   to  s a i d  

c o n n e c t o r   to  form  a  f i r s t   f i n i s h e d   end  of  s a i d  

h a r n e s s ,   h a r n e s s   f i n i s h i n g   means  i n c l u d i n g   a  f r a m e  

25  a s s e m b l y   f o r   r e m o v a b l y   m o u n t i n g   one  of   a  p l u r a l i t y  
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d  one  of   a  p l u r a l i t y   of  d i f f e r e n t   h a r n e s s   f i n i s h i n g  

d u l e s   r e m o v a b l y   m o u n t e d   on  s a i d   f r a m e   a s s e m b l y ,  

id  one  m o d u l e   h a v i n g   a  w i r e   o p e r a t i o n   s t a t i o n  

, e r e a t   s e c o n d   e n d s   of  t he   w i r e s   a r e   s i m u l t a n e o u s l y  

. n i s h e d   to  form  a  s e c o n d   f i n i s h e d   h a r n e s s   e n d .  

The  a p p a r a t u s   of  t he   p r e s e n t   i n v e n t i o n   may  

i c l u d e   means   f o r   r e m o v i n g   p o l a r i z i n g   m e m b e r s  

l e n d i n g   f rom  a  c o n n e c t o r   h o u s i n g .   The  p o l a r i z i n g  

3mber s   c o m p r i s e   l o c a t i n g   pegs   w h i c h   p r o j e c t   f r o m  

he  t o p   and  b o t t o m   s u r f a c e s   of  t h e   a b o v e - d e s c r i b e d  

o n n e c t o r   so  as  to   e x t e n d   b e y o n d ,   but   no t   o v e r l i e ,  

he  m a t i n g   end  w a l l   t h e r e o f .   The  a p p a r a t u s   may 

o m p r i s e   means   f o r   p r e s e n t i n g   at  l e a s t   one  r o t a t e d  

o n n e c t o r   to  a  peg  r e m o v a l   s t a t i o n   and  means  f o r  

i e l e c t i v e l y   r e m o v i n g   at  l e a s t   one  of  s a i d   p e g s  

.n  s a i d   a x i a l   d i r e c t i o n   i m m e d i a t e l y   a d j a c e n t   o n e  

>f  s a i d   t o p   and  b o t t o m   s u r f a c e s .  

The  a p p a r a t u s   of  t he   p r e s e n t   i n v e n t i o n   may 

a l s o   i n c l u d e   means   fo r   p r o c e s s i n g   t he   a b o v e - d e s c r i b e d  

c o n n e c t o r   of  E P - A - 8 5 3 0 8 2 1   5  .  4  .  Thus  t h e   a p p a r a t u s  

may  i n c l u d e   means   fo r   r o t a t i n g   t h e   c o n n e c t o r   s o  

t h a t   t h e   f o r w a r d   m a t i n g   end  is   u p w a r d l y   d i r e c t e d ,  

w i t h   t h e   w i r e s   of   a  c o m p l e t e d   h a r n e s s   a s s e m b l y  

e x t e n d i n g   in  a  downward   d i r e c t i o n ,   and  a  s e r i e s  
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m e m b e r s   to  be  d r i v e n   in  to  t h e   h o u s i n g   in  an  a x i a l  

d i r e c t i o n   so  as  to  s e l e c t i v e l y   r e m o v e   a t   l e a s t  

one  o f   t h e   webs  c o n n e c t i n g   t h e   c o n n e c t o r   r o w s .  

When  c o m p l e t e d ,   e a c h   c o n n e c t o r   m o d u l e   c o m p r i s e s  

a  s e p a r a t e   c o n n e c t o r   t e r m i n a t e d   to  a  p r e d e t e r m i n e d  

n u m b e r   of  w i r e s ,   so  as  to  form  a  s e p a r a t e   h a r n e s s  

t h e r e w i t h   . 

The  a p p a r a t u s   of  t he   p r e s e n t   i n v e n t i o n   may  

s t i l l   f u r t h e r   i n c l u d e   an  a r r a n g e m e n t   f o r   t r a n s p o r t i n g  

t e r m i n a t e d   h a r n e s s e s   from  one  work  s t a t i o n   t o  

a n o t h e r ,   w h e r e i n   t he   c o n n e c t o r s   have   a  p l u r a l i t y  

of   a l i g n i n g   t a b s   e x t e n d i n g   f rom  t h e i r   m a t i n g   e n d  

w a l l   to  form  a  c h a n n e l   e x t e n d i n g   a l o n g   t he   m a t i n g  

end  w a l l .   A  t r a c k   is   p r o v i d e d   w i t h   a  f i r s t   r a i l  

c o m p l e m e n t a r i l y   s h a p e d   w i t h   t he   c h a n n e l ,   and  o p p o s i n g  

s e c o n d   and  t h i r d   s p a c e d   a p a r t   r a i l   members   o p p o s i n g  

t h e   f i r s t   r a i l .   The  c o n n e c t o r   i s   s l i d   a l o n g   t h e  

t r a c k ,   such   t h a t   t he   f i r s t   r a i l   i s   r e c e i v e d   i n  

t h e   c h a n n e l ,   and  the   s e c o n d   and  t h i r d   r a i l s   e n g a g e  

t h e   r e a r w a r d   c o n n e c t o r   end  w a l l   a d j a c e n t   t he   t o p  

and  b o t t o m   c o n n e c t o r   s u r f a c e s .  

The  p r e s e n t   i n v e n t i o n   a l s o   p r o v i d e s   a  h a r n e s s  

m a k i n g   m a c h i n e   f o r   p r e s e n t i n g   t he   w i r e s   to  t h e  

t e r m i n a l s   in  e a c h   of  t he   s t a g g e r e d   rows  of   a  
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c o n n e c t o r   of  E P - A - 8 5 3 0 8 2 1 5   .  4,  in  a  s i m p l e   f u l l y  

a u t o m a t i c   t w o - s t e p   o p e r a t i o n .   The  w i r e s   a r e  

fed   to  t h e   t e r m i n a t i o n   s t a t i o n   a t   a  f i r s t   p r e d e t e r m i n e d  

l e v e l ,   and  a  w i r e   p r e p a r a t i o n   m o d u l e   h a v i n g   u p p e r  

5  and  l o w e r   p o r t i o n s   i s   p o s i t i o n e d   at   t he   t e r m i n a t i o n  

s t a t i o n ,   so  t h a t   t h e   w i r e   i s   p o s i t i o n e d   b e t w e e n  

t h e   p o r t i o n s .   The  l o w e r   p o r t i o n   i n c l u d e s   a  c o n n e c t o r  

n e s t   r e c e i v i n g   a  c o n n e c t o r   of  t h e   t y p e   w h e r e i n  

rows   of  t e r m i n a l   r e c e i v i n g   c a v i t i e s   a re   s t a g g e r e d  

10  w i t h   a l l   of  t he   c a v i t i e s   open  in  an  upward   d i r e c t i o n ,  

so  t h a t   a l l   of  t h e   w i r e s   can  be  i n s e r t e d   f o r  

t e r m i n a t i o n   from  t h e   u p p e r   c o n n e c t o r   h o u s i n g  

s u r f a c e .   The  c a v i t i e s   of  t he   l o w e r   rows  a r e   p o s i t i o n e d  

b e t w e e n   t he   c a v i t i e s   of  t h e i r   u p p e r   r ows ,   w i t h  

15  t h e   c a v i t y   s i d e w a l l s   of   u p p e r   rows  a c t i n g   as  w i r e  

g u i d e s   tc   a id   in  t h e   p a s s a g e   of  w i r e s   to  l o w e r  

rows  f o r   t e r m i n a t i o n   t h e r e i n .  

An  e l e v a t o r   i s   p r o v i d e d   at  the   t e r m i n a t i o n  

s t a t i o n   so  t h a t ,   w i t h   t h e   m o d u l e   p l a c e d   o v e r   t h e  

20  e l e v a t o r ,   the   c o n n e c t o r   n e s t   can  be  r a i s e d   t o  

e n g a g e   t h e   w i r e s   w i t h   t he   c o n n e c t o r   h o u s i n g ,   s u c h  

t h a t   t h e   w i r e s   to  be  t e r m i n a t e d   in  t he   u p p e r   r o w  

a r e   b e n t   w i t h   a  p r e d e t e r m i n e d   upward   a n g u l a r  

d e f l e c t i o n .   The  m o d u l e   a l s o   i n c l u d e s   w i r e   i n s e r t i o n  

25  b l a d e s   d i s p o s e d   a b o v e   t h e   c o n n e c t o r   n e s t ,   i n  
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a l i g n m e n t   w i t n   t n e   w i r e s .   Upon  l o w e r i n g   of   t h e  

i n s e r t i o n   b l a d e s ,   and  s u b s e q u e n t   t e r m i n a t i o n   o f  

t h e   w i r e s   to  t h e   t e r m i n a l s ,   t he   w i r e s   t e r m i n a t e d  

to  t he   l o w e r   row  have   an  e q u a l   but   d o w n w a r d l y  

5  d i r e c t e d   a n g u l a r   d e f l e c t i o n .  

Some  ways  of  c a r r y i n g   out   t h e   p r e s e n t   i n v e n t i o n  

in  b o t h   i t s   m e t h o d   and  a p p a r a t u s   a s p e c t s   w i l l  

now  be  d e s c r i b e d   by  way  of   e x a m p l e   and  no t   by  

way  of  l i m i t a t i o n   w i t h   r e f e r e n c e   to  d r a w i n g s   w h i c h  

10  show  s p e c i f i c   e m b o d i m e n t s   of  a p p a r a t u s   a c c o r d i n g  

to  t he   p r e s e n t   i n v e n t i o n .  

In  t he   d r a w i n g s ,   w h e r e i n   l i k e   e l e m e n t s   a r e  

r e f e r e n c e d   a l i k e ,  

FIG.  1  i s   a  p l a n   v i ew  of  a  m a c h i n e   of  t h e  

15  p r e s e n t   i n v e n t i o n ;  

FIG.  2  i s   an  e l e v a t i o n   v iew  of   the   m a c h i n e  

of   FIG.  1  ; 

FIG.  3  is   a  s c h e m a t i c   f l o w   d i a g r a m   i l l u s t r a i n g  

a  m e t h o d   of  t he   p r e s e n t   i n v e n t i o n ,   w h e r e i n   a  c o n n e c t o r  

20  i s   t e r m i n a t e d   a t   a  f i r s t   t e r m i n a t i o n   s t a t i o n ;  

FIG.  4  i s   a  s c h e m a t i c   f l ow  d i a g r a m   i l l u s t r a t i n g  

a  m e t h o d   of  t h e   p r e s e n t   i n v e n t i o n   w h e r e i n   a  c o n n e c t o r  

i s   t e r m i n a t e d   a t   a  s e c o n d   t e r m i n a t i o n   s t a t i o n ;  

FIG.  5  i l l u s t r a t e s   t he   a u t o m a t i c   h a r n e s s  

25  e j e c t i o n ;  
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FIG.  6  shows   an  o p t i o n a l   w i r e   s t r i p p i n g  

i s s e m b l y   f o r   use   a t   t he   s e c o n d   t e r m i n a t i o n   s t a t i o n ;  

FIG.  7  shows  a  p o l a r i z i n g   p r o j e c t i o n   r e m o v a l  

s t a t i o n ;  

FIG.  8  shows  a  web  r e m o v a l   s t a t i o n   f o r   s p l i t t i n g  

a  c o n n e c t o r   s t i c k   i n t o   s e p a r a t e   c o n n e c t o r   m o d u l e s ;  

FIG.  9  shows  t he   c o n n e c t o r   s t i c k   of   FIG.  8 

in  g r e a t e r   d e t a i l ;   a n d  

FIG.  10  shows  the   m o d u l a r i z a t i o n   of  t h e  

t e r m i n a t i o n   s t a t i o n s .  

DESCRIPTION  OF  THE  SPECIFIC  EMBODIMENTS 

I.  I n t r o d u c t i o n  

FIGS.   1  to  5  show  an  e l e c t r i c a l   h a r n e s s  

m a c h i n e   of  t he   p r e s e n t   i n v e n t i o n ,   g e n e r a l l y   d e s i g n a t e d  

a t   10.  M a c h i n e   10  a u t o m a t i c a l l y   p r o d u c e s   a  c o m p l e t e d  

e l e c t r i c a l   h a r n e s s ,   g e n e r a l l y   d e s i g n a t e d   12,  a s  

shown  in  F i g .   7a.  The  e l e c t r i c a l   h a r n e s s   12  i n c l u d e s  

a t   l e a s t   one  c o n n e c t o r ,   g e n e r a l l y   d e s i g n a t e d   14 

and  a  p l u r a l i t y   of  i n s u l a t i o n - c l a d   w i r e s   4 0 .  

