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©  Insulation-piercing  electric  connector  bonded  to  electric  conductor  and  a  method  of  terminating  a  flat  cable  with  said 
connector. 

An  electrical  wiring  device  comprising  an  insulated  flat 
cable  (2)  having  a  plurality  of  parallel  electrical  conductors  (3) 
disposed  in  a  plane  and  encased  in  a  flexible  insulation  (13) 
with  at  least  one  connector  assembly  (5)  permanently  atta- 
ched  for  plug-in  service  is  provided.  Also  provided  is  a 
method  of  making  the  device  in  which  insulation-piercing 
interconnecting  elements  (5)  are  passed  through  the  insula- 
tion  (4),  have  a  tight  bight  (6)  of  conductor  (3)  formed  outside 
the  insulation  (4)  and  are  permanently  bonded  to  tines  (9,  10) 
in  each  interconnecting  elements  (5).  and  the  associated  parts 
are  enclosed  in  a  dielectric  housing  (13,20). 





T e c h n i c a l   F i e l d  

T h i s   i n v e n t i o n   r e l a t e s   to  an  e l e c t r i c a l  

w i r i n g   d e v i c e   and  more   s p e c i f i c a l l y   to  a  w i r i n g  

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

e l e m e n t   b o n d e d   to  c o n d u c t o r .  

B a c k g r o u n d  

T h e r e   is  a  need   in   t h e   i n d u s t r y   f o r  

c o n n e c t o r   a s s e m b l i e s   to  m a i n t a i n   e l e c t r i c a l  

c o n t i n u i t y   unde r   e x t r e m e   s e r v i c e   c o n d i t i o n s   o f  

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

c o r r o s i o n   w i t h o u t   l o s s   of  i n t e g r i t y .   T h i s  

r e q u i r e m e n t ,   of  c o u r s e ,   i s   in  a d d i t i o n   to   o t h e r  

r e q u i r e m e n t s   such   as  e a s e   of  f a b r i c a t i o n ,   c o n v e n i e n t  

t e r m i n a t i o n ,   and  a d a p t a b i l i t y   to   a  v a r i e t y   o f  

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

I n s u l a t i o n   p i e r c i n g   t e r m i n a t i o n   i s   w e l l  

known  in   t h e   p r i o r   a r t .  

U n i t e d   S t a t e s   3 , 8 2 0 , 0 5 8 ,   i s s u e d   J u n e   2 5 ,  

1974  t o   L.  C.  F r i e n d ,   d i s c l o s e s   a  p i e r c e - t y p e  

c o n n e c t o r   fo r   a  r i b b o n   c a b l e   h a v i n g   a  body  a n d   a  p a i r  
of  c o n t a c t   t i n e s   e x t e n d i n g   f rom  the   body.   The  t i n e s  

d i v e r g e   l a t e r a l l y   f rom  each   o t h e r ,   have   i n s u l a t i o n  

p i e r c e   t i p s   at   t h e i r   f r e e   e n d s ,   and  i n c l u d e   c o n d u c t o r  

e n g a g i n g   c o r n e r s   d i v e r g i n g   o u t w a r d l y   f rom  the  b o d y .  

D u r i n g   t e r m i n a t i o n   the   c o r n e r s   e n g a g e   the   c o n d u c t o r  

t h e r e b y   c r e a t i n g   a  m e c h a n i c a l   c o n t a c t   b e t w e e n  

c o n n e c t o r   and  c o n d u c t o r ,   Such  an  a r r a n g e m e n t   m i g h t ,  

h o w e v e r ,   be  s u s c e p t i b l e   to   i n c r e a s i n g   c o n t a c t  

r e s i s t a n c e   d u r i n g   e x t r e m e   s e r v i c e   c o n d i t i o n s .  



U n i t e d   S t a t e s   3 , 8 7 8 , 6 0 3 ,   i s s u e d   A p r i l   2 2 ,  

1975  t o   L.  A.  J e n s e n ,   et  a l .   d i s c l o s e s   a  m e t h o d   f o r  

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

i n d i v i d u a l   i n s u l a t e d   c o n d u c t o r s   are  p l a c e d   i n t o   s l o t s  

of  a  c a b l e - r e t a i n i n g   member  and  e n g a g e d   by  

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

the  s i d e s   of  the   i n s u l a t i o n .   T h i s   type   o f  

c o n n e c t i o n ,   h o w e v e r ,   m i g h t   a l s o   s u f f e r   f rom  t h e  

d i s a d v a n t a g e   d e s c r i b e d   a b o v e .  

O t h e r   t y p e s   of  c o n n e c t o r   to  c o n d u c t o r  

c o n t a c t s   a r e   a l s o   k n o w n .  

U n i t e d   S t a t e s   3 , 6 1 5 , 2 8 3 ,   i s s u e d   O c t o b e r   2 6 ,  

1971  t o   D.  D.  L o n g ,   d i s c l o s e s   c o n d u c t o r s   w i t h  

l o o s e - f i t t i n g   i n s u l a t i n g   j a c k e t   which   a r e   f o r m e d   i n t o  

t e r m i n a l   l o o p s   t h r o u g h   a  p u n c h i n g   o p e r a t i o n .   T h e  

p u n c h i n g   p r o c e s s ,   p e r f o r m e d   by  a  punch   and  a  d i e ,  

c u t s   away  a  p o r t i o n   of  t h e   i n s u l a t i o n   and  i s   f o l l o w e d  

by  the   l o o p   f o r m a t i o n   w h i c h   i n v o l v e s   the  p u l l i n g   o f  

the   c o n d u c t o r   r e l a t i v e   to   i t s   own  i n s u l a t i o n .   T h e  

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

f o r m e d   w i t h   t h e m ,   h o w e v e r ,   a re   s u b j e c t   to   t h e   e f f e c t s  

of  the   e n v i r o n m e n t   and  the   d i s c l o s e d   p r o c e s s   i s  

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

l o o s e - f i t t i n g   i n s u l a t i n g   j a c k e t s .   A  s i m i l a r   p r o c e s s  
is  d i s c l o s e d   in   U n i t e d   S t a t e s   3 , 6 3 6 , 9 9 1 ,   i s s u e d  

J a n u a r y   25 ,   1972  t o   A.  D.  W e b s t e r .  

U n i t e d   S t a t e s   7 8 2 , 3 9 1 ,   i s s u e d   F e b r u a r y   1 4 ,  

1905,   to   A.  P.  H a n s o n ,   d i s c l o s e s   c a b l e   c o n d u c t o r s  

whose   i n s u l a t i n g   l a y e r   is   p e r f o r a t e d   or  c u t   away  a t  

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

The  c o n n e c t i o n   i s   s a i d   to  be  by  c o n t a c t   or  bv  m e a n s  
of  a  d r o p   of  s o l d e r   t h r o u g h   the   gaps  of  t h e  

i n s u l a t i n g   l a y e r .  



U n i t e d   S t a t e s   3 , 7 7 2 , 7 7 5 ,   i s s u e d   N o v e m b e r   2 0 ,  

1973  t o   H.  R.  B o n n k e ,   et  a l . ,   d i s c l o s e s   a  m e t h o d   f o r  

c o n n e c t i n g   t e r m i n a l s   on  a  p r i n t e d   c i r c u i t   b o a r d   to   a  

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

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

i n t o   a  s p r i n g   c l i p   t h e r e b y   f o r c i n g   the   e x p o s e d  

c o n d u c t o r   in   t he   s t a n d i n g   p a r t s   of  the  b i g h t   s o  

f o r m e d   i n t o   c o n t a c t   w i t h   t h e   t e r m i n a l s   of  t he   b o a r d .  