The  c o n n e c t o r   i s   d e s c r i b e d   in  commonly  o w n e d  

E P - A - 8 5 3 0 8 2 1 5 .   4  f i l e d   12 th   November ,   1985,   w h i c h  

i s   h e r e i n   i n c o r p o r a t e d   by  r e f e r e n c e   to  t h e   e x t e n t  

n e c e s s a r y   f o r   an  u n d e r s t a n d i n g   of  the  p r e s e n t  

i n v e n t i o n   . 

R e f e r r i n g   to  FIGS.   9a,  9b,  c o n n e c t o r   14 
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c o m p r i s e s   an  i n s u l a t e d   h o u s i n g   16  h a v i n g   a  p l u r a l i t y  

of   p r e l o a d e d   i n s u l a t i o n   d i s p l a c e m e n t   c o n t a c t s  

18.  H o u s i n g   16  i s   i n t e g r a l l y   m o l d e d   w i t h   o p p o s e d  

t o p   and  b o t t o m   s u r f a c e s   20,  22  e x t e n d i n g   b e t w e e n  

5  o p p o s e d   f o r w a r d   m a t i n g   and  r e a r w a r d   end  w a l l s  

24,  26.  The  c o n n e c t o r   i n c l u d e s   an  u p p e r   row  2 8  

and  a  l o w e r   row  30  of  a x i a l l y   e x t e n d i n g   t e r m i n a l  

r e c e i v i n g   c a v i t i e s   32.  Each  c a v i t y   32  i s   d e f i n e d  

by  s p a c e d - a p a r t   s i d e w a l l s   34  e x t e n d i n g   b e t w e e n  

10  t h e   f o r w a r d   m a t i n g   and  r e a r w a r d   end  w a l l s   2 4 ,  

26.  Each  c a v i t y   f u r t h e r   i n c l u d e s   a  b o t t o m   w a l l   36 

and  an  o p p o s e d   t op   w a l l   38  o p e n i n g   to  t he   t o p  

h o u s i n g   s u r f a c e   20,  so  t h a t   a l l   of  the   w i r e s   40  

can  be  i n s e r t e d   f o r   t e r m i n a t i o n   from  t he   u p p e r  

15  h o u s i n g   s u r f a c e   2 0 .  

The  rows  26,  30  a r e   s t a c k e d   one  on  t op   o f  

t h e   o t h e r   in  a  s t a g g e r e d   c o n f i g u r a t i o n ,   so  t h a t  

t h e   t e r m i n a l   r e c e i v i n g   c a v i t i e s   of  l o w e r   row  30 

a r e   l o c a t e d   b e t w e e n   t h e   t e r m i n a l   r e c e i v i n g   c a v i t i e s  

20  of  i t s   u p p e r   row  28,  w i t h   t he   s i d e w a l l s   34  o f  

t h e   u p p e r   row  a c t i n g   as  w i r e   g u i d i n g   c h a n n e l s  

42  to  a i d   in  t h e   p a s s a g e   of   w i r e s   to  be  t e r m i n a t e d  

in  the   l o w e r   row  3 0 .  

As  f u r t h e r   d i s c l o s e d   in  E P - A - 8 5 3 0 8 2 1 5 .   4 

25  t h e   rows  28,  30  a r e   j o i n e d   t o g e t h e r   by  s e l e c t i v e l y  
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r e m o v a b l e   web  p o r t i o n s   hi  so  as  to  i o r w   a  p l u r a l i t y  

of  commonly   j o i n e d   s e p a r a t o r   c o n n e c t o r   m o d u l e s  

46,  e a c h   m o d u l e   i n c l u d i n g   a t   l e a s t   one  u p p e r   r o w  

c a v i t y   32U,  and  a t   l e a s t   one  l o w e r   row  c a v i t y  

3 2 L .  

The  w i r e s   40  can  c o m p r i s e   an  a r r a y   of  d i s c r e t e  

i n s u l a t i o n   c l a d   c o n d u c t o r s ,   or  a l t e r n a t i v e l y   may  

c o m p r i s e   s u i t a b l y   p r e p a r e d   f l a t   r i b b o n   c a b l e ,  

as  is   known  in  t h e   a r t .  

0  Each  c a v i t y   32  r e c e i v e s   a  m e t a l l i c   t e r m i n a l  

18  h a v i n g   a  c o n v e n t i o n a l   i n s u l a t i o n   d i s p l a c e m e n t  

s l o t   w h i c h   i s   a d a p t e d   to  s l i c e   t h r o u g h   t he   i n s u l a t i o n  

of  i n s u l a t i o n   c l a d   w i r e s   40.  The  c o n n e c t o r   m o d u l e s ,  

g e n e r a l l y   d e s i g n a t e d   at  46,  may  c o m p r i s e   a n y  

15  c o n v e n i e n t   n u m b e r   of   u p p e r   row  c a v i t i e s   w h i c h  

need   no t   be  t h e   same  as  the   number-  of   l o w e r   r o w  

c a v i t i e s .   For  e x a m p l e ,   a  c o n n e c t o r   m o d u l e   may  

c o m p r i s e   o n l y   a  s i n g l e   u p p e r   row  c a v i t y ,   d i s p o s e d  

b e t w e e n   two  l o w e r   row  c a v i t i e s ,   to  form  a  t h r e e -  

2C  c i r c u i t   c o n n e c t o r .   F u r t h e r ,   m u l t i p l e   m o d u l e s  

may  be  l e f t   a t t a c h e d   to  each   o t h e r   to  form  a  l a r g e r  

c i r c u i t   c o n n e c t o r ,   i f   d e s i r e d .  
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Looking  once  again  a t   Figs .   1  and  2,  the  machine  10  is  seen  t o  

g e n e r a l l y   inc lude   f i r s t   and  second  t r a n s p o r t   a s s e m b l i e s   50,  52,  w h i c h  

c a r r y   c o n n e c t o r s   14  between  f i r s t   and  second  l o a d i n g   s t a t i o n s   54,  56 

5  and  a  common  t e r m i n a t i o n   s t a t i o n   58.  The  t r a n s p o r t   a s s e m b l i e s   i n c l u d e  

frames  or  c a r r i e r s   60/  62  on  which  s e l e c t i v e l y   manually  c i i s m o u n t a o l e  

wire   p r e p a r a t i o n   modules  g e n e r a l l y   i n d i c a t e d   at   66,  68  are  p r o v i d e a  

for  each  assembly  50/  52,  r e s p e c t i v e l y .   As  can  be  seen  in  Figs.   2 - 4 ,  

each  wi re   p r e p a r a t i o n   module  66/  68  i nc ludes   a  connec tor   nest   70,  72  

10  which  m a i n t a i n s   a  c o n n e c t o r   14  in  a  f ixeo   p r e d e t e r m i n e d   o r i e n t a t i o n .  

Wire  p r e p a r a t i o n   modules  66,  68  f u r t h e r   inc lude   wire   i n s e r t i o n   b l a d e s  

74,  76  opposing  connec to r   14  in  a l ignment   with  the  t e r m i n a l s   t h e r e o f .  

Each  wi re   p r e p a r a t i o n   module  a l so   i n c l u d e s   means  for  a c t u a t i n g   t h e  

i n s e r t i o n   b laoes /   t y p i c a l l y   t ak ing   the  form  of  an  a i r   c y l i n d e r /   a n  

5  e l e c t r i c   s o l e n o i d   or  o ther   s e l e c t i v e l y   a c t u a b l e   d r i ve   means  78/  8 0 .  

R e f e r r i n g   to  FIG.  1/  each  t r a n s p o r t   assembly  50/  52  is  mounted  f o r  

t r a v e l   between  a  r e s p e c t i v e   connec to r   l oad ing   s t a t i o n   54/  56  and  a  

common  t e r m i n a t i o n   s t a t i o n   58.  T r a n s p o r t   assembly  50/  for  example/  i s  

mounted  for  r e c i p r o c a t i o n   along  t r a c k   r a i l s   88  ex tending   be tween  
0  l o a d i n g   s t a t i o n   54  and  t e r m i n a t i o n   s t a t i o n   58.  S i m i l a r l y /   t r a n s p o r t  

assembly   52  is  mountea  for   r e c i p r o c a t i o n   on  t r a c k   r a i l s   90  between  t h e  

second  l o a d i n g   s t a t i o n   56  and  t e r m i n a t i o n   s t a t i o n   5 8 .  

Wires  40  extend  from  a  wire  supply  92  to  t e r m i n a t i o n   s t a t i o n   86 

where  they  are  a l t e r n a t e l y   t e r m i n a t e d   to  c o n n e c t o r s   c a r r i e d   on  the  two  

5  t r a n s p o r t   a s s emb l i e s   50,  5 2 .  
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As  i n d i c a t e d   in  Figs,   i  and  it   a  t r a n s p o r t   e l e v a t o r   or  t n e  

t o o g l e - l o c k   type  is  the  only  o p e r a t i v e   device  l o c a t e d   at  t e n n i n a t i o n  

s t a t i o n   58,  a l l   o ther   neces sa ry   equipment   being  brought   to  t h e  

t e r m i n a t i o n   s t a t i o n   by  c a r r i e r s   60,  62.  The  t r a n s p o r t   e l e v a t o r   94 

a l t e r n a t e l y   r a i s e s   each  c a r r i e r   60,  62  and  the  wire  p r e p a r a t i o n  

modules   66,  68  c a r r i e d   t h e r e o n .  

Each  nodu le   66,  68  i n c l u d e s   s p a c e d - a p a r t   upper  and  lower  w i r e  

p r e p a r a t i o n   module  p o r t i o n s   d e s i g n a t e d   by  the  s u f f i x e s   "U"  and  "LB, 

r e s p e c t i v e l y .   Wire  r e c e i v i n g   gaps  96  »  98  are  formea  between  o p p o s i n g  

>  upper  and  lower  wire   p r e p a r a t i o n   module  p o r t i o n s .   Upon  p o s i t i o n i n g   a t  

t e r j c i i n a t i o n   s t a t i o n   58.  the  c a r r i e r   beds  60 ' ,   62'  are  r a i s e d   by 

t r a n s p o r t   e l e v a t o r   94,  to  bring"  the  lower  p r e p a r a t i o n   module  p o r t i o n  

i n to   engagement   with  wi res   40  to  a s s i s t   in  the  t e r m i n a t i o n .   C a r r i e r  

beds  6 0 ' ,   62'  are  e l e v a t e d   by  guide  roos  82.  83  which  c o n t a c t   e l e v a t o r  

5  94.  To  e n s u r e   a  r e tu rn   downward  movement  of  the  lower  w i r e  

p r e p a r a t i o n   moaule  p o r t i o n s ,   eacn  lower  p o r t i o n   is  p rov ided   with  a  

p u l l - d o w n   s o l e n o i d   84.  8 5 .  

I I I .   Mffhffil  flf  rah1p  Harness  F a b r i c a t i o n  

R e f e r r i n g   i n i t i a l l y   to  FIGS.  1 - 3 .  

,0  at  the  i n i t i a l   cycle  of  cable  h a r n e s s  

f a b r i c a t i o n ,   wi res   40  are  extenoeo  from  wire  supply  92  such  t n a t   t h e i r  

f r e e   ends  a re   p rec ie te rmined ly   p o s i t i o n e d   at  t e r m i n a t i o n   s t a t i o n   5 8  

(see  FIGS.  1  and  2)  .  A  f i r s t   t r a n s p o r t   assembly  50,  a f t e r   r e c e i v i n g   a  

c o n n e c t o r   14,  is  moved  from  l oad ing   s t a t i o n   54  to  t e r m i n a t i o n   s t a t i o n  
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so  sucn  t n a t   wi res   «u  are  r e c e i v e d   in  gap  96  of  i t s   a s s o c i a t e d   w i r e  

p r e p a r a t i o n   module  66.  The  connec to r   nest  70  is  i n i t i a l l y   l o c a t e d  

below  wi res   40  .  and  i n s e r t i o n   b l ades   74  are  l o c a t e d   above  the  w i r e s ,  

in  a l i g n m e n t   t h e r e w i t h   (FIG.  2)  ,  R e f e r r i n g   to  FIG.  3a,  t r a n s p o r t  

5  e l e v a t o r   94  r a i s e s   the  lower  p o r t i o n   of  wire  p r e p a r a t i o n   module  66,  s o  

as  to  advance  connec to r   nes t   70  ana  the  connec to r   14  c a r r i e d   t n e r e i n ,  

upwardly  towara  wi res   40.  At  the  topmost  ex ten t   or  i t s   t r a v e l ,  

c o n n e c t o r   14  d i s p l a c e s   every  o ther   wire  40  with  an  upward  a n g u l a r  

d e f l e c t i o n /   as  i l l u s t r a t e d   in  Fig.  3b.  Tnat  is .   tne  u p w a r d l y  

10  d e f l e c t e d   w i r e s   40U  are  engaged  oy  the  s i d e w a l l s   34  of  the  u p p e r  

t e m i n a l - r e c e i v i n g   c a v i t i e s   32.  The  wi res   40L  to  oe  t e r m i n a t e d  

in  the  lower  row  30  are  r e c e i v e d   in  channels  42  formed  between  a d j a c e n t  

upper  row  c a v i t i e s   32.  T h e r e a f t e r /   a c t u a t o r   78  is  e n e r g i z e d   so  as  t o  

d r ive   i n s e r t i o n   b l ades   74  in  a  downward  d i r e c t i o n /   so  as  to  i n s e r t   a n d  

15  t he reby   mass  t e r m i n a t e   wi res   40  in  connector   t e r m i n a l s   18.  T r a n s p o r t  

assembly  50  then  r e t u r n s   to  l oad ing   s t a t i o n   54/  the reby   drawing  a  

p r e d e t e r m i n e d   l e n g t n   of  wire   frcra  wire  supply  92/  pas t   t e r m i n a t i o n  

s t a t i o n   5 6 .  

T h e r e a f t e r /   the  second  t r a n s p o r t   assembly  52  is  loaded  witn  a  
?C  connec to r   at  second  l oad ing   s t a t i o n   56/  ana  is  advanced  to  t e r m i n a t i o n  

s t a t i o n   58/  where  i t   is  e l e v a t e d   by  t r a n s p o r t   e l e v a t o r   94.  For  t h e  

purpose   of  t h i s   i n t r o d u c t i o n /   the  secono  wire  p r e p a r t i o n   module  68  c a n  

oe  assumed  to  be  f u n c t i o n a l l y   i d e n t i c a l   to  tha t   of  ti,e  f i r s t   raooule  

66,  in  t n a t   i t   mass  t e r m i n a t e s   wi res   40  to  a  secono  connec to r   14.  As 

15  w i l l   be  d e s c r i b e d   h e r e i n a f t e r   in  g r e a t e r   d e t a i l /   wire  p r e p a r a t i o n  
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nodule  68  d i f f e r s   in  i t s   wire   handl ing   and  o tner   r e l a t e d   c a p a b i l i t i e s .  

For  example/  the  second  wire   p r e p a r a t i o n   module  c o n t a i n s   a  t r a v e l l i n g  

wire  comb  to  ensu re   proper   a l ignment   between  w i r e s   40  and  t h e  

t e r m i n a l s   18  of  the   c o n n e c t o r   c a r r i e d   t h e r e o n .  

5  With  w i r e s   40  and  t e r n i i n a l s   18  a l i gned /   and  with  the  top  o f  

connector   nes t   72  engaging  wi res   40/  a c t u a t o r   80  is  e n e r g i z e d   to  l o w e r  

wire  i n s e r t i o n   b l ades   76  (FIGS.  4d/  4e)  .  Wires  40  are  severed   by 

i n s e r t i o n   b laoes   76  as  tney  are  pincned  between  tne  b l aoes   ana  t h e  

upper  d i e - l i k e   p o r t i o n   of  nes t   72  (FIG.  4d)  .  T h e r e a f t e r /   the  s e c o n d  

^   or  t r a i l i n g   end  of  the  newly  formed  wire  segments  are  .  t e r m i n a t e d   i n  

both  rows  of  connec to r   14/  s i m u l t a n e o u s l y   (FIG.  4e)  . 

With  the  h a r n e s s   t he r eby   being  f u l l y   formed/  a u t o m a t i c   e j e c t i o n  

arms  100/  102  are  cyc led   to  e x t r a c t   connec to r s   14  from  t h e i r  

r e s p e c t i v e   ne s t s   70/  72/  (FIG.  5)  for  t r a n s p o r t   along  e j e c t i o n   t r a c k s  

^   to  ranote   work  s t a t i o n s .  

The  second  t r a n s p o r t   assembly  52  is  t n e r e a r t e r   r e t r a c t e d   to  t n e  

second  l oad ing   s t a t i o n   56/  l eav ing   tne  f ree   enas  of  wires   40  e x t e n d i n g  

from  supply   92/  at  the  p r e d e t e r m i n e d   p o s i t i o n   arove  t e r m i n a t i o n  

s t a t i o n   58/  ana  n a r n e s s   machine  10  is  ready  to  begin  ano tner   n a r n e s s  

2C  making  c y c l e .  

Immedia te ly   a f t e r   e j e c t i o n /   connec to r s   14  ana  txie  l e n g t n   of  w i r e s  

40  ex tend ing   t h e r e b e t w e e n /   are  t r a n s p o r t e d   to  a  c o n v e n t i o n a l   work 

s t a t i o n   107  (see  FIG.  1)  wnere  tne  connec to r s   14  are  r o t a t e d   90 

degrees   (as  i n d i c a t e d   in  FIG.  5b)  /  such  tna t   t n e i r   mating  enas  24  a r e  

25  upwardly  d i r e c t e d   as  i n d i c a t e d   in  Figs.   7 / 8 .   Af ter   being  p l aced   i n  
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r*,*  w m ^ w w t a   -axe  sa ia   a long  t r a n s p o r t   t r a c k s  

110  which  extend  to  a  peg  removal  s t a t i o n   i n d i c a t e d   g e n e r a l l y   at  112 

(FIG.  7)  i  and  a  web  removal  s t a t i o n   i n d i c a t e d   g e n e r a l l y   at  114 

(FIG.  8)  .  At  s t a t i o n   112/  the  upwardly  d i r e c t e d   l o c a t i n g   pegs  116 ,  

j  p r o j e c t i n g   from  mat ing   end  wall   24,  are  severed   by  a  s e l e c t e d   a r ray   o f  
b l ades   118.  T h e r e a f t e r ,   wnile  p r e s e r v i n g   the  r o t a t e d   o r i e n t a t i o n ,  

c o n n e c t o r s   14  are  advanced   to  s t a t i o n   114  (FIG.  8)  wherein   t h e  

s e l e c t e d   web  p o r t i o n s   are   removed  by  b lades   120  to  form  a  p l u r a l i t y   o f  
f i n i s h e d   n a r n e s s   p r o d u c t s .  

10  R e f e r r i n g   b r i e f l y   to  Fig.  6/  an  o p t i o n a l   wire  p r e p a r a t i o n   module  

122  is  shown  c a r r i e d   on  secono  c a r r i e r   member  62.  Although  t h e  

o p t i o n a l   t r a n s p o r t   a s sembly   formed  t he r eby ,   d e s i g n a t e d   by  the  numera l  
52S   is  moveable  to  and  from  the  second  load ing   s t a t i o n   56,  it  nas  no  
usefu l   i n t e r a c t i o n   t h e r e w i t h   as  i t   does  not  car ry   a  c o n n e c t o r .  

I n s t e a d ,   the  o p t i o n a l   t r a n s p o r t   assembly  52'  is  p rov ided   when  only  a  

s i n g l e - e n d e d   n a r n e s s   is   d e s i r e d /   the  second  or  t r a i l i n g   end  of  t n e  

h a r n e s s   being  p r e p a r e d   by  only  c u t t i n g ,   or  a l t e r n a t i v e l y /   c u t t i n g   a n a  

s t r i p p i n g /   tne  t r a i l i n g   ends  of  wires   40  at  t e r m i n a t i o n   s t a t i o n   5 8 .  

Af ter   t e r m i n a t i o n   to  a  f i r s t   connector   14/  the  f i r s t   t r a n s p o r t  
?0  

assembly  50  is  r e t u r n e d   to  the  f i r s t   loading   s t a t i o n   54/  a n a  

c o n d u c t o r s   40  are  pa id   out /   ac ross   t e r m i n a t i o n   s t a t i o n   58.  T r a n s p o r t  

assembly  52 ' /   as  b e f o r e /   fo l lows   tne  same  path  to  t e r m i n a t i o n   s t a t i o n  

58,  and  upon  a r r i v a l ,   a c t u a t o r   80  •  is  e n e r g i z e d   to  lower  c u t t i n g   and  

s t r i p p i n g   b lades   124/  126,  r e s p e c t i v e l y   (FIG.  6d)  .  With  wires   40  c u t  

5  by  b l ades   124/  and  the   i n s u l a t i o n   c ladding   t h e r e o f   at  l e a s t   p a r t i a l l y  
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s e v e r e d   by  b l ades   126,  an  a c t u a t o r   128  is  e n e r g i z e d   -to  extend  m o v e a b l e  

wire   clamp  130  toward  the  f i r s t   t r a n s p o r t   assembly  50,  t h e r e b y  

s t r i p p i n g   the   second  end  of  the  newly  formed  wire   segments   (FIG.  6 

A l t e r n a t i v e l y ,   s t r i p p i n g   b l ades   126,  a c t u a t o r   128,  and  wire   clamp  130 

3  may  be  o m i t t e d   if   only  c u t t i n g ,   and  not  wire  s t r i p p i n g ,   is  r e q u i r e d   a t  

the  second  end  of  tne  cable   h a r n e s s .  

As  has  beer,  o u t l i n e d   above,  a  choice  of  two 

wire   p r e p a r a t i o n   modules  68  or  122  is  a v a i l a b l e   for  the  s e c o n o  

t r a n s p o r t   assembly  52  (see  FIG.  10)  .  C a r r i e r s   60,  62  act  as  a  f r a m e  

10  a s s e m b l i e s   for  l o c a t i n g   (see  p ins   61)  and  l ock ing   (see  c o l t -   r e c e i v i n g  

mount ing   ho les   63)  a  s e l e c t e d   wire  p r e p a r a t i o n   module  for  movement 

t h e r e w i t h .   More  e l a b o r a t e   frame  a s sembl ie s   66'  »  68'  and  122'  a r e  

i l l u s t r a t e d   in  FIG.  1 0 .  

The  v a r i o u s   mooule  s t y l e s   o e s c r i b e c   ne re in   p rov ide   a  f  i n i s n e a  

15  second  h a r n e s s   end  naving  e i t n e r   a  connector   mass  t e r m i n a t e d   to  t n e  

w i r e s ,   or  second  wire   enas  whicn  are  e i t n e r   cut  or  c u t - a n o - s t r i p p e d ,  

in  w h a t e v e r   form  is  d e s i r e d   by  the  ena  user .   Those  s k i l l e d   in  tne  a r t  

w i l l   r e a d i l y   a p p r e c i a t e   t h a t   o tner   s t y l e s   of  wire  p r e p a r a t i o n   m o d u l e s  

can  be  employed  with  tne  p r e s e n t   i n v e n t i o n .   For  example,  a  mooule  f o r  

20  gang  c r i m p i n g   of  the  second  wire  ends  to  a  cr imp-  type  connec tor   can  b e  

p r o v i d e d .   If  the  w i r e s   comprise  a  f l a t   f l e x i o l e   cable   for  example ,  

tne  w i r e   p r e p a r a t i o n   mooules  can  provide  c l i n c n i n g   of  s u i t a b l y   formed 

t e r m i n a l s   to  the  f l a t   f l e x i b l e   cab le .   Also,  a  cab le   notching   r.KXiule 

can  be  p rov ided   i f   the   wi res   are  a s s o c i a t e d   in  a  c o n v e n t i o n a l   r i b b o n  
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cab l e .   No  m a t t e r   what  s t y l e   of  wire  p r e p a r a t i o n   mooule  is  r e q u i r e d ,  

the  p a r t i c u l a r   module  can  be  qu i ck ly   and  e a s i l y   b o l t e d   and  u n b o l t e d  

from  the  t h r e a d e d   mount ing  ho les   63  of  c a r r i e r s   60,  62,  by  s i m p l y  

i n s t a l l i n g   and  removing  four   mounting  bo l t s   for  each  m o d u l e .  