C o n t a c t s   so  f o r m e d ,   h o w e v e r ,   m i g h t   become  l o o s e n e d   b y  

v i b r a t i o n   d u r i n g   u s e .  

L a s e r   beam  w e l d i n g   (LBW)  has  been   a p p l i e d   t o  

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

" L a s e r s   in  M e t a l w o r k i n g " ,   A m e r i c a n   M a c h i n i s t   S p e c i a l  

R e p o r t   No.  679 ,   J u l y   1,  1 9 7 5 ,   and  " W e l d i n g " ,   A m e r i c a n  

M a c h i n i s t   S p e c i a l   R e p o r t   No.  698,  S e p t e m b e r ,   1 9 7 7 .  

See  a l s o ,   U n i t e d   S t a t e s   3 , 5 3 4 , 4 6 2 ,   i s s u e d   O c t o b e r   2 0 ,  

1970  to   D.  G.  C r u i c k s h a n k ,   e t   a l . ,   d i s c l o s i n g   a  
m e t h o d   for   b o n d i n g   a  p l u r a l i t y   of  l e a d s   to  a  

w o r k p i e c e   u t i l i z i n g   l a s e r   beams  s h a p e d   i n t o   a  

p r e d e t e r m i n e d   p a t t e r n ;   U n i t e d   S t a t e s   3 , 7 1 8 , 9 6 8 ,  

i s s u e d   March   6 ,  1 9 7 3 ,   t o   S.  D.  S i m s ,   et   a l . ,  

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

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

d e f o r m i n g   t h e   w i r e ;   and  U n i t e d   S t a t e s   3 , 6 1 0 , 8 7 4 ,  

i s s u e d   O c t o b e r   5,  1 9 7 1 ,   t o  F .   P.  G a g l i a n o ,   d i s c l o s i n g  

a  m e t h o d   of  b o n d i n g   a  c o n d u c t i v e   m e t a l   t a b   to  a  m e t a l  

c o n d u c t o r   w i r e   t h r o u g h   l a s e r   beam  w e l d i n g   by  

p o s i t i o n i n g   t a b   and  w i r e   so  t h a t   t he   a x i s   of  t h e  

l a s e r   beam,  a p p l i e d   v e r t i c a l l y   d o w n w a r d ,   f o r m s   a n  .  

a n g l e   of  b e t w e e n   30°  to   50°  w i t h   r e s p e c t   to  t h e  

t a b   s u r f a c e s ,   and  is  d i r e c t e d   at  a  p o s i t i o n   on  t h e  

t a b   d i s p l a c e d   f rom  the  c o n d u c t o r .  



D i s c l o s u r e   of   the   I n v e n t i o n  

An  e l e c t r i c a l   c o n n e c t i o n   c o m p r i s i n g   a  

t e r m i n a l   h a v i n g   t i n e s   on  one  end  and  an  e l e c t r i c a l  

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

t e r m i n a t i n g   in  a  b a s e ;   an  i n s u l a t e d   e l e c t r i c a l  

c o n d u c t o r   in  s a i d   s l o t   h a v i n g   a  p o r t i o n   b e n t   back   o n  

i t s e l f   f o r m i n g   a  b i g h t   o v e r   the   b a s e   of  s a i d   s l o t  

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

one  c o n d u c t o r   t h i c k n e s s   h i g h ,   s a i d   c o n d u c t o r   b e i n g  

e x p o s e d   a t   the   apex   of  s a i d   b i g h t ;   s a i d   one   end  o f  

s a i d   t e r m i n a l   and  the   e x p o s e d   apex   of  s a i d   b i g h t  

b e i n g   p e r m a n e n t l y   b o n d e d   to   form  an  e l e c t r i c a l  

c o n n e c t i o n ;   and  a  d i e l e c t r i c   body  s u r r o u n d i n g   s a i d  

c o n n e c t i o n ,   s a i d   body  h a v i n g   an  o p t i o n a l   o p e n i n g  

l e a d i n g   t o   s a i d   b i g h t   and  h a v i n d   an  o p e n i n g   l e a d i n g  

to  s a i d   e l e c t r i c a l   c o n t a c t   at  the   o t h e r   end  of  s a i d  

t e r m i n a l .  

A l s o ,   an  e l e c t r i c a l   c o n n e c t o r   c o m p r i s i n g  

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

e l e c t r i c a l   c o n d u c t o r s   e n c a s e d   in   a  u n i f o r m  

t i g h t - f i t t i n g   i n s u l a t i o n ;   at  l e a s t   one  c o n n e c t o r  

a s s e m b l y   in   e l e c t r i c a l   a t t a c h m e n t   to   the   c a b l e ,   t h e  

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

c o v e r   a t t a c h e d   to   each  o t h e r   and  i n t e r c o n n e c t i n g  

e l e m e n t s   m o u n t e d   in  s a i d   f o u n d a t i o n   in   l i n e   a r r a y ,  

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

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

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

and  s e c o n d   e n d s ,   t h e   f i r s t   end  f o r m e d   as  a n  
i n s u l a t i o n   p i e r c i n g   f o r k e d   c o n t a c t   and  the   s e c o n d   e n d  

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

s e r v i c e ;   the   f o r k e d   end  or  t i n e s   d i s p o s e d   in   at  l e a s t  

one  p l a n e   n o r m a l   to   t h e   f l a t   c a b l e ;   and  t h e  



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

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

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

e l e c t r i c a l   c o n t a c t   w i t h   s a i d   f i r s t   end ,   t he   apex   o f  

the   b i g h t   b e i n g   d i s p o s e d   b e t w e e n   t i n e s   of  t h e  

i n s u l a t i o n   p i e r c i n g   end  and  o v e r   t h e   b a s e   of  a  s l o t  

t h e r e b e t w e e n .  

The  m e t h o d   of  m a k i n g   t he   c o n n e c t o r   i n v o l v e s  

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

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

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

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

the   c a b l e   r e l a t i v e   to   t h e   i n t e r c o n n e c t i n g   e l e m e n t s   s o  

t h a t   a  l i m i t e d   l e n g t h   of  each   of  the   b o t t o m e d  

c o n d u c t o r s   in   the   c a b l e   is  o u t s i d e   t h e   i n s u l a t i o n  

c a u s i n g   t he   d i s p l a c e d   c o n d u c t o r s   to  be  ben t   hack  o n  

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

c o n d u c t o r   t h i c k n e s s   h igh   and  t he   apex   of  the  l o o p   i s  

a  b i g h t   o v e r   t he   b o t t o m   of  t h e   s l o t   in   t h e  

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

b i g h t   to   t h e   i n t e r c o n n e c t i n g   e l e m e n t   by  a  l a s e r   b e a m  

or  o t h e r   a p p r o p r i a t e   b o n d i n g   t e c h n i q u e   and  c o v e r i n g  

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

h o u s i n g   to   form  an  i n s u l a t e d   c o n n e c t o r   s u i t a b l e   f o r  

p l u g   in   s e r v i c e .  

B r i e f   D e s c r i p t i o n   of  t h e   D r a w i n g s  

FIG.   1  is  a  p e r s p e c t i v e   v i ew   in  p a r t i a l  

c r o s s - s e c t i o n   of  a  c o n n e c t o r   a c c o r d i n g   to   t h i s  

i n v e n t i o n   shown  p r i o r   to   f o r m i n g   t he   p e r m a n e n t   b o n d .  