5  Throughout   t h i s   a p p l i c a t i o n ,   the  term  "wire  p r e p a r a t i o n   modu le"  

w i l l   be  employed  to  d e s c r i b e   any  of  the  above  ment ioned   d i f f e r e n t  

s t y l e s   of  modules  i n c l u d i n g   wire  f i n i s n i n g   a s s e m b l i e s   which  may 

comprise   equipment   for  t e r m i n a t i n g   the  t r a i l i n g   wire   ends  to  a  

c o n n e c t o r .   Even  tnough  the  term  "wire  f i n i s h i n g   assembly"   may 
10  a l t e r n a t e l y   be  employed  to  avoid  any  s u g g e s t i o n   of  e x c l u d i n g   a  m o o u l e  

s t y l e   where in   the  w i r e s   a re   t e r m i n a t e d   in  a  c o n n e c t o r ,   for  the  sake  o f  

s i m p l i c i t y ,   the  term  "wire   p r e p a r a t i o n   module"  w i l l   be  employed  t o  

cover  those  s t y l e s   of  modules  which  not  only  cut ,   s t r i p   or  notch  a n d  

perform  l i k e   o p e r a t i o n s   on  the  second  wire  ends,  but  a l so   t e r m i n a t e   o r  

15  o t h e r w i s e   p r epa re   for  t e r m i n a t i o n   of  those  enas  to  a  c o n n e c t o r .   I n  

e i t h e r   event  r  the  f e a t u r e   h i g h l i g h t e d   nere  is  t h a t   at  eacn  of  c n e  

modules ,   whatever   t n e i r   s t y l e ,   be  qu ick ly   and  e a s i l y   mounted  to  e i t n e r  

c a r r i e r   60  or  62  by  the  s imple   i n s t a l l a t i o n   and  removeable   of  f o u r  

mounting  b o l t s .   I t   should   be  e x p r e s s l y   under s tood   t n a t   o t h e r  

2Cl  p a r t i c u l a r   c o m b i n a t i o n s   of  modules  and  mounting  f rames  o the r   t h a n  

those   t h a t   se t   f o r t h   in  FIG.  10,  ana  e l sewhere   h e r e i n   w i l l   become 

a p p a r e n t   to  those   s k i l l e d   in  tne  a r t   upon  s tudy ing   tne  d e s c r i p t i o n  

h e r e i n ,   and  such  a r r a n g e m e n t s   are  regarded  as  being  i n c l u d e d   in  t h e  

p r e s e n t   i n v e n t i o n .  

25  F u r t h e r ,   i t   should   a l s o   be  exp re s s ly   unde r s tood   t h a t   the  p r e s e n t  
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i n v e n t i o n   i nc ludes   not  only  i roaular i .zato .on  of  the  e n t i r e   w i r e  

p r e p a r a t i o n   module,  but  a l so   any  p o r t i o n   t n e r e o f   .  For  example/  t n e  

'  modular   c o n c e p t  

upper  and/or   a  lower  wi re   p r e p a r a t i o n   p o r t i o n /   for  e x a m p l e .  

)  A l t e r n a t i v e l y /   the  concep t   a l s o   covers   the  modular  i n t e r   c h a n g e a b i l i t y  

of  wire   i n s e r t i o n   b l a d e s /   wire   d a m p i n g   means/  or  o ther   s u b p a r t s   of  a  

t r a n s p o r t   assembly  50  or  5 2 .  

IV.  First:  Modular  T r a n s p o r t   Assembly 

Turning  now  to  F igs .   1  and  2/  the  f i r s t   modular  t r a n s p o r t   a s s e m b l y  

10  50  r e c e i v e s   a  connec to r   14  from  tne  f i r s t   load ing   s t a t i o n   54/  ana  i s  

moved  to  t e r m i n a t i o n   s t a t i o n   58  by  c a r r i e r   60.  As  can  be  seen  i n  

FIG.  1/  the  f i r s t   l o a d i n g   s t a t i o n   54  comprises   an  a c c u m u l a t o r   t r a c k  

140  which  r ece ives   a  s i n g l e   row  of  connec to r s /   p laced   e n d - t o - e n d /   from 

a  source  not  shown.  The  l e a d i n g   connector   is  moved  by  s n u t t l e   142  t o  

ic  a  d e l i v e r y   t rack  144  unuer  tne  a c t i o n   of  t r a n s f e r   s o l e n o i a   146 .  

T h e r e a f t e r /   d e l i v e r y   s o l e n o i d   148  advances  tne  connec to r   a l o n g  

d e l i v e r y   t rack   144  to  c o n n e c t o r   nes t   70/  where  i t   is  p repa red   f o r  

t r a n s f e r   to  toe  t e r m i n a t i o n   s t a t i o n .  

Witn  r e f e r e n c e   to  Fig.  2/  the  wire   p r e p a r a t i o n   mooule  66  of  t n e  

20  f i r s t   t r a n s p o r t   assembly  50  i n c l u d e s   wire  i n s e r t i o n   b l aoes   74  i n s e r t e d  

in  a  moveable  neao  150/  whicn  is  mounted  for  r e c i p r o c a t i o n   about  g u i d e  

p ins   152  under  the  f o r ce   of  oouole   a c t i ng   a i r   c y l i n d e r   r e f e r r e d   t o  

above  as  a c t u a t o r   78.  Also  mounted  on  head  150  are  a  s e r i e s   of  w i r e  

s e p a r a t o r   b laoes   154  wnich  to  a l i g n   wires   40/  j u s t   p r i o r   t o  

25  t e r m i n a t i o n .  
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Tne  n r s t   modular   t r a n s p o r t   assembly  50  is  advanced  to  t e r m i n a t i o n  

s t a t i o n   58  at  a  lower  l eve l   than  t h a t   of  the  wire  feed  of  w i res   40,  a s  

i n d i c a t e d   in  F igs .   2  and  3a.  Wire  supply  92  i n c l u d e s   an  a s s o c i a t e d  

power  feed,   for  d i r e c t i n g   the  wi res   40  through  a  wire   guioe  162  h a v i n g  

5  a  d e l i v e r y   end  l o c a t e d   imnieoia te ly   a d j a c e n t   t e r m i n a t i o n   o t a t i o n   5 8 .  

Upon  d e l i v e r y   of  c a r r i e r   60  to  the  t e r m i n a t i o n   s t a t i o n   58,  t r a n s p o r t  

e l e v a t o r   94  is  a c t i v a t e d   co  r a i s e   tne  roos  82,  tnereby  e l e v a t i n g   t n e  

lower  wire   p r e p a r a t i o n   module  p o r t i o n   66L  l o c a t e d   trier  eon .  

Otner  a r r a n g e m e n t s   ror  e l e v a t i n g   tne  wire  p r e p a r a t i o n   mooule  w i l l  

10  oecome  a p p a r e n t   to  tnose   s k i l l e d   in  tne  a r t ,   in  l i g h t .   of  t n e  

d e s c r i p t i o n   h e r e i n .   For  example,  the  e n t i r e   wire  p r e p a r a t i o n   m o d u l e  

may  oe  r a i s e d   a  f i r s t   amount  witn  an  o p t i o n a l   c o u b l e - a c t i n g   s o l e n o i d  

84  r a i s i n g   60'  an  a c id i t i ona l   amount .  

As  connec to r   nest   70  is  r a i s e d ,   the  upper  su r face   or  c o n n e c t o r  

housing  16  c a r r i e d   t n e r e i n   c o n t a c t s   wi res   40,  d e f l e c t i n g   every  o t n e r  

wire   witn  toe  upper  row  of  t e r m i n a l s ,   to  produce  a  p r e d e t e r m i n e d  

a n g u l a r   d e f l e c t i o n   (see  Fig.  3d)  .  The  upwardly  d e f l e c t e d   wires   40U 

are   tnose   a l i g n e d   for  t e r m i n a t i o n   in  the  upper  row  28  of  connec to r   1 4 .  

The  remaining  s e t   of  wi res   40L,  to  oe  t e r m i n a t e d   to  the  l o w e r  

20  c o n n e c t o r   row  30,  are  p o s i t i o n e d   in  channe l s   42,  ex tending   between  t o e  

t e r m i n a l   r e c e i v i n g   c a v i t i e s   of  upper  row  28.  Channels  42  guide  w i r e s  

40L  to  t e r m i n a l s   l o c a t e d   on  tne  lower  connec tor   row  3 0 .  

E l e c t r i c a l   s e n s o r s   not  snown  in  the  r i g u r e s ,   i n i t i a t e   e n e r g i z a t i o n  

of  e l e v a t o r   94,  upon  a r r i v a l   of  c a r r i e r   60  at  t e n t i i n a t i o n   s t a t i o n   5 8 .  

25  Sequencing  c o n t r o l   170  t r a n s m i t s   tne  a c t u a t i o n   s igna l   to  e l e v a t o r   9 4 .  
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F u r t h e r   s e n s o r   s w i t c h e s /   ,  not  shown  in  the  f i g u r e s /   can  be  p r o v i d e d  

w i t h i n   s o l e n o i d   84  to  i n d i c a t e   when  c a r r i e r   bed  60*/  and  nence  l o w e r  

wire  p r e p a r a t i o n   module  p o r t i o n   66L/  is  r a i s ed   to  i t s   uppermost  h e i g h t .  

These  s w i t c h e s   send  a  s i gna l   to  sequenc ing   c o n t r o l   170  whicn  

>  de  e n e r g i z e s   e l e v a t o r   94  and  i n i t i a t e s   downward  movement  of  a c t u a t o r  

78/  s i J n u l t a n e o u s l y   i n s e r t i n g   botn  s e t s   of  wi res   40U/  40L  in  c o n n e c t o r  

rows  28/  30  .  Wires  40L,  upon  f u l l   ex t ens ion   o f  

i n s e r t i o n   b l a o e s   74/  taxe  an  equal  but  downwardly  d i r e c t e d   a n g u l a r  

o f f s e t   (see  Fig.   3c)  .  As  i n d i c a t e d   in  tne  p resen t   embodiment  o f  

10  Fig.  3c/  c o n n e c t o r   14  is  p r e f e r r a b l y   c en t e r ed   about  tne  l eve l   of  w i r e  

feed/  wi th   the  angu la r   o f f s e t s   of  the  upper  and  lower  rows  of  w i r e s  

being  e q u a l l y   d i s p l a c e d   from  tha t   l e v e l   of  wire  f e e o .  

A f t e r   f u l l   cownwaro  e x t e n s i o n   of  upper  mooule  p o r t i o n   66U7 

s e q u e n c i n g   c o n t r o l   170  i n i t i a t e s   a  r e t r a c t i o n   s igna l   to  oounle  a c t i n g  

lD  s o l e n o i d   78/  wnereupon  moving  neao  150  is  r e t u r n e u   in  an  upward 

d i r e c t i o n .   So leno id   84  is  e n e r g i z e d   to  pul l   oown  tne  lower  w i r e  

p r e p a r a t i o n   module  p o r t i o n   to  i t s   o r i g i n a l /   lower/  p o s i t i o n .   As 

c a r r i e r   60  r e t u r n s   wire  p r e p a r a t i o n   moaule  66  to  tne  f i r s t   l o a d i n g  

s t a t i o n   54/  wi res   40  t e r m i n a t e d   to  tne  connec tor   14  c a r r i e d   in  nes t   70 

2C  are  de  r e e l e d   as  tney  pass  tnrough  t e r m i n a t i o n   s t a t i o n   58.  If  t n e  

f  r i c t i o n a l   f o r c e s   of  d e r e e l i n g   are  too  g r e a t /   or  if  tne  d i s t a n c e  

between  the   f i r s t   l oad ing   s t a t i o n   54  and  t e r m i n a t i o n   s t a t i o n   58  is  n o t  

g r e a t   enougn/   a d d i t i o n a l   power  d e r e e l i n g   can  be  provided  at  w i r e  

supply   92.  Cable  loops  can  be  c o n v e n i e n t l y   cownwarcly  d i r e c t e d  

25  between  the   t e r m i n a t i o n   ana  load ing   s t a t i o n s .  
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S h o r t l y   be fo re   the  r e t u r n   of  t r a n s p o r t   assembly  50  to  the  f i r s t  

l o a d i n g   s t a t i o n   54  1  a  t e s t   c y l i n d e r   174  is  a u t o m a t i c a l l y   a c t i v a t e a   t o  

ex tend   moveable  bed  176  c a r r y i n g   t e s t   probes   178  (see  FIG.  2)  in  a n  

ex tended   p o s i t i o n   toward  the   connec to r   c a r r i e d   in  nest   70.  The  l e f t -  

5  hand  f r e e   end  of  t e s t   p robes   178  are  the reby   i n s e r t e d   in  connec to r   14 

in  p r e p a r a t i o n   for  e l e c t r i c a l   t e s t i n g   of  the  ha rnes s .   The  r i g h t - h a n d  

f r e e   end  of  probes  178  are  mated  witn  a  s t a t i o n a r y   connector   olock  180 

l o c a t e d   a d j a c e n t   l oad ing   s t a t i o n   54.  Connector   clock  180  c o n t a i n s  

s u i t a b l e   socKet  t o m i n a l s   for  r e c e p t i o n   of  probe  178/  p r o v i d i n g  

10  c o n n e c t i o n   to  an  e l e c t r i c a l   t e s t   a p p a r a t u s   not  snown  in  the  d r a w i n g s .  