FIG.   2  i s   a  p e r s p e c t i v e   view  of  a  s i n g l e  

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

in  t he   c o n n e c t o r   of  FIG.  1 .  



FIG.  3  is   an  e n l a r g e d   c r o s s - s e c t i o n a l   v i e w  

s h o w i n g   a  j u n c t i o n   of  c o n d u c t o r   and  i n t e r c o n n e c t i n g  

e l e m e n t   w i t h i n   t h e   c o n n e c t o r   of   FIG.  1 .  

F IG.   4  i s   an  e n l a r g e d   p a r t i a l   e l e v a t i o n a l  

view  of  t h e   i n s u l a t i o n - p i e r c i n g   t i p   of  t h e   e l e m e n t   o f  

FIG.  2  s h o w i n g   a  s t r a n d e d   c o n d u c t o r   in   a s s o c i a t i o n  

t h e r e w i t h .  

F IG.   5  i s   a  p e r s p e c t i v e   view  in   p a r t i a l  

c r o s s - s e c t i o n   of  an  a l t e r n a t e   c o n n e c t o r   a c c o r d i n g   t o  

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

t h e   f e m a l e   c o n t a c t s   t h a n   t h a t   a  FIG.  1,  shown  p r i o r  

to  f o r m i n g   t h e   p e r m a n e n t   b o n d .  

FIG.   6  i s   a  p e r s p e c t i v e   v iew  in  p a r t i a l  

c r o s s - s e c t i o n   s h o w i n g   s t i l l   a n o t h e r   a l t e r n a t e  

c o n n e c t o r   w i t h   a  f u r t h e r   c o n f i g u r a t i o n   of  t h e   f e m a l e  

c o n t a c t s   of  the   i n t e r c o n n e c t i n g   e l e m e n t s ,   shown   p r i o r  

to   f o r m i n g   t h e   p e r m a n e n t   b o n d .  

FIGS.   7,  8,  9,  10  and  11  a r e   p r o g r e s s i v e  

s t e p s   in   t h e   m a k i n g   of  a  c o n n e c t o r   of  t h i s   i n v e n t i o n .  

F IG.   12  i s   a  c r o s s - s e c t i o n   of  a  p r e f e r r e d  

c r i m p i n g   s t e p   in   t h e   m a k i n g   of  a  c o n n e c t o r   of  t h i s  

i n v e n t i o n .   Y 

F IG.   13  i s   a  p e r s p e c t i v e   view  in  p a r t i a l  
c r o s s - s e c t i o n   of  an  i n s e r t i o n   t o o l   u s e f u l   in   m a k i n g  
the   c o n n e c t o r .  

F IG .   14  i s   a  c o n s i d e r a b l y   e n l a r g e d  

c r o s s - s e c t i o n a l   view  of  a  c r i m p i n g   t o o l ,   u s e f u l   i n  

p e r f o r m i n g   t h e   p r e f e r r e d   s t e p   of  FIG.  12,   i n  

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

FIG.   15  i s   a  c r o s s - s e c t i o n a l   view  of  the  c a p  
or  c o v e r   of  t h e   c o n n e c t o r   t a k e n   on  l i n e   XV-XV  of   F I G .  

1  and  shows   a  k n i f e - e d g e   s t r u c t u r e   u s e f u l   f o r  

c o n n e c t o r s   l o c a t e d   at  an  end  of  t h e   f l a t   c a b l e .  



FIG.   16  i s   a  c r o s s - s e c t i o n a l   v iew  of  an  

a l t e r n a t e   form  of  t h e   cap  of   FIG.  15  u s e f u l   f o r  

c o n n e c t o r s   i n s t a l l e d   at   a  d i s t a n c e   f rom  the  ends   of  a  

f l a t   c a b l e .  

FIG.  17  i s   a  c r o s s - s e c t i o n a l   v iew  of  a n  

a l t e r n a t e   cap   to   t he   c a p s   shown  in  F IGS.   15  and  1 6 .  

FIG,   18  i s   a  p e r s p e c t i v e   view  of  t h e  

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

t i n e s   in   p l a c e   and  the   c o n d u c t o r   b e n t   ove r   the   b a s e  

of  t he   t i n e s .   The  l a s e r   w e l d i n g   s t e p   and  p e r m a n e n t  

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

t h e   t i n e s .  

FIG.  19  i s   a  c r o s s - s e c t i o n   of  an  e d g e c a r d  

r e c e p t a c l e   c o n t a c t   at  one  end  of  a  p a i r   o f  

i n t e r c o n n e c t i v e   e l e m e n t s   and  a  p a i r   of  t i n e s   on  t h e  

o t h e r   end  of  e a c h   e l e m e n t   e n g a g i n g   an  e x p o s e d  

c o n d u c t o r .  

F I G .   20  i s   a  p e r s p e c t i v e   of  an  a l t e r n a t i v e  

i n t e r c o n n e c t i v e   e l e m e n t   h a v i n g   at  one  end  a  ma le   p i n .  

D e s c r i p t i o n   of  the   I n v e n t i o n .  

The  e l e c t r i c a l   c o n n e c t i o n   of  t h i s   i n v e n t i o n  

is  f o r m e d   b e t w e e n   an  e l e c t r i c a l   c o n d u c t o r  

e n c a p s u l a t e d   in  an  i n s u l a t i o n   and  a  f o r k e d   t e r m i n a l  

h a v i n g   t i n e s   on  one  ( the   f o r k e d )   end  and  a n  

e l e c t r i c a l   c o n t a c t   on  t h e   o t h e r   end .   The  c o n d u c t o r  

i s   f o r m e d   i n t o   a  b i g h t   over   the   b a s e   of  a  s l o t  

d e f i n e d   by  t h e   t i n e s .   The  c o n d u c t o r   is   e x p o s e d   a t  

the  apex  of  the  b i g h t   and  t h e r e   i s   a  p e r m a n e n t   b o n d  

b e t w e e n   t h e   t e r m i n a l   at  or  n e a r   i t s   f o r k e d   end  a n d  

the  c o n d u c t o r   at  or  nea r   i t s   a p e x .  
The  bond  is  a  m e t a l l u r g i c a l   bond  s u c h   a s  a  

weld  made  by  l a s e r   w e l d i n g .   M e c h a n i c a l   c r i m p i n g   o f  

t h e   t i n e s   p r i o r   to   w e l d i n g   is  p r e f e r r e d .  



C o n n e c t o r   1  of  t h i s   i n v e n t i o n   i s   shown  i n  

F IG:   1  in  a s s e m b l e d   fo rm  t e r m i n a t i n g   f l a t   c a b l e   2 

wh ich   i s   c o m p r i s e d   of  a  p l u r a l i t y   of  c o n d u c t o r s   3 .  

T h e s e   a r e   e n c a p s u l a t e d   in  i n s u l a t i o n   4  w h i c h  

o r d i n a r i l y   has   the   r i d g e   and  f u r r o w   e x t e r n a l  

c o n f i g u r a t i o n   shown  and  can  be  e x t r u d e d   or  l a m i n a t e d  

i n t o   a  u n i t a r y   s t r u c t u r e   w i t h   t he   i n s u l a t i o n   4  b o n d e d  

to   or  in   t i g h t   r e l a t i o n s h i p   w i t h   c o n d u c t o r s   3 .  