P r e f e r r a b l y *   eacn  f r ee   end  of  t e s t   probes   178  is  provided  w i t h  

r e t r a c t a b l e   spr ing   l o a d i n g   to  p rov ide   easy  mating  between  connec to r   14 

and  connec to r   block  18C.  In  tne  p resen t   embodiment/  the  e l e c t r i c a l  

t e s t i n g   is  performed  only  on  s ing le r -enaeo   n a r n e s s e s   (see  Sec t ion   V I /  

15  Delow)  to  d e t e c t   any  s n o r t s   oerween  a d j a c e n t   na rness   c o n d u c t o r s .  

Other  s u i t a b l e   e l e c t r i c a l   t e s t i n g   as  is  Known  in  tne  a r t /   may  be  

pe r fo rmed   on  both  s i n g l e   or  oouDle-enoea   n a r n e s s e s   oeing  f a b r i c a t e d .  

V.  Second  Modular  T r a n s p o r t   Afisemhly 

The  wire  p r e p a r a t i o n   mooule  of  tne  second  modular  t r a n s p o r t  

20  assembly   52  can  taxe  at  l e a s t   t h r e e   forms.   If  a  couole  enoed  n a r n e s s  

is  r e q u i r e d /   a  wire   p r e p a r a t i o n   module/  s i m i l a r   in  f u n c t i o n   to  t n a t  

d e s c r i b e d   aoove/  can  be  p rov ided   for  mass  t e r m i n a t i o n   to  a  s e c o n d  

c o n n e c t o r   14.  However/  if  a  s i n g l e - e n d e d   na rness   is  r equ i r ed /   t n e  

wire   p r e p a r a t i o n   mooule  need  only  c o n t a i n   a  wire  c u t t i n g   a e v i c e .  

25  A l t e r n a t i v e l y /   if  a  s i n g l e - e n d e d   h a r n e s s   having  s t r i p p e d   e l e c t r i c a l  



■  26  -  

w i res   at  i t s   f r e e   end  is  r e q u i r e d /   wire  c u t t i n g   and  s t r i p p i n g  

equipment  can  be  mounted  to  the  second  c a r r i e r   62.  The  numeral  68  h a s  

been  app l i ed   to  the  mass  t e r m i n a t i o n   wire  p r e p a r a t i o n   mooule  of  t n e  

p r e s e n t   embodiment.   The  o ther   wire   p r e p a r a t i o n   mooule  d e s c r i b e d  

'  he re inbe low  is  d e s i g n a t e d   by  numeral  122  and  i n c l u d e s   wire  c u t t i n g   a n d  

s t r i p p i n g   f e a t u r e s .  

R e f e r r i n g   now  to  Fig.  4/  a  secono  modular  t r a n s p o r t   assembly  5 2 .  

adapted  for  mass  t e r m i n a t i o n   to  a  second  connec tor   14,  is  snown 

compris ing  a  c a r r i e r   62  ano  a  wire   p r e p a r a t i o n   module  68.  A  c o n n e c t o r  

10  nes t   72  c a r r i e s   a  connec to r   14  from  secono  l oad ing   s t a t i o n   56  t o  

t e r m i n a t i o n   s t a t i o n   58.  The  f i r s t   and  secono  connec tor   l o a d i n g  

s t a t i o n s   54.  56  are  f u n c t i o n a l l y   s i m i l a r .   Accord ing ly   /  the  n u m e r a l s  

~140  to  148  used  to  de sc r i be   the  f i r s t   load ing   s t a t i o n   are  r e p e a t e d   f o r  

tne  second  s t a t i o n   84/  out  appear  t n e r e i n   as  primeo  numerals .   F o r  

-,-  example  .  tne  accumula to r   tracK  at  tne  secono  connec tor   loading  s t a t i o n  

is  d e s i g n a t e d   Dy  numeral  1 4 0 ' .  

In  a d d i t i o n   to  tne  secono  connec tor   nes t   72.  wire  p r e p a r a t i o n  

mooule  68  i n c l u d e s   upper  and  lower  wire  clamps  200.  202/  r e s p e c t i v e l y .  

Lower  wire  clamp  202  is  mounted  for  r e t r a c t i o n   toward  c a r r i e r   62  py 

20  oouble  a c t i ng   pul ldown  a c t u a t o r   85.  Ca r r i e r   beo  62'  is  mounted  r o r  

v e r t i c a l   r e c i p r o c a l   movement  oy  guide  pins  83  .  Also  mounted  to  t n e  

lower  p o r t i o n   63L  of  r .oaule  68  is  a  t r a v e l l i n g   wire  como  208/  t n e  

f u n c t i o n   of  which  w i l l   oe  d e s c r i b e d   l a t e r .   The  upper  mooule  p o r t i o n  

68U  c o n s i s t s   of  the  a f o r e m e n t i o n e d   upper  wire  clamp  200/  w i r e  

25  s e p a r a t o r   o l ades   210/  wire  c u t - o f f   and  i n s e r t i o n   b laoes   76  and  a  w i r e  
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clamp  214.  The  a f o r e m e n t i o n e d   components  76  ,  200  and  204-214  a r e  

mounted  for  common  movement  to  a  moveable  nead  216  wnicn  is  d r i v e n   by 

a c t u a t o r   80  for  movement  about  guide  pins  220.  The  l e f t   most  w i r e  

clamp  214  is  mounted  for  i n d e p e n d e n t   movement  with  r e spec t   to  h e a d  

5  216,  by  a c t u a t o r   222,  to  p ress   w i r e s   40  aga in s t   su r face   72'  ( s e e  

FIG.  4 a ) .  

Witn  r e f e r e n c e   now  to  FIGS.  4a  to  4f,  o p e r a t i o n   of  the  s e c o n d  

t r a n s p o r t   assembly  having  a  mass  t e r m i n a t i o n   wire  p r e p a r a t i o n   moou le  

w i l l   be  d e s c r i b e d .   All  o p e r a t i o n s   take  place  at  tne  common 

10  t e r m i n a t i n g   s t a t i o n   58  whereat   the  f i r s t   t r a n s p o r t   assembly  50  h a s  

d e r e e l e d   wi res   40  such  t ha t   a  c o n t i n u o u s   wire  p o r t i o n   is  p o s i t i o n e d  

above  t e r m i n a t i o n   s t a t i o n   58.  Upon  a r r i v a l   of  tne  second  t r a n s p o r t  

assembly  52  (FIG.  4a) ,   c a r r i e r   bed  62'  is  r a i s ed   by  e l e v a t o r   9 4 .  

Sensor  swi t cnes   a s s o c i a t e d   witn  pu l l   down  so leno io   b5  i n d i c a t e   t o  

15  sequenc ing   c o n t r o l   230  wnen  c a r r i e r   beo  62'  nas  oeen  el  ev  a  tea  to  a  

maximum  ne igh t ,   wnereat   tne  top  s u r f a c e   72'  of  connector   nest   72  comes 

in  c o n t a c t   witn  wi res   40  (FIG.  4d)  .  Thereupon,  e n e r g i z a t i o n   o f  

e l e v a t o r   94  is  d i s c o n t i n u e d   by  c o n t r o l   230  wnicn  tnen  i n i t i a t e s  

i ndependen t   movement  of  lower  wire   clamp  202  u n t i l   it  a lso   c o n t a c t s  

20  wires   40,  wnicn  are  m a i n t a i n e d   at  t n e i r   l eve l   of  wire  feeo  se t   Dy  w i r e  

guioe  162  (FIG.  4c)  .  At  t h i s   po in t   con t ro l   230  can  i n i t i a t e   t n e  

lower ing  of  wire  clamp  214  by  e n e r g i z i n g   a c t u a t o r   222.  T h e r e a f t e r ,   a s  

i n d i c a t e d   in  FIG.  4c,  t r a v e l l i n g   wire   comb  208  is  moveo  to  tne  l e f t ,  

toward  second  connec to r   14,  is  lowered  so  as  to  engage  wi res   40,  a n a  

25  is  t h e r e a f t e r   r e t r a c t e d   pas t   lower  wire   clamp  2 0 2 .  
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Upon  c o m p l e t i o n   of  the  wire  comb  cycle ,   s equenc ing   c o n t r o l   230  

e n e r g i z e s   a c t u a t o r   80.  to  i n i t i a t e   d e p r e s s i o n   of  t o o l i n g   neaa  216.  As 

i n a i c a t e d   in  FIG.  4e.  the  t e r m i n a t i o n   cycle  is  shown  at  a  t i n e   j u s t  

a f t e r   c o n t a c t   of  upper  and  lower  wire   clamp  members  200.  202.  The 

■}  l e t   t hand   edge  76c  of  wire   c u t t i n g   and  i n s e r t   b l ades   76  has  j u s t  

engaged  a  c o o p e r a t i n g   eage  72c  of  connector   nest   72  so  as  to  s e v e r  

w i r e s   40.  Also,  s equenc ing   con t ro l   230  r e l i e v e s   rack  p r e s s u r e   on 

s o l e n o i d   85,  to  al low  lower  wire  clamp  202  to  be  f u l l y   d e p r e s s e s   by 

the  cownwaraly  moving  wire   clamp  200.  Upon  maximum  obwnward  e x t e n s i o n  

10  of  t he   upper  module,  as  i n d i c a t e d   by  sensors   l o c a t e d   w i t h i n   s o l e n o i o  

85.  s e q u e n c i n g   c o n t r o l   230  a e e n e r g i z e s   so l eno id   80  at  a  po in t   w h e r e  

c u t - o f f   ana  i n s e r t i o n   o l a d e s   212  have  f u l l y   seated"  tne  newly  fo rmea  

wire   segments   in  tne  t e r m i n a l s   or  tne  secono  connec tor   1 4 .  

I m m e d i a t e l y   p r io r   to  tne  t e r m i n a t i o n   snown  in  FIG.  4a,  wire  s e p a r a t o r s  

210  nave  engaged  tne   f r e s h l y   cut  wire  segments  to  c.ia  in  a l i g n m e n t  

witn  tne  t e r m i n a l s   of  connec to r   14.  T h e r e a f t e r ,   as  snown  in  FIG.  4 f .  

s e q u e n c i n g   c o n t r o l   c o n t r o l   230  i n i t i a t e s   r a i s i n g   or  upper  w i r e  

p r e p a r a t i o n   moaule  68U,  by  e n e r g i z i n g   aouole  a c t i n g   s o l e n o i a   8 0 .  

S i m u l t a n e o u s l y ,   or  at  a  c o n v e n i e n t   time  t h e r e a f t e r ,   sequenc ing   c o n t r o l  

230  e n e r g i z e s   douole   a c t i n g   s o l e n o i a   85  to  r e t r a c t   lower  wire   c l amp  

202.  t n e r e o y   p u l l i n g   tne   c a r r i e r   bea  62 ' .   witn  lower  moaule  p o r t i o n  

68L  ana  connec to r   nes t   72.  below  tne  newly  formea  r ree   ena  of  s u p p l y  

w i r e s   40.  At  sometime  p r i o r   to  the  s tep  snown  m  FIG.  4f .   e l e v a t o r   y4 

is  r e t r a c e a   so  as  to  r e t r a c t   the  toggle   lock  mecnanism  a l l o w i n g  

25  downward  movement  of  c a r r i e r   bea  62'  . 
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The  t e r m i n a t i o n   of  the   second  connector   14  forms  a  d o u n l e - e n o e a  

h a r n e s s   ready  for  e j e c t i o n   from  the  t r a n s p o r t   a s s e m b l i e s   50/  5 2 .  

R e f e r r i n g   to  FIGS.  1  and  5/  e j e c t i o n   arms  100/  are  ex tenaea   to  o v e r l i e  

the   c o n n e c t o r s   14/  t h e i r   s p r i n g - l o a d e d   pawls  184  being  r e t r a c t a b l e   a s  

5  they  a re   passed   over  the  connec to r   hous ings .   As  pawls  184  c l e a r   t n e  

remote  end  of  c o n n e c t o r s   14/  e j e c t i o n   arms  100  r eve r se   d i r e c t i o n   a n d  

pawls  184  pu l l   c o n n e c t o r s   14  onto  t h e i r   r e s p e c t i v e   e j e c t   t r a c k s   1 0 4 /  

for  t r a n s p o r t   to  90  degree   r o l l - o v e r   s t a t i o n s   107  (see  FIG.  1)  . 