The  i n s u l a t i o n   4  can  be  made  f rom  any  of  a  

v a r i e t y   of  e l a s t o m e r i c   or  p o l y m e r i c   m a t e r i a l s .   F o r  

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

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

" T e f l o n "   f l u o r o c a r b o n   r e s i n   ( r e g i s t e r e d   t r a d e m a r k   o f  

E.  I.  du  P o n t   de  N e m o u r s   and  Company)   can  a l s o   b e  

u t i l i z e d .  

P r e f e r r e d   c o n d u c t o r s   3  a r e   s t r a n d e d   a n d  

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

26 -32   g a g e   ( A . W . G . ) .   H o w e v e r ,   any   c o n d u c t i v e  

m a t e r i a l   of  any  d e s i r e d   and  f u n c t i o n a l   gage   can  b e  

u s e d   and  t h e   a r t i c l e   of  m a n u f a c t u r e   of  the  i n v e n t i o n  

is  a d a p t a b l e   t o   s o l i d   c o n d u c t o r s   as  w e l l .  

A  m o s t   p r e f e r r e d   c o n d u c t o r   i s   28  A.W.G.  ( 7  

s t r a n d s   A.W.G.  36)  m a n u f a c t u r e d   by  E r n s t   U.  E n g b r i n g  

&  C o . ,   s t y l e   No.  2 6 5 1 ,   FR1,  105°C  h a v i n g   a  

c o n d u c t o r   s p a c i n g   on  . 0 5 0   c e n t e r s .  

Each   c o n d u c t o r   3  i s   i n   e l e c t r i c a l   c o n t a c t  

w i t h   an  i n s u l a t i o n - p i e r c i n g   i n t e r c o n n e c t i n g   e l e m e n t   5 

wh ich   i s   an  e l o n g a t e d   b l a d e - l i k e   m e t a l   member  a n d  

w h i c h   t r a n s f i x e s   i n s u l a t i o n   4  on  e i t h e r   s i d e   of  a  

c o n d u c t o r   3.  The  w i d t h   of  the  b l a d e   in   t h e   p l a n e   o f  

f l a t   c a b l e   2  is   a p p r o x i m a t e l y   t h e   same  as  or  s l i g h t l y  

l a r g e r   t h a n   t he   s p a c i n g   b e t w e e n   c o n d u c t o r s   3.  S e e  

FIG.   1 8 .  



A  s i n g l e   such   e l e m e n t ,   known  as  the  " s i n g l e  

beam"  t y p e ,   is   shown  in   FIG.  2.  I t   has  one  l eg   8 

a v a i l a b l e   fo r   c o n t a c t   w i t h   a  p l u g - i n   ma le   u n i t   ( n o t  

s h o w n ) .   The  b l a d e - l i k e   s h a p e   has  s h o u l d e r s   3°  w h i c h  

s e a t   in  tne  b o t t o m   of  T - s l o t s ,   no t   shown ,   i n  

f o u n d a t i o n   in  13  of  c o n n e c t o r   1.  To  p r o v i d e   a n  

i n t e r c o n n e c t i n g   e l e m e n t   5  f o r   each  c o n d u c t o r   3,  t h e  

e l e m e n t s   5  a r e   in   s t a g g e r e d   l i n e   a r r a y ,   t h u s  

a c c o m m o d a t i n g   the   w i d t h   of  e l e m e n t   5  as  can  be  s e e n  

in  FIG.  1.  E l e m e n t s   5  a re   p r e f e r a b l y   f a b r i c a t e d   f r o m  

c u p r o - n i c k e l ,   a  c o p p e r / n i c k e l / t i n   a l l o y   ( such   a s  

8 9 / 9 / 2 ,   by  w e i g h t )   w i t h ,   t y p i c a l l y ,   30  m i c r o   i n c h  

( 0 . 7 5   m i c r o m e t e r )   g o l d   in  c o n t a c t   a r e a   138.   Any  

o t h e r   common  c o n n e c t o r   m a t e r i a l   or  p l a t i n g   can  be  

e m p l o y e d .  

R e f e r r i n g   to   FIG.   3,  e a c h   c o n d u c t o r   3  p a s s e s  
ou t   of  i n s u l a t i o n   4  in  c l o s e   p r o x i m i t y   to   t h e   s i d e   o f  

e l e m e n t   5  and  f o r m s   a  t i g h t   b i g h t   6  p a s s i n g   t h r o u g h  

and  b o t t o m e d   in  s l o t   7  in  e l e m e n t   5  and  is  e x t e r n a l  

to   the  i n s u l a t i o n   ( e x c e p t   t h a t   a  s m a l l   p i e c e   o f  

i n s u l a t i o n   may  be  p r e s e n t   u n d e r   the   b i g h t .   I f  

p r e s e n t   i t   w i l l   c u s h i o n   the   c o n d u c t o r   4  a g a i n s t   t h e  

b a s e   of  s l o t   7) .   The  c o n d u c t o r   3  t h e n   r e t u r n s   i n  

c l o s e   p r o x i m i t y   to  the   o t h e r   s i d e   of  e l e m e n t   5  i n t o  

i n s u l a t i o n   4 .  

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

b e t w e e n   i n t e r c o n n e c t i n g   e l e m e n t   5  a n d   c o n d u c t o r   3  i n  

the   above  c o n f i g u r a t i o n   ( see   a l s o   F I G .  4 ) ,   f o r   t h e  

p u r p o s e   of  i n s u r i n g   good  and  c o n t i n u e d   e l e c t r i c a l  

c o n t a c t   d u r i n g   e x t e n d e d   s e r v i c e   w i t h   s u p e r i o r  

r e s i s t a n c e   to  v i b r a t i o n   and  c o r r o s i o n ,   each   b i g h t   6 

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

i n t e r c o n n e c t i n g   e l e m e n t   5.  B o n d i n g   t e c h n i q u e s  



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

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

w e l d i n g ,   e l e c t r o n   beam  and  l a s e r   w e l d i n g .  

P r e f e r a b l y ,   l a s e r   w e l d i n g ,   p r e c e d e d   by  s q u e e z i n g   o f  

the  t i n e s   as  w i l l   be  d i s c u s s e d   in  g r e a t e r   d e t a i l  

b e l o w ,   is   t h e   b o n d i n g   m e t h o d   u t i l i z e d .   I t   s h o u l d   b e  

n o t e d   t h a t   the   c o n f i g u r a t i o n   of  b i g h t s   6  and  e l e m e n t s  

5,  e x t e n d i n g   n o r m a l   to  and  e x t e r n a l   of  t he   p l a n e   o f  

f l a t   c a b l e   2,  i s   p a r t i c u l a r l y   a m e n a b l e   to  a  v a r i e t y  

of  b o n d i n g   t e c h n i q u e s   b e c a u s e   t h e   j u n c t i o n   i s  

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

s i d e s   as  w e l l   as  f rom  a b o v e .  

E l e m e n t   5  i s   f u r t h e r   c h a r a c t e r i z e d   by  b e i n g  

f o r k e d ,   h a v i n g   two  i n s u l a t i o n - p i e r c i n g   t i n e s   or  t i p s  

9  and  10  d i s p o s e d   on  e i t h e r   s i d e   of  s l o t   7.  T h e  

p r e f e r r e d   t i p s   a re   a r r o w h e a d - l i k e   in   form  w i t h   t h e  

i n n e r   s u r f a c e s   of  the  a r r o w h e a d s   f o r m i n g   a  t h r o a t   1 1  

wh ich   is   p r o p o r t i o n e d   to  be  s l i g h t l y   s m a l l e r   t h a n   t h e  

o r i g i n a l   d i a m e t e r   of  a  c o n d u c t o r   3  and  s m a l l e r   t h a n  

the   g r e a t e s t   e x t e n t   of  the   b a s e   of  s l o t   7 .  

In   t he   r e g i o n s   where   e l e m e n t s   5  t r a n s f i x  

i n s u l a t i o n   4,  t h e   i n s u l a t i o n   i s   s o m e w h a t   b u n c h e d   o r  

c o m p r e s s e d   as  s u g g e s t e d   at  32  and  33.  I n d e e d   t h i s  

c o m p r e s s i o n   is   s u c h   t h a t   if  t h e   t e r m i n a t i o n   i s  

c a r r i e d   o u t   in   c l o s e   p r o x i m i t y   to   an  end  of  f l a t  

c a b l e   2,  t h e   g r i p   b e t w e e n   i n s u l a t i o n   4  and  c o n d u c t o r s  

3  i s   b r o k e n   and  i n s u l a t i o n   4  i s   t h e r e b y   d i s p l a c e d  

r e l a t i v e   to  c o n d u c t o r s   3  s u c h   t h a t   c o n d u c t o r   e n d s   1 4  

a re   r e t r a c t e d   f rom  the  end  of  i n s u l a t i o n   15.  Ends  o f  

c o n d u c t o r s   14  do  not  e x t e n d   o u t s i d e   t he   end  o f  

i n s u l a t i o n   15  p r o t e c t i n g   the   c o n d u c t o r s   3  f r o m  

u n w a n t e d   e l e c t r i c a l   c o n t a c t s .   H o w e v e r ,   i f  

t e r m i n a t i o n   i s   done  at  a  d i s t a n c e   f rom  the  ends   o f  



f l a t   c a b l e   2,  o f t e n   c a l l e d   " d a i s y   c h a i n i n g "  

s u b s t a n t i a l l y   no  s u c h   end  d i s p l a c e m e n t   o c c u r s   ( s e e  

FIG.  1 1 ) ,   r e l a t i v e   m o t i o n   b e t w e e n   c o n d u c t o r   a n d  

i n s u l a t i o n   o c c u r i n g   o n l y   in   the   v i c i n i t y   of  the  b i g h t  

f o r m a t i o n .  

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

5  a re   m o u n t e d   in  f o u n d a t i o n   13  of  c o n n e c t o r   1  ( s e e  

FIG.  1 ) .   A  p r e f e r r e d   mode  of  a c c o m p l i s h i n g   t h i s   i s  

by  m e c h a n i c a l   i n s e r t i o n .   Tabs   23  h e l p   l o c k   e l e m e n t s  

5  in  p l a c e   a g a i n s t   the   w a l l .   U l t r a s o n i c   i n s e r t i o n  

and  i n s e r t   m o l d i n g   a re   a l t e r n a t i v e   but   l e s s - p r e f e r r e d  

a s s e m b l y   m o d e s .  

E l e m e n t s   5  a r e   d i s p o s e d   w i t h i n   f o u n d a t i o n   1  3 

so  t h a t   t i p s   9  a n d   10  e x t e n d   above   u p p e r   s u r f a c e   1 6  

of  f o u n d a t i o n   13  and  l e g s   8  e x t e n d   i n t o   c a v i t i e s   1 7 .  

As  shown  by  FIG.  3,  c a v i t i e s   17  a re   open  to  t h e  

o u t s i d e   t h r o u g h   a p e r t u r e s   18,  a  s e r i e s   of  s u i t a b l y  

a l i g n e d   h o l e s   w i t h   e x t e r n a l   i n w a r d - d i r e c t i n g   t a p e r e d  
s u r f a c e s   19.  to  f a c i l i t a t e   p l u g g i n g   in  m a l e  

c o n n e c t i n g   d e v i c e s   (not   s h o w n ) ,   T h u s ,  e a c h   leg  8 

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

s i n g l e   beam  leg  8,  c a v i t y   1   is  p r e f e r a b l y   p r o v i d e d  

wi th   a  w a l l   38  s h a p e d   to  s u p p o r t   the  male   p in   to  be  

i n s e r t e d .   F o u n d a t i o n   18  can  be  m o l d e d   from  a n y  
s u i t a b l e   r e i n f o r c e d   p l a s t i c s   such   as  g l a s s - f i l l e d  

p o l y e s t e r   or  p o l y c a r b o n a t e .  

R e f e r r i n g   a g a i n   to   FIG.  1,  the   c o n n e c t o r   1 

has  a  cove r   or  cap  20  w h i c h   is  a t t a c h e d   bv  s u i t a b l e  

means  to  f o u n d a t i o n   1 3   Can  20,  m o l d e d   from  a n y  
s u i t a b l e   p l a s t i c ,   has  a  s e r i e s   of  h o l e s   21  e a c h  

a l i g n e d   to  r e c e i v e   the   ends   of  an  i n t e r c o n n e c t i n g  

e l e m e n t   5  in  an  i n t e r f e r e n c e   f i t   w i th   the  b r e a d t h  o f  

the  e l e m e n t .   P r e f e r a b l y ,   the  i n s e r t i o n   of  t h e  



i n s u l a t i o n - p i e r c i n g   ends  of  e l e m e n t s   5,  c a r r y i n g   t h e  

t i g h t   b i g h t s   of  c o n d u c t o r s   3,  i n t o   h o l e s   21  of  cap  20 

is   c a r r i e d   o u t   u l t r a s o n i c a l l y   as  w i l l   be  d i s c u s s e d  

f u r t h e r   b e l o w .   T h i s   t e c h n i q u e   bonds   cap   20  b o t h   t o  

e l e m e n t s   5  e n c a s e d   in   f o u n d a t i o n   1 3  a n d   to   f o u n d a t i o n  

13  on  the   e n d s .  

FIG.  15  shows  cap  20  in  t he   fo rm  used   f o r  

t e r m i n a t i o n   n e a r   t h e   end  of  f l a t   c a b l e   2,  h a v i n g  

i n t e r n a l   e d g e s  3 6   and  e x t e r n a l   r o u n d e d   edge   40.  C a p  

20  can  a l s o   f u n c t i o n   to  cu t   and  d e t a c h   t h e   ends   o f  

i n s u l a t i o n   4  w i t h   k n i f e   edge  134  when  t he   i n s u l a t i o n  

e x t e n d s   b e y o n d   t h e   ends   of  c o n d u c t o r s   3  and  b e y o n d  

the   o u t s i d e   edge   of  f o u n d a t i o n   13.  Cap  20  and  k n i f e  

e d g e   134  e l e c t r i c a l l y   i n s u l a t e   the   c u t   w i r e   ends   f r o m  

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

d u r i n g   s e r v i c e .   The  c o n n e c t o r s   shown  in   FIGS.   1,  5 

and  6  a r e   shown  w i t h   cap  2 0 .  

F I G .  1 6   shows  cap  20'  in  t h e   form  u sed   f o r  

d a i s y   c h a i n i n g ,   i . e . ,   w h e r e   c a b l e   2  c o n t i u e s   b e y o n d  

cap  20'  in  b o t h   d i r e c t i o n s .   Cap  20'   h a s  i n t e r n a l  

e d g e s   36  and  27.  I t   may  a l s o   be  used   f o r   e n d  

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

T h i s   w i r i n g   d e v i c e   is   a  s t r u c t u r e   in  w h i c h  

e a c h   e l e m e n t   5  and  i t s   c o n t a c t i n g   b i g h t   6,  p r e f e r a b l y  
b o n d e d   to   each   o t h e r ,   i s   p e r m a n e n t l y   a s s e m b l e d   and  i s  

s u b s t a n t i a l l y   e n c a p s u l a t e d   w i t h i n   cap  2 0 .  