An  example  of  a  r o l l - o v e r   s t a t i o n   107  is  shown  in  FIG.  5 a  

10  i n c o r p o r a t e d   with  an  arm  100.  In  t n i s   f i g u r e /   arm  100  is  mounted  f o r  

r e c i p r o c a l   e x t e n s i o n   ano  r e t r a c t i o n   i n d i c a t e d   by  arrow  240  unoer  t h e  

d r i v i n g   fo rce   of  a c t u a t o r   242.  In  t n i s   o p t i o n a l   a r rangement   or  r o l l -  

over  s t a t i o n   107/  a  second  pawl  244  is  provided  to  p roviae   g r i p p i n g   o r  

c o n n e c t o r   14.  The  l e a d i n g   pawl  184  is  p r e f e r a b l y   mounted  on  a n  

1-'  e x t e n d a b l e   s e c t i o n   246  of  e j e c t   arm  100/  wnile  tne  secono  pawl  244  i s  

f i x e d   in  a  s t a t i o n a r y   p o s i t i o n .   After  g r i p p i n g   of  connec to r   14 

between  pawls  184/  244/  a  motor  250  is  e n e r g i z e d   to  d r ive   tne  g e a r  

252.  Ac tua to r   242  ana  e j e c t   arm  100  are  r o t a t a b l y   mounted  at   eacn  eno 

by  ro ta   ta  ole  s u p p o r t s   254/  256.  As  i n d i c a t e d /   tne  l ead ing   suppor t   254 

20 is  r o t a t a t l y   d r i ven   oy  gear  252.  Accord ing ly /   connec to r   14  is  r o t a t e d  

90  deg ree s   in  a  p lane  ex t end ing   p e r p e n d i c u l a r   to  e j e c t   t r a c k   104 .  

Limit   sw i t ches   260  o e e n e r g i z e   motor  250/  wnen  the  proper   a n g u l a r  

r o t a t i o n   is  acn ieveo .   upon  r o t a t i o n /   a c t u a t o r   242  is  again  e n e r g i z e d  

to  i n t r o d u c e   connec tor   14  to  a  d e l i v e r y   t r e a t   110/  wnicn  w i l l   c e  

25  e x p l a i n e d   below  with  r e f e r e n c e   to  FIG.  8 a .  
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A  second  r o l l - o v e r   s t a t i o n   l /u   roust  oe  p t w i t w j   iuj.  a  £*=wj*j 

connec to r   14/  when  a  c o u r s e - e n d e d   harness   is  p roducea .   While  a  

p a r t i c u l a r   r o l l - o v e r   s t a t i o n   170  is  shown  in  FIG.  5ar  o t n e r  

a r r a n g e m e n t s   w i l l   become  appa ren t   to  tnose  s k i l l e d   in  the  a r t .  

Upon  l e a v i n g   s t a t i o n s   107/  connectors   14  are  p o s i t i o n e d   with  t n e i r  

mating  ends  24  upwardly  d i r e c t e d /   ana  wires  12  e x t e n d i n g   b e t w e e n  

c o n n e c t o r s   14  forming  a  downward  loop/  as  shown  in  FIG.  7 a .  

VI.  A l t e r n a t i v e   Sp^nno  Modular  Transpor t   AfiSffllalv 

As  r e f e r r e d   to  above/  an  a l t e r n a t i v e   embodiment  of  tne  s e c o n o  

0  modular  t r a n s p o r t   a s sembly /   de s igna t ed   g e n e r a l l y   at  521,  i n c l u d e s   w i r e  

c u t t i n g   and  s t r i p p i n g   t o o l i n g /   ra ther   tnan  tne  mass  t e r m i n a t i o n  

t o o l i n g   r e f e r r e d   to  above.   Refe r r ing   now  to  FIGS.  6a  to  6e,  o p e r a t i o n   o f  

the  cut  and  s t r i p   wire   p r e p a r a t i o n   module  122  w i l l   be  o e s c r i o e o .   As 

r e f e r r e d   to  above  witn  r e f e r e n c e   to  FIG.  4/  wires   40  nave  b e e n  

i5  ex tenoea   pas t   t e r m i n a t i o n   s t a t i o n   58  oy  tne  f i r s t   t r a n s p o r t   a s s e m b l y  

50/  upon  i t s   r e t r a c t i o n   to  a  point   aa j acen t   l o a d i n g   s t a t i o n   5 4 .  

T h e r e a f t e r /   as  snown  in  FIG.  6a/  opposed  moving  wire   comb  members  130/  

132  are  ex tenoea   toward  the   wire  supply  92.  As  l n u i c s t e o   in  FIG.  6b/  

tne  wire   combs  are  b r o u g h t   i n to   engagement  witn  eacn  o t n e r /   ana  a r e  

20  t h e r e a f t e r   r e t r a c t e d   to  t h e i r   i n i t i a l   p o s i t i o n /   being  moved  t o w a r d  

f i r s t   t r a n s p o r t   assembly  50.  With  th i s   o p e r a t i o n /   v i r e s   40  nave  o e e n  

combed  ana  a l i g n e d /   ready  for  c u t t i n g   ana  s t r i p p i n g   o p e r a t i o n s .  

Sensors   l o c a t e d   in  wire   combs  130/  132  seno  a  cyc le   comple t i on   s i g n a l  

to  sequence  c o n t r o l   240/  upon  r e tu rn ing   to  t h e i r   i n i t i a l   p o s i t i o n .  

25  T h e r e a f t e r /   sequenc ing   c o n t r o l   240  ene rg izes   e l e v a t o r   94/  r a i s i n g  
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t o o i i n g   xieou  to  engage  wi res   4Ur  ana  r a i s i n g   lower  wire  clamp  248 

to  a l s o   engage  wire  40.  Tool ing  heao  246  and  wire  clamp  248  are  b o t n  

c o n t a i n e d   on  a  moveable  bed  250.  Pul l   down  s o l e n o i a   256  is  in  t u r n  

f a s t e n e d   to  bed  250  to  ensure   r e t r a c t i o n   t n e r e o f   at  the  p roper   t i m e .  

5  Sensors   l o c a t e d   w i t n i n   s o l e n o i d   256  inui  e a t i n g   f u l l   upward  

e x t e n s i o n   of  t o o l i n g   nead  246  send  a  s igna l   to  sequenc ing   c o n t r o l   2 4 0 ,  

i n i t i a t i n g   downward  e x t e n s i o n   of  a c t u a t o r   80'  (FIG.  6c) .   At  t n i s  

t ime,   c o n t r o l   240  e n e r g i z e s   a c t u a t o r   222  lowering  wire  clamp  214  t o  

p r e s s   wi res   40  a g a i n s t   tne  lower  wire  p r e p a r a t i o n   module.  C u t t i n g  
10  b l a d e s   124  and  s t r i p p i n g   o l aaes   126  are  tnereby   lowered  for  engagement  

with  c u t t i n g   edge  246c  and  lower  s t r i p p i n g   blade  126 ' ,   r e s p e c t i v e l y .  

Also,   upper  wire  clamp  249  is  brought   in to   engagement  witn  i t s   m a t i n g  

c o u n t e r p a r t   248,  so  as  to  f i rmly   engage  wires   40.  Upon  tne  f u l l  

downward  e x t e n s i o n   of  a c t u a t o r   80",  a  s igna l   is  sent  to  s e q u e n c i n g  

c o n t r o l   240  to  i n i t i a t e   tr.e  r ign twaro   e x t e n s i o n   or  a c t u a t o r   128.  T h i s  

a c t i o n   moves  wire  clamps  248,  249  towarc  tne  r i g n t ,   away  f rom 

s t r i p p i n g   b lades   126,  126 ' ,   to  e f f e c t i v e l y   s t r i p   the  newly  formed  f r e e  

enus  of  the  na rnes s   w i r e s ,   as  i n d i c a t e d   in  FIG.  6 e .  

VII.   P o l a r i z i n g   Peg  Removal  s t a t i o n  

-0  Turning  now  to  FIG.  7,  connec to r s   14  are  l o c a t e d   a t   a  peg  removal  

s t a t i o n   112,  wnereat   k n i f e - l i k e   peg-removing  b lades   118  are  lowered  t o  

sever   s e l e c t e d   p o l a r i z i n g   pegs  116  from  tne  upper  ana  lower  n o u s i n g  

s u r f a c e s   20,  22,  r e s p e c t i v e l y .   The  pegs  116  have  been  p o s i t i o n e d   s o  

as  to  extena   beyond,  but  not  o v e r l i e   mating  edge  24.  The  p o s i t i o n i n g   • 

"J  of  c o n n e c t o r s   14,  to  w i t n s t a n d   tne  force   of  s eve r ing   b laoes   118  i s  
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ensu red   by  d e l i v e r y   t r a c k   110.  Blaoes   118  are  mounted  to  a  p r e s s - l i x e  

a c t u a t o r   119  for  downward  movement  a c ros s   top  and  bottom  c o n n e c t o r  

s u r f a c e s   20,  22.  A c c o r d i n g l y ,   i t   is  impor tan t   t h a t   t r a c k   110  is  m o r e  

narrow  than  the  body  of  c o n n e c t o r   14,  and  p r even t s   s ideways   rock ing   o f  

5  t n a t   oooy  dur ing  peg  r e m o v a l .  

VI I I .   De l i ve ry   T r a c k  

R e f e r r i n g   now  to  FIG.  6a,  tne   d e l i v e r y   t rack  110  w i l l   De  e x p l a i n e d  

in  g r e a t e r   d e t a i l .   Connec to r s   14  have  al ignment  tans  260  e x t e n d i n g  

from  mating  ena  24  to  form  an  a l i g n m e n t   cnannel  262  e x t e n d i n g  

10  t n e r e a l o n g .   Track  110  has  an  upper  r a i l   memoer  266  c o m p l e m e n t a r i l y  

snapeo  witn  cnannel   262,  for  a  c l o s e - f i t t i n g   r e c e p t i o n   t h e r e i n .   T r a c k  

110  f u r t n e r   i n c l u d e s   secono  ana  t h i r c   r a i l   members  270,  272  w n i c n  

engage  and  suppo r t   tne  wire   r e c e i v i n g   ena  26  of  connec to r   14 

imrrieoiately  a d j a c e n t   the  cop  ana  co t ton   connector   s u r f a c e s   20,  22.  I n  

!5  e f f e c t ,   lower  r a i l s   272,  270  oppose  upper  r a i l   266  to  form,  a  c o n n e c t o r  

r e c e i v i n g   c a v i t y   c o r r e s p o n d i n g   to  tne  p r o f i l e   of  connec to r   14.  Witr. 

u^per  r a i l   266  r e c e i v e d   in  cnannel   262,  ana  lower  r a i l s   270,  272 

s u p p o r t i n g   tne  opposed  ena  wall   26,  the  connector   is  s u p p o r t e d   by 

t r a c k   110  to  p r even t   r o o t i n g   movement  during  tne  s l i d i n g   t r a v e l   of  t h e  

connec to r   t n e r e a l o n g .   The  r o o t i n g   movement  r e f e r r e d   to  occurs   a  p l a n e  

e x t e n d i n g   along  tne  t r e a t ,   as  we l l   as  the  two  d i r e c t i o n s   m u t u a l l y  

p e r p e n d i c u l a r   t n e r e t o .  

ix.  Web  Removal  S t a t i o n  

R e f e r r i n g   now  to  FIG.  8,  c o n n e c t o r s   14  are  s l i o   along  t r a c k   1 1 0 ,  

for  p r e s e n t a t i o n   to  weo  re. ioval   s t a t i o n   114  wnicn  i n c l u d e s   a  
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p r e d e t e r m i n e d   p l u r a l i t y   or  weo  removing  b laoes   120.  As  i n o i c a t e o   i n  

FIG.  8b»  the  web  removal  b l a d e s   are   lowered  i n to   the  mating  ena  o f  

c o n n e c t o r   14/  so  as  to  remove  s e l e c t e d   web  p o r t i o n s   44/  to  form  a  

p l u r a l i t y   of  connector   modules  46  as  i n d i c a t e d   by  the  do t t ed   l i n e s   o f  

FIG.  8c.  The  phantcm  l i n e s   280  i n d i c a t e   the  region  of  m a t e r i a l  

removed  f  ran  connector   nousing  16  by  o laaes   120  c o r r e s p o n d i n g   to  a  web 

p o r t i o n   4 4 .  