F u r t h e r m o r e ,   s t r a i n   r e l i e f   of  the  b o n d e d   j u n c t i o n s   i s  

a c h i e v e d .   T h u s ,   when  a  s t r a i n   is  p l a c e d   upon  c a b l e  ?  

and  t r a n s m i t t e d   to   c o n n e c t o r   1  at  i t s   e n d ,   t he   s t r a i n  

is  r e l i e v e d   w h e r e   c o n d u c t o r s   3  are   b e n t   o v e r   i n t e r n a l  

e d g e s   36.  For  a  d a i s y   c h a i n   t e r m i n a t i o n ,   s t r a i n   i n  

b o t h   d i r e c t i o n s   is  a c c o m m o d a t e d   by  e d g e s   36  and  3 7  

( see   FIG.   1 6 ) .  



i t  i s   p r e f e r r e d   t o  u t i l i z e   t i p - r e c e i v i n g  

h o l e s   21  in  cap  20  w h i c h   a r e   o p e n   e n d e d ,   as  shown  i n  

FIGS.  15  and  16.  T h i s   type   cf  c o n s t r u c t i o n   p e r m i t s  

i n s e r t i o n   of  t e s t   p r o b e s   to  c h e c k   e l e c t r i c a l  

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

w i r i n g   d e v i c e .   H o w e v e r ,   i n t e r n a l   h o l e s   or  i n t e r n a l  

c a v i t i e s   c l o s e d   to   the   o u t s i d e   can  a l s o   be  e m p l o y e d  

as  shown  in  FIG.  17  w h e r e   web  41  i s   m o l d e d   i n t o   t h e  

s t r u c t u r e .  

The  s i n g l e   beam  c o n s t r u c t i o n   of  e l e m e n t s   5 

in  FIGS.  1  t h r o u g h   3  is  a  s t a n d a r d   c o n f i g u r a t i o n .  

The  i n t e r c o n n e c t i n g   e l e m e n t   of  t h i s   i n v e n t i o n ,  

h o w e v e r ,   can  be  used   w i t h   any  t y p e   cf  m a l e   or  f e m a l e  

i n t e r c o n n e c t i o n s   as  has  been  s t a t e d   a b o v e .   FIG.  5 

d e p i c t s   i n t e r c o n n e c t i n g   e l e m e n t s   5'  f o r m e d   w i th   two  

l e g s   8'  and  8";  a  c o n s t r u c t i o n   known  in  the  a r t   as  a 

" d u a l   beam".   E l e m e n t s   5'  a r e   s i m i l a r   to  e l e m e n t s   5 

of  FIG.  1  e x c e p t   in  the  f o r m a t i o n   of  the  f e m a l e  

c o n t a c t   by  l e g s   8'  and  8".   S i m i l a r l y ,   f o u n d a t i o n   1 3 '  

i s   s i m i l a r   to   f o u n d a t i o n   13  e x c e p t   in  the  shape   o f  

c a v i t y   17'  w h i c h   does   not  r e q u i r e   t h e   same  s h a p e d  

w a l l   38  of  c a v i t y   17.  C a v i t y   17 '   has  r e l i e v e d   s h a p e d  

w a l l   3 8 ' .  

FIG.  6  s i m i l a r l y   shows  i n s u l a t i o n - p i e r c i n g  

i n t e r c o n n e c t i n g   e l e m e n t s   5" ,   s i m i l a r   to  e l e m e n t s   5  o f  

FIG.  1  and  5'  of  FIG.  5  e x c e p t   in  r e g a r d   to   t h e  

c o n f i g u r a t i o n   f o r m i n g   t h e   f e m a l e   c o n t a c t s .   H e r e  

c o n t a c t   r e c e p t a c l e s   22  a r e   shown.   T h e s e   are   of  t h e  

t y p e   known  as  MINI-PV  d u a l - m e t a l   r e c e p t a c l e s   (a  

t r a d e m a r k   of  E.  I.  du  Pont   de  Nemours  and  C o m p a n y ) .  
Wal l   38"  i s   m o d i f i e d   to   form  a  c a v i t y   17"  s u i t a b l e  

for   the  e n l a r g e d   c o n t a c t .   The  d u a l - m e t a l   r e c e p t a c l e  
is  a  d i s c o n n e c t   c o n t a c t   fo r   0 . 0 2 5   i n c h   s q u a r e   o r  



round   p i n s   on  minimum  0 . 1 0 0   i n c h   c e n t e r s   and  o f t e n  

p r o v i d e s   h i g h e r   r e l i a b i l i t y   t h a n   t h e   s i n g l e   or  d u a l  

beam  d e s i g n s .  

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

FIG.  19.  The  beams  56  g r i p   t he   e d g e   of  t he   e d a e c a r d  

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

The  beams  56  a r e   shown  so  t h a t   t h e y   w i l l   c o n n e c t  

o p p o s i t e   s i d e s   of  a  p r i n t e d   c i r c u i t   b o a r d   to   t he   s a m e  

c o n n e c t o r   3.  H o w e v e r ,   t he   beams  56  may  be  s t a g g e r e d  

and  e a c h   c o n n e c t   a  d i f f e r e n t   c i r c u i t   on  o p p o s i t e  

s i d e s   of  a  p r i n t e d   c i r c u i t   b o a r d .   Of  c o u r s e   t h e  

number  of  such   beams  56  i s   a  m a t t e r   of  c h o i c e .  

An  i n s u l a t i o n - p i e r c i n g   i n t e r c o n n e c t i n g  

e l e m e n t   5"'  in  FIG.  20  d e p i c t s   a  ma le   p i n  5 4   at   o n e  
end  fo r   e n g a g e m e n t   w i t h   a  s u i t a b l e   f e m a l e   r e c e p t a c l e  

an  a n o t h e r   e l e c t r i c a l   d e v i c e .  

The  s e q u e n c e   of  t e r m i n a t i n g   c a b l e   a c c o r d i n g  

to  t h i s   i n v e n t i o n   i s   shown  f o r   the   c o n f i g u r a t i o n   o f  

FIG.  5  w h i c h   f e a t u r e s   t he   d u a l   beam  t y p e   f e m a l e  

c o n t a c t   i n t e r c o n n e c t i n g   e l e m e n t .   T i m e - l a p s e   F I G S .  

7 - 1 2   show  t h i s   t e r m i n a t i n g   s e q u e n c e .   (FIG.  3  s h o w s  

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

e l e m e n t . )  

An  i n s u l a t i o n - p i e r c i n g   i n t e r c o n n e c t i n g  

e l e m e n t   5'  m o u n t e d   in  t e r m i n a l   b a s e   13'  is  shown  i n  

c r o s s - s e c t i o n   in   FIG.  7.  F o u n d a t i o n   13'   is  h e l d   in  a  
s u i t a b l y   s h a p e d   b a s e   t o o l   24.  F l a t   c a b l e   2  i s  

d i s p o s e d   s u c h   t h a t   the  a r r a y   of  e l e m e n t s   5 ' ,   a  

s t a g g e r e d   l i n e   d e s c r i b e d   above   but   not   shown  in  F I G .  

7  f o r   r e a s o n s   of  c l a r i t y ,   i s   n o r m a l   to  the   p l a n e   o f  

c a b l e   2.  I n s e r t i o n   t o o l   25,  in  a s s o c i a t i o n   w i t h  

g u i d i n g   means   (not   shown)  h o l d s   c a b l e  2   in  t h i s  

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



c o n d u c t o r   3  i s   a p p r o x i m a t e l y   p o s i t i o n e d   above   a n  

a s s o c i a t e d   s l o t  7   of  an  e l e m e n t   5 ' .  

FIG.  8  d e p i c t s   the  b e g i n n i n g   of  r e l a t i v e  

n o t i o n   b e t w e e n   base   t o o l   24  and  i n s e r t i o n   t o o l   25  i n  

the  d i s e c t i o n  o f   the  a r r o w s   c a u s e s   t i p s   9  and  10  o f  

e l e m e n t s   5'  to  p e n e t r a t e   i n s u l a t i o n   4  o n   e i t h e r   s i d e  

of  c o n d u c t o r s   3,  the  t i p s   9  and  10  p a s s i n g   c o m p l e t e l y  

t h r o u g h   i n s u l a t i o n   4  and  e n t e r i n g   s l o t   26  of  t o o l   25  

as  c o n d u c t o r   3  is   f u n n e l e d   i n t o   t h r o a t   11  ( b e s t   s e e n  

in   FIG.  4 ) .   C o n t i n u e d   m o t i o n   s e a t s   c o n d u c t o r   3  i n  

the  b a s e   of  s l o t   7  ( see   FIG.  9) .   A  p o r t i o n   o f  

i n s u l a t i o n   4  (shown  as  4'  in  FIGS.  4  and  14)  may  b e  

c a u g h t   b e t w e e n   s l o t   7  and  c o n d u c t o r s   3  and  a c t s   as  a 

s t r e s s   d s t r i b u t i n g   member  d u r i n g   f u r t h e r   f o r m i n g .  

I n s e r t i o n   t o o l   25,  shown  in  FIG.  13,  has  o n e  

s l o t   26  fo r   each   of  t he   s t a g g e r e d   rows  of  e l e m e n t s   5 '  

and,   a l i g n e d   w i t h   the  t h r o a t s   11  of  e l e m e n t s   5'  w h i c h  

are  c e n t e r e d   b e t w e e n   t i p s  9   and  10,   t h e r e   a r e  

s e m i c y l i n d r i c a l   s l o t s   28  and  29  s i z e d   to   a c c o m m o d a t e  

c o n d u c t o r s   3.    p r e f e r r e d  t h a t   f a c e   3,0  of  t o o l  

2 6  b e   c o n n e c t e d   w i t h   s l o t s   26  b y  d o u b l e   c h a m f e r s   3 1 .  

T h e s e   f a c i l i t a t e   e n t r y   of  c o n d u c t o r   3  i n t o   s l o t s  2 8  

and  29  and  a l s o   p r o v i d e   for   the  n e c e s s a r y   s t r e s s i n g  

cf  i n s u l a t i o n   4  w h i c h   r e f e r r i n g   now  t o   FIG.  11,   i s  

d e f o r m e d   to   i t s   e x t r e m e   and  b r e a k s   mov ing   o v e r   t h e  

c o n d u c t o r s   3  t o   a  r e s t   p o s i t i o n ,   T o o l s   of  t h i s   t y p e  

a r e   e m p l o y e d   in  a  v a r i e t y   of  p r e s s e s ,   d e t a i l s   o f  

p r e s s   o p e r a t i o n   and  t h e   means  by  w h i c h   t h e   t o o l s   a r e  
a t t a c h e d   or  g u i d e d   a re   w e l l   k n o w n .  

FIG.  10  i l l u s t r a t e s   t he   e f f e c t   of  f u r t h e r  

r e l a t i v e   m o t i o n   b e t w e e n   b a s e   t o o l   24  and  i n s e r t i o n  

t o o l   25.  T ip   10  is  shown  c o m p l e t e l y   moved  i n t o   s l o t  

26  and  h o l e s   28  and  29  a r e   b e g i n n i n g   to   a c c o m m o d a t e  



c o n d u c t o r   3.  The  b e g i n n i n g   of  t h e   f o r m a t i o n   of  a  

t i g h t   b i g h t   over   s l o t   7  i s   a l s o   s h o w n .   I n s u l a t i o n   4 

is   t h i n n e d   ou t   a b o v e   t h e   t o p   of  t he   b i g h t   and  i s  

c o m p r e s s e d   below  i t .  

FIG.  11 ,   shows  the  c o m p l e t e   f o r m a t i o n   of  a  

t i g h t   b i g h t   t h r o u g h   s l o t   7  o v e r   e l e m e n t   5'  w i t h   t h e  

the   w i r e   e x p o s e d   t h r o u g h   the  i n s u l a t i o n .   Tool   25  i s  

r e m o v e d   at  t h i s   s t a g e   and  h e n c e   no t   shown  in  t h i s  

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

t e n d s   to  a s sume   the   c r o s s - s e c t i o n a l   c o n f i g u r a t i o n  

shown  in  FIG.  4. 

To  m a i n t a i n   e l e c t r i c a l   c o n t i n u i t y   u n d e r  

e x t r e m e   s e r v i c e   c o n d i t i o n s ,   i t   is  p r e f e r r e d   to  b o n d  

c o n d u c t o r s   3  to   i n t e r c o n n e c t i n g   e l e m e n t s   5'  in  o r d e r  

to  a v o i d   or  m i n i m i z e   t h e   l o n g   r a n g e   e f f e c t s   o f  

c o r r o s i o n   and  v i b r a t i o n .   Such  b o n d i n g   can  be  

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

t e c h n i q u e s .  

In  o r d e r   to  e n s u r e   p e r m a n e n t   b o n d i n g ,   i t  i s  

i m p o r t a n t   t h a t   t h e   i n t e r c o n n e c t i n g   e l e m e n t   5  i s  

p o s i t i o n e d   in  the   f o u n d a t i o n   p o r t i o n   11  of  t h e  

d i e l e c t r i c   h o u s i n g   so  t h a t   when  the   c o n d u c t o r   i s  

l o c a t e d   at  the   b a s e   of  s l o t   7  i t   i s   b e n t   back  o n  
i t s e l f   f o r m i n g   a  b i g h t   o v e r   t he   b a s e   of  t h e   t i n e .   A 

l o o p   i s   t h e r e b y   f o r m e d   and  the   c o n d u c t o r   i s   e x p o s e d ,  
t h e   l o o p   h a v i n g   a  h e i g h t   of  a t   l e a s t   t h e   t h i c k n e s s   o f  

the   c o n d u c t o r   above   the   t o p   of  the  i n s u l a t i o n .  

H i g h e r   l o o p s   a re   a c c e p t a b l e   up  to  a  h e i g h t   l i m i t e d   by  
the   p r a c t i c a b l e   n e c e s s i t y   of  c o v e r i n g   the   i n s e r t e d  

c o n n e c t o r   in  a  d i e l e c t r i c   h o u s i n g   c o v e r .   Such  a 
p o s i t i o n   i s   shown  in  FIG.  3.  The  i n s e r t e d   c o n d u c t o r  

3  is   t h e r e b y   b e n t   back   on  i t s e l f   f o r m i n g   a  b i g h t   6 

o v e r   the  base   7  of  s a i d   t i n e s .   The  c o n d u c t o r   i s  



e x p o s e d   f rom  i t s   i n s u l a t i o n   4  at  t h e   a p e x   of  t h e  

b i g h t   6.  T h i s   e x p o s e d   c o n d u c t o r   can  t h e n   be  b o n d e d  

to   t h e   t i n e   d i r e c t l y   by  a  l a s e r   we ld   or  can  b e  

c r i m p e d   by  the  t i n e s   and  t h e n   l a s e r   w e l d e d   to   form  a 

p e r m a n e n t   e l e c t r i c a l   bond  as  shown  at  50°  in   F I G .  