As  i n o i c a t e o   in  FIG.  8c/  tne  p a r t i c u l a r   connec tor   moaules  46 

formea  Dy  blaoes  120  have  a  v e r t i c a l l y   e l o n g a t e a   s ide  p r o f i l e /  

p a r t i c u l a r l y   for  a  t w o - c i r c u i t   connec to r   compris ing  one  upper  t e r m i n a l  

ana  one  lower  t e r m i n a l .   The  a r r angemen t   of  d e l i v e r y   t r ack   110  i s  

p a r t i c u l a r l y   advantageous   in  t n a t   i t   p rov i ae s   r e l i a b l e   s l i o i n g  

t r a n s p o r t   of  the  connec tor   module/  wi tnout   rocking  about  any  of  i t s  

t n r e e   mutua l ly   o r tnocona l   axes,   one  of  wnicn  l i e s   in  tne  d i r e c t i o n   o f  

t r a c k   110 .  
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CLAIMS: 

1.  A  m e t h o d   of   p r o d u c i n g   a  d o u b l e - e n d e d  

e l e c t r i c a l   c a b l e   h a r n e s s ,   by  mass  t e r m i n a t i n g  

the   f i r s t   ends   of   a  p l u r a l i t y   of  d o u b l e - e n d e d  

i n s u l a t i o n - c l a d   w i r e s   to  a  c o n n e c t o r   h a v i n g   a  

p l u r a l i t y   of  i n s u l a t i o n   d i s p l a c e m e n t   t e r m i n a l s ,  

i n c l u d i n g   the   s t e p s   o f :  

l o a d i n g   a  c o n n e c t o r   o n t o   a  f i r s t   t r a n s p o r t  

a s s e m b l y   ( 5 0 ) ,  

0  f e e d i n g   and  m e a s u r i n g   w i r e s   so  t h a t   t h e  

f i r s t   e n d s   t h e r e o f   a r e   p o s i t i o n e d   a d j a c e n t   s a i d  

c o n n e c t o r   , 

t e r m i n a t i n g   f i r s t   e n d s   of  s a i d   w i r e s   t o  

s a i d   c o n n e c t o r   to   form  a  f i r s t   f i n i s h e d   end  o f  

15  s a i d   - h a r n e s s ,  

c h a r a c t e r i s e d   b y :  

r e m o v a b l y   m o u n t i n g   one  of  a  p l u r a l i t y   o f  

d i f f e r e n t   s e l e c t i v e l y   a c t u a b l e   h a r n e s s   f i n i s h i n g  

m o d u l e s   to  a  s e c o n d   t r a n s p o r t   a s s e m b l y   ( 5 2 ) ;  

20  m o v i n g   s a i d   s e c o n d   t r a n s p o r t   a s s e m b l y   a d j a c e n t  

s a i d   s e c o n d   w i r e   e n d s ;   a n d  

a c t u a t i n g   s a i d   one  m o d u l e   to  s i m u l t a n e o u s l y  

f i n i s h   t he   s e c o n d   w i r e   ends   to  form  a  s e c o n d   f i n i s h e d  

h a r n e s s   e n d .  

25  2.  The  m e t h o d   of  c l a i m   1  i n c l u d i n g :  
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f e e d i n g   t he   w i r e s   a l o n g   a  f i r s t   l e v e l   s o  

t h a t   t he   f i r s t   e n d s   t h e r e o f   a r e   l o c a t e d   at   a 

p r e d e t e r m i n e d   p o s i t i o n ;  

l o a d i n g   s a i d   c o n n e c t o r   to  s a i d   f i r s t   t r a n s p o r t  

5  a s s e m b l y   (50)   at   a  s e c o n d   l o w e r   l e v e l ;  

m o v i n g   s a i d   f i r s t   t r a n s p o r t   a s s e m b l y   a l o n g  

s a i d   s e c o n d   l e v e l   to  t he   p r e d e t e r m i n e d   p o s i t i o n  

a d j a c e n t   s a i d   f i r s t   w i r e   e n d s ;   a n d  

e l e v a t i n g   at   l e a s t   a  p o r t i o n   of  s a i d   f i r s t  

10  t r a n s p o r t   a s s e m b l y   so  t h a t   s a i d   c o n n e c t o r   l o a d e d  

t h e r e o n   i s   p l a c e d   i m m e d i a t e l y   u n d e r   s a i d   w i r e s ,  

so  as  to  p o s i t i o n   s a i d   f i r s t   w i r e   ends   f o r   m a s s  

t e r m i n a t i o n   to  s a i d   c o n n e c t o r .  

3-  The  m e t h o d   of  c l a i m   2  i n c l u d i n g :  

15  m o v i n g   s a i d   s e c o n d   t r a n s p o r t   a s s e m b l y   ( 5 2 )  

a l o n g   s a i d   s e c o n d   l o w e r   l e v e l   to  a  p o s i t i o n   a d j a c e n t  

s a i d   s e c o n d   w i r e   e n d s ;   a n d  

e l e v a t i n g   a  p o r t i o n   of  s a i d   s e c o n d   t r a n s p o r t  

a s s e m b l y   to  p o s i t i o n   s a i d   one  h a r n e s s   f i n i s h i n g  

20  m o d u l e   i m m e d i a t e l y   a d j a c e n t   s a i d   w i r e s ,   in  a s s o c i a t i o n  

t h e r e w i t h   f o r   f i n i s h i n g   s a i d   s e c o n d   w i r e   e n d s  

upon  p r e p a r a t i o n   f o r   a c t u a t i o n   of  s a i d   m o d u l e .  

4  .  The  m e t h o d   of  any  p r e c e d i n g   c l a i m   w h e r e i n :  

s a i d   one  h a r n e s s   f i n i s h i n g   m o d u l e   c o m p r i s e s  

25  an  a r r a n g e m e n t   f o r   mass  t e r m i n a t i n g   t he   s e c o n d  
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nds   of   s a i d   w i r e s   to  a  s e c o n d   c o n n e c t o r   n a v m g  

p l u r a l i t y   of  i n s u l a t i o n   d i s p l a c e m e n t   t e r m i n a l s ,  

o  form  t h e   s e c o n d   f i n i s h e d   end  of   s a i d   h a r n e s s ,  

s a i d   one  and  s a i d   s e c o n d   c o n n e c t o r s   e a c h  

iave  an  i n t e g r a l l y   f o r m e d   h o u s i n g   w i t h   o p p o s e d  

.op  and  b o t t o m   s u r f a c e s   e x t e n d i n g   in  t h e   a x i a l  

l i r e c t i o n   b e t w e e n   o p p o s e d   f o r w a r d   m a t i n g   and  r e a r w a r d  

»nd  w a l l s   ana  at   l e a s t   two  rows  of   a x i a l l y   e x t e n d i n g  

t e r m i n a l   r e c e i v i n g   c a v i t i e s ,   s a i d   rows  of   c a v i t i e s  

s t a c k e d   one  on  t o p   of  t h e   o t h e r   in  a  s t a g g e r e d  

f a s h i o n   so  t h a t   t h e   c a v i t i e s   of   one  row  a r e   p o s i t i o n e d  

b e t w e e n   t h e   c a v i t i e s   of  t he   o t h e r   row,  e a c h   c a v i t y  

n a v i n g   an  u p w a r d l y   f a c i n g   w i r e   r e c e i v i n g   s l o t  

o p e n i n g   to   s a i d   t op   h o u s i n g   s u r f a c e ,   so  t h a t  

a l l   of  s a i d   w i r e s   can  be  i n s e r t e d   f o r   t e r m i n a t i o n  

f rom  s a i d   top   h o u s i n g   s u r f a c e ,  

t h e   m e t h o d   i n c l u d i n g  

l o a d i n g   s a i d   one  and  s a i d   s e c o n d   c o n n e c t o r s  

o n t o   s a i d   f i r s t   and  s e c o n d   w i r e   p r e p a r a t i o n   m o d u l e s ,  

r e s p e c t i v e l y ,   so  t h a t   t h e   top   c o n n e c t o r   s u r f a c e s  

of   e a c h   c o n n e c t o r   a r e   m a i n t a i n e d   f a c i n g   t h e   s a m e  

d i r e c t i o n   d u r i n g   t e r m i n a t i o n ;   a n d  

t e r m i n a t i n g   r e s p e c t i v e   w i r e   ends   to  t h e  

rows   of   e a c h   r e s p e c t i v e   c o n n e c t o r ,   s i m u l t a n e o u s l y .  

5.  The  m e t h o d   of  c l a i m   M  i n c l u d i n g :  
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 ̂ WJJU  oQj.u  s e c o n a   c o n n e c t o r s  

jpon  t e r m i n a t i o n   t h e r e o f ,   so  t h a t   t he   f o r w a r d  

n a t i n g   e n d s   t h e r e o f   a r e   u p w a r d l y   d i r e c t e d ,   w i t h  
:he  w i r e s   of   s a i d   h a r n e s s   e x t e n d i n g   b e t w e e n   s a i d  

c o n n e c t o r s   f o r m i n g   a  d o w n w a r d l y   e x t e n d i n g   l o o p ;  
i n d  

t r a n s p o r t i n g   s a i d   h a r n e s s   to  a  r e m o t e   w o r k  
s t a t i o n   by  s l i d i n g   t h e   r e a r w a r d   end  w a l l s   of  s a i d  
: o n n e c t o r s   a l o n g   r e s p e c t i v e   f i r s t   and  s e c o n d   t r a n s p o r t  
r a c k s ,   e a c h   h a v i n g   s l o t t e d   o p e n i n g s   f o r   r e c e i v i n g  
a i d   w i r e s .  

6.  A  m u l t i - s t a t i o n   a p p a r a t u s   f o r   p r o d u c i n g  
d o u b l e - e n d e d   e l e c t r i c a l   c a b l e   h a r n e s s   by  m a s s  

e r m i n a t i n g   the   f i r s t   ends   of  a  p l u r a l i t y   of  d o u b l e -  
nded  i n s u i a t i o n - c l a d   w i r e s ,   to  a  c o n n e c t o r   h a v i n g  

p l u r a l i t y   of  i n s u l a t i o n   d i s p l a c e m e n t   t e r m i n a l s ,  

□ e l u d i n g  

a  c o n n e c t o r   t r a n s p o r t   a s s e m b l y   (50)   f o r  

r e i v i n g   and  m o v i n g   the   c o n n e c t o r   b e t w e e n   s t a t i o n s ,  

means   f o r   l o a d i n g   the   c o n n e c t o r   o n t o   s a i d  

m n e c t o r   t r a n s p o r t   a s s e m b l y ,  

w i r e   f e e d i n g   means   f o r   f e e d i n g   and  m e a s u r i n g  
ie  w i r e s   so  t h a t   t h e   f i r s t   ends   t h e r e o f   a r e   a s s o c i a t e d  
. th  t h e   c o n n e c t o r  

w i r e   t e r m i n a t i o n   means   f o r   t e r m i n a t i n g   t h e  

r s t   e n d s   of   t h e   w i r e s   to  s a i d   c o n n e c t o r   to  f o r m  
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a  f i r s t   f i n i s h e d   end  of  s a i d   h a r n e s s ,  

c h a r a c t e r i s e d   by  h a r n e s s   f i n i s h i n g   m e a n s  

i n c l u d i n g   : 

a  f r a m e   a s s e m b l y   (62)   h a v i n g   m e a n s   f o r   r e m o v a b l y  

'-)  m o u n t i n g   one  of   a  p l u r a l i t y   of   h a r n e s s   f i n i s h i n g  

m o d u l e s   (68)   to  s a i d   a p p a r a t u s ;   a n d  

one  of  a  p l u r a l i t y   of  d i f f e r e n t   h a r n e s s  

f i n i s h i n g   m o d u l e s   (68)  r e m o v a b l y   m o u n t e d   on  s a i d  

f r a m e   a s s e m b l y ,   s a i d   one  m o d u l e   h a v i n g   a  w i r e  

10  o p e r a t i o n   s t a t i o n   w h e r e a t   s e c o n d   ends   of   t he   w i r e s  

a r e   s i m u l t a n e o u s l y   f i n i s h e d   to  form  a  s e c o n d   f i n i s h e d  

h a r n e s s   e n d .  

7.  The  a p p a r a t u s   of  c l a i m   6  w h e r e i n :  

s a i d   w i r e   o p e r a t i o n   s t a t i o n   i n c l u d e s   o p p o s e d  

15  m o d u l e   p o r t i o n s   w i t h   a  gap  (98)   t h e r e b e t w e e n   f o r  

r e c e i v i n g   s a i d   s e c o n d   w i r e   e n d s ,   s a i d   o p p o s e d  

m o d u l e   p o r t i o n s   m o v e a b l e   t o w a r d   each   o t h e r   t o  

f i n i s h   t h e   s e c o n d   ends   of  t he   w i r e s ,   t h e r e b y   f o r m i n g  

t he   s e c o n d   f i n i s h e d   h a r n e s s   e n d ;   a n d  

20  s a i d   a p p a r a t u s   f u r t h e r   i n c l u d i n g   m o d u l e  

e l e v a t i n g   means  (9*0  fo r   e l e v a t i n g   at   l e a s t   o n e  

of  s a i d   m o d u l e   p o r t i o n s   t o w a r d   s a i d   s e c o n d   w i r e  

e n d s   to  f a c i l i t a t e   the   f i n i s h i n g   t h e r e o f .  

8.  The  a p p a r a t u s   of  c l a i m   7,  w h e r e i n  

25  s a i d   c o n n e c t o r   t r a n s p o r t   a s s e m b l y   i n c l u d e s  
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a  uui i i icu-Lur   n e s t   i o r   r e c e i v i n g   tne   c o n n e c t o r ,  

and  t he   w i r e   t e r m i n a t i o n   means   i n c l u d e s   p r o j e c t i n g  

means   f o r   e n g a g i n g   and  i n s e r t i n g   t h e   f i r s t   e n d s  

of   t h e   w i r e s   i n t o   t h e   t e r m i n a l s   of  t h e   c o n n e c t o r  

when  t h o s e   p r o j e c t i n g   m e a n s   a r e   a d v a n c e d   t o w a r d  

t h e   c o n n e c t o r   n e s t   a n d  

s a i d   c o n n e c t o r   n e s t   i s   m o u n t e d   f o r   m o v e m e n t  

to  a  p o s i t i o n   a d j a c e n t   s a i d   modu le   e l e v a t i n g   m e a n s ,  

and  is   e n g a g e d   t h e r e w i t h   f o r   movement   t o w a r d   s a i d  

f i r s t   w i r e   e n d s .  

9-  The  a p p a r a t u s   o f   c l a i m   7  or  8,  w h e r e i n  

one  of  s a i d   m o d u l e   p o r t i o n s   c o m p r i s e s   a  w i r e   s t r i p p i n g  

d i e   b l o c k   a n d  

the   o t h e r   m o d u l e   p o r t i o n   c o m p r i s e s   w i r e  

s t r i p p i n g   b l a d e s   m o v a b l e   t o w a r d   s a i d   w i r e   s t r i p p i n g  

d i e   b l o c k   f o r   c o o p e r a t i o n   t h e r e w i t h   to  s t r i p   t h e  

i n s u l a t i o n   from  t h e   s e c o n d   ends   of  s a i d   w i r e s .  

10.  The  a p p a r a t u s   of  c l a i m   7,  8  or  9,  w h e r e i n  

one  o f   s a i d   m o d u l e   p o r t i o n s   i n c l u d e s   a  c o n n e c t o r  

n e s t   f o r   r e c e i v i n g   a  s e c o n d   c o n n e c t o r   h a v i n g   a  

p l u r a l i t y   of  i n s u l a t i o n   d i s p l a c e m e n t   t e r m i n a l s ;  

s a i d   o t h e r   m o d u l e   p o r t i o n   c o m p r i s e s   s e c o n d  

w i r e   t e r m i n a t i o n   means   f o r   mass  t e r m i n a t i n g   t h e  

s e c o n d   end  of  t he   w i r e s   to   s a i d   s e c o n d   c o n n e c t o r  

to  form  t he   s e c o n d   f i n i s h e d   end  of  s a i d   h a r n e s s ;   a n d  
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means   f o r   l o a d i n g   s a i d   s e c o n o   c o n n e u u v r   u » u u  

a id   s e c o n d   c o n n e c t o r   n e s t .  

11.  The  a p p a r a t u s   of  any  of   c l a i m s   7  t o  

0,  w h e r e i n :  

s a i d   c o n n e c t o r   has   an  i n t e g r a l l y   f o r m e d  

o u s i n g   w i t h   o p p o s e d   t o p   and  b o t t o m   s u r f a c e s   e x t e n d i n g  

between  o p p o s e d   f o r w a r d   m a t i n g   and  r e a r w a r d   e n d  

f a l l s   and  a t   l e a s t   two  rows  of  a x i a l l y   e x t e n d i n g  

, e r m i n a l   r e c e i v i n g   c a v i t i e s ,   s a i d   rows  of   c a v i t i e s  

s t a c k e d   one  on  t o p   of  t he   o t h e r   in  a  s t a g g e r e d  

" a s h i o n   so  t h a t   t h e   c a v i t i e s   of   one  row  a r e   p o s i t i o n e d  

b e t w e e n   t h e   c a v i t i e s   of  t he   o t h e r   row,  e a c h   c a v i t y  

l a v i n g   an  u p w a r d l y   f a c i n g   w i r e - r e c e i v i n g   s l o t  

o p e n i n g   to  s a i d   t o p   h o u s i n g   s u r f a c e ,   so  t h a t   a l l  

of  s a i d   w i r e s   can  be  i n s e r t e d   f o r   t e r m i n a t i o n  

from  s a i d   t op   h o u s i n g   s u r f a c e ;  

s a i d   l o a d i n g   means   o p e r a b l e   to  l o a d   s a i d  

c o n n e c t o r   so  t h a t   s a i d   u p p e r   s u r f a c e   t h e r e o f   i s  

m a i n t a i n e d   in  an  u p w a r d l y   f a c i n g   d i r e c t i o n   d u r i n g  

t e r m i n a t i o n ;   a n d  

s a i d   w i r e   t e r m i n a t i o n   means   i s   o p e r a b l e  

to  t e r m i n a t e   a l l   of   s a i d   w i r e   f i r s t   ends   in  t e r m i n a l s  

of  r e s p e c t i v e   rows  of  s a i d   c o n n e c t o r ,   s i m u l t a n e o u s l y .  

12.  The  a p p a r a t u s   of  c l a i m   11,  w h e r e i n  

the   h o u s i n g   s i d e w a l l s   of  u p p e r   rows  a c t   as  w i r e  
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g u i a e s   to  a i d   in   t h e   p a s s a g e   of  w i r e s   to  l o w e r  

rows  f o r   t e r m i n a t i o n   t h e r e i n ,   such   t h a t   a l l   o f  

s a i d   w i r e   e n d s   can  be  i n s e r t e d   f o r   t e r m i n a t i o n  

f rom  s a i d   u p p e r   h o u s i n g   s u r f a c e ,  

5  s a i d   f i r s t   w i r e   ends   a r e   a r r a n g e d   in  a  common 

p l a n e ,   w i t h   e v e r y   o t h e r   w i r e   end  b e i n g   a l t e r n a t e l y  

t e r m i n a t e d   to  t e r m i n a l s   of  d i f f e r e n t   r o w s ,  

s a i d   c o n n e c t o r   t r a n s p o r t   a s s e m b l y   i n c l u d e s  

a  c o n n e c t e r   n e s t   f o r   r e c e i v i n g   the   c o n n e c t o r ,  

10  t h e   w i r e   t e r m i n a t i o n   means   i n c l u d e s   p r o j e c t i n g  

means   f o r   e n g a g i n g   and  i n s e r t i n g   the   f i r s t   e n d s  

of   t he   w i r e s   i n t o   t h e   c o n n e c t o r   t e r m i n a l s   w h e n  

t h o s e   p r o j e c t i n g   means   a r e   a d v a n c e d   t o w a r d   t h e  

c o n n e c t o r   n e s t   a n d  

15  s a i d   c o n n e c t o r   n e s t   i s   m o u n t e d   f o r   m o v e m e n t  

to  a  p o s i t i o n   a d j a c e n t   s a i d   m o d u l e   e l e v a t i n g   m e a n s ,  

and  i s   e n g a g e a b l e   t h e r e w i t h   f o r   movemen t   t o w a r d  

s a i d   f i r s t   w i r e   e n d s ,   to  c a u s e   the   c o n n e c t o r   i n  

s a i d   n e s t   to  bend  t he   w i r e s   to  be  t e r m i n a t e d   i n  

20  a  f i r s t   row  w i t h   a  p r e d e t e r m i n e d   upward   a n g u l a r  

d e f l e c t i o n   and ,   t he   w i r e s   to  be  t e r m i n a t e d   t o  

t h e   o t h e r   row  to  have   an  e q u a l   d o w n w a r d l y   d i r e c t e d  

a n g u l a r   d e f l e c t i o n .  

13-  The  a p p a r a t u s   of  c l a i m   11,  f u r t h e r  

25  c o m p r i s i n g  
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m e a n s   f o r   r o t a t i n g   s a i d   c o n n e c t o r   u p o n  

. e r m i n a t i o n   t h e r e o f ,   so  t h a t   t h e   f o r w a r d   m a t i n g  

:nd  t h e r e o f   i s   u p w a r d l y   d i r e c t e d ,   w i t h   t h e   w i r e s  

>f  s a i d   h a r n e s s   e x t e n d i n g   in   a  downward   d i r e c t i o n ,  

a  f i r s t   t r a n s p o r t   t r a c k ,   h a v i n g   a  s l o t t e d  

o p e n i n g   f o r   r e c e i v i n g   s a i d   w i r e s ,   and  s u r f a c e s  

for   s u p p o r t i n g   t h e   r e a r w a r d   end  w a l l   of   t h e   c o n n e c t o r   a n d  

m e a n s   f o r   t r a n s p o r t i n g   s a i d   h a r n e s s   to  a  

r e m o t e   s t a t i o n   by  s l i d i n g   s a i d   c o n n e c t o r   a l o n g  

s a i d   t r a c k .  

1*1.  The  a p p a r a t u s   of   c l a i m   13  w h e r e i n   s a i d  

c o n n e c t o r   rows  a r e   a t   l e a s t   p a r t i a l l y   j o i n e d   t o g e t h e r  

by  s e l e c t i v e l y   r e m o v a b l e   web  p o r t i o n s   to   f o r m  

a  p l u r a l i t y   of   commonly   j o i n e d   s e p a r a b l e   c o n n e c t o r  

m o d u l e s ,   e a c h   m o d u l e   i n c l u d i n g   at  l e a s t   one  u p p e r  

row  c a v i t y   and  at  l e a s t   one  l o w e r   row  c a v i t y ,  

and  t h e   r e m o t e   s t a t i o n   c o m p r i s e s   a  web  r e m o v i n g  

s t a t i o n ,   t h e   a p p a r a t u s   f u r t h e r   c o m p r i s i n g  

means   a t   t he   web  r e m o v i n g   s t a t i o n   f o r   s e l e c t i v e l y  

r e m o v i n g   a t   l e a s t   one  of  s a i d   webs  in  s a i d   a x i a l  

d i r e c t i o n   so  as  to  form  a  p l u r a l i t y   of   s a i d   c o n n e c t o r  

m o d u l e s ,   e a c h   c o n n e c t o r   m o d u l e   c o m p r i s i n g   a  s e p a r a t e  

c o n n e c t o r   t e r m i n a t e d   to  a  p r e d e t e r m i n e d   n u m b e r  

of   s a i d   w i r e s   so  as  to  form  a  s e p a r a t e   h a r n e s s  

t h e r e w i t h   . 
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a ^ y a i a u u i   ui  C4.aam  or  14,  s a i d  

c o n n e c t o r   f u r t h e r   i n c l u d i n g   a  p l u r a l i t y   of  l o c a t i n g  

p e g s   p r o j e c t i n g   f rom  s a i d   t op   and  b o t t o m   s u r f a c e s  

so  as  to  e x t e n d   b e y o n d   but   no t   o v e r l i e   s a i d   m a t i n g  

>  end  w a l l ,   and  t h e   r e m o t e   s t a t i o n   c o m p r i s e s   a  p e g  
r e m o v a l   s t a t i o n ,   t h e   a p p a r a t u s   f u r t h e r   c o m p r i s i n g  

means   a t   s a i d   peg  r e m o v a l   s t a t i o n   f o r   s e l e c t i v e l y  

r e m o v i n g   a t   l e a s t   one  of  s a i d   pegs   in  s a i d   a x i a l  

d i r e c t i o n ,   i m m e d i a t e l y   a d j a c e n t   one  of  s a i d   t o p  

10  and  b o t t o m   s u r f a c e s .  

16.  The  a p p a r a t u s   of  c l a i m   13,  14  or  15 

s a i d   c o n n e c t o r   f u r t h e r   i n c l u d i n g   a  p l u r a l i t y   o f  

a l i g n i n g   t a b s   e x t e n d i n g   from  s a i d   m a t i n g   end  w a l l  

to  form  a  c h a n n e l   e x t e n d i n g   a l o n g   s a i d   m a t i n g  

5  end  w a l l ,   a n d  

s a i d   t r a n s p o r t   t r a c k   i n c l u d e s   a  f i r s t   r a i l  

c o m p l e m e n t a r i l y   s h a p e d   w i t h   and  r e c e i v a b l e   i n  

s a i d   c h a n n e l ,   and  s e c o n d   and  t h i r d   s p a c e d - a p a r t  

r a i l   members   o p p o s i n g   s a i d   f i r s t   r a i l   e n g a g e a b l e  

'0  w i t h   s a i d   c o n n e c t o r   f o r   s u p p o r t i n g   s a i d   r e a r w a r d  

end  w a l l   t h e r e o f ,  

w h e r e b y   s a i d   c o n n e c t o r   is   s u p p o r t e d   by  s a i d  

t r a c k   to  p r e v e n t   r o c k i n g   movement   d u r i n g   t r a v e l  

t h e r e a l o n g .  
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