1 8 .  

In  F I G .  1 2 ,   e a c h   t i g h t   b i g h t   f o r m e d   i n  

c o n d u c t o r   3  o v e r   an  i n t e r c o n n e c t i n g   e l e m e n t   5'  h a s  

been  s u b j e c t e d   to   the   a c t i o n   of  a  c r i m p i n g   t o o l   3 4 .  

T h i s   c r i m p i n g   t o o l   i s   i l l u s t r a t e d   in   FIG.   14  a n d  

c o m p r i s e s   a  s e r i e s   of  a p p r o p r i a t e l y   s p a c e d   h o l e s   o f  

c o n t r o l l e d   d e p t h   and  h a v i n g   a  b l i n d   c o n i c a l   base   3 5 .  

The  c o n i c a l   b a s e   p r e f e r a b l y   has  a  90°  a n g l e .   The  

h o l e s   a r e   s i z e d   as  shown  in  FIG.  14  so  t h a t   o p p o s i n g  

m o t i o n   b e t w e e n   t o o l   34  and  base   t o o l   24  c a u s e s   t h e  

c r i m p i n g   of  t i p s   9  a n d   10  t o g e t h e r   as  shown  by  t h e  

p h a n t o m   l i n e s   in  FIG.  14.  Thus ,   s t r a n d s   12  a r e  

m e c h a n i c a l l y   h e l d   in  p l a c e   in  s l o t   7  a b o v e   i n s u l a t i o n  

p o r t i o n   4 ' .   The  c o n f i g u r a t i o n   shown  by  t he   p h a n t o m  
l i n e s  i s   s c h e m a t i c ,   in  a c t u a l   p r a c t i c e ,   t he   c l o s u r e  

b e t w e e n  t h e  a r r o w h e a d s   is  l e s s   u n i f o r m .  

M e t a l l u r g i c a l   b o n d i n g   p r o d u c e s   p e r m a n e n t  
i n t e r f a c e   b e t w e e n   c o n d u c t o r s   3  and  e l e m e n t s   5  l e a d i n g  
to  i m p r o v e d   e l e c t r i c a l   c o n t i n u i t y   i n  s e r v i c e .   L a s e r  

w e l d i n g   i s   the  p r e f e r r e d   t e c h n i q u e   u t i l i z e d   i n  

o b t a i n i n g   the   e l e c t r i c a l   c o n n e c t i o n   and  w i r i n g   d e v i c e  

of  t h i s   i n v e n t i o n .  

By  m e t a l l u r g i c a l   b o n d i n g   i s   m e a n t   a n  
e l e c t r i c a l   c o n t a c t   f o rmed   b e t w e e n   i n t e r c o n n e c t i n g  

e l e m e n t   and  c o n d u c t o r   in  such  a  manner   t h a t   s o m e  
m e t a l - m e t a l   f u s i o n   o c c u r s .   Such  b o n d i n g   is  b r o u g h t  

a b o u t   by  the   a p p l i c a t i o n   of  some  form  of  e n e r g y   at   o r  

n e a r   t he   a r e a   w h e r e   a  r i g i d   bond  is  to  be  f o r m e r .  



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

w e l d i n g   m e t h o d s   such  as  l a s e r   beam  w e l d i n g .  

LBW  has  s e v e r a l   a d v a n t a g e s   o v e r   o t h e r  

w e l d i n g   m e t h o d s ,   e . g . ,   i t   does  not  r e q u i r e   e l e c t r o d e  

c o n t a c t   or  f l u x .   LBW  has  h igh   h e a t   i n t e n s i t y   and  t h e  

beam  i m p a c t s   on  a  s m a l l   a r e a ;   t h e s e   f a c t o r s  

c o n t r i b u t e   to   l o c a l i z e d   h e a t i n g   and  r a p i d   c o o l i n g  

r e s u l t i n g   in   a  s m a l l   h e a t - a f f e c t e d   z o n e .   The  h i g h l y  

c o l l i m a t e d   m o n o c h r o m a t i c   beam  of  l i g h t   g e n e r a t e d   in  a  
l a s e r   i s   f o c u s e d   on  a  s u r f a c e   and  i s   p a r t i a l l y  

r e f l e c t e d ,   and  p a r t i a l l y   a b s o r b e d .   Opt imum  w e l d i n g  

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

c o n d u c t i v i t y ,   d e n s i t y ,   h e a t   c a p a c i t y ,  m e l t i n g   p o i n t ,  
and  s u r f a c e   c o n d i t i o n   of  the   m e t a l s   t o  b e   j o i n e d   a s  
w e l l   as  t he   c h a r a c t e r i s t i c s   of  t h e   l a s e r   s u c h   a s  

power   d e n s i t y ,   wave  l e n g t h   and  p u l s e  l e n g t h .  

I t   has  been   f o u n d   t h a t   a  p u l s e d   n e o d y m i u m  
l a s e r   ( u s i n g   Nd  G l a s s   w i t h   an  o u t p u t   of  1 0 - 1 5   j o u l e s )  

can   s u c c e s s f u l l y   weld  c u p r o - n i c k e l ,   g o l d   f l a s h e d  

m a t e r i a l s ,   and  p h o s p h o r - b r o n z e .   A l l   of  t h e s e  

m a t e r i a l s   a f f o r d   a c c e p t a b l e   q u a l i t y   w e l d s ,   CuNi  b e i n g  
the  b e s t .   For  e x a m p l e ,   w e l d i n g   c u p r o - n i c k e l   t o  

c o p p e r ,   j o i n t   r e s i s t a n c e s   of  l e s s   t h a n   1  m i l l i o h m   a r e  
o b t a i n e d   v e r s u s   1 0 - 1 5   m i l l i o h m s   r a n g e   c o n s i d e r e d   t o  

be  t h e   maximum  a l l o w a b l e .   A l s o ,   a  d i r e c t   t e n s i o n  

s t r e n g t h   of  1 . 5  -   4  p o u n d s   per  t e r m i n a t i o n   i s  

a c h i e v e d .  

A  t e c h n i q u e   f a v o r e d   for   c a r r y i n g   ou t   l a s e r  

w e l d i n g   i n v o l v e s   p o s i t i o n i n g   t he   w e l d e r   so  t h a t   i t s  

beam  is   w i t h i n   90°  of  p e r p e n d i c u l a r   to   the   l o n g  
a x i s   of  t he   i n t e r c o n n e c t i n g   e l e m e n t   5  and  is  a l i g n e d  
w i t h   the   c e n t e r   of  s l o t   7  a f t e r   c r i m p i n g .  

A p p r o x i m a t e l y   5  m i l l i s e c o n d - p u l s e   l e n g t h   of  t h e  

l a s e r ,   d e l i v e r i n g   1 0 - 1 5   j o u l e s ,   can  a c c o m p l i s h   t h e  



- 1 9 -  

b o n d i n g   of  an  e l e m e n t   5  to   t he   c o r r e s p o n d i n g  

c o n d u c t o r   3.  Such  an  o p e r a t i o n   of  the  l a s e r   i s   s a i d  

to  be  o p e r a t i n g   in  the   c o n v e n t i o n a l   mode.   E i t h e r   o r  

b o t h   of  t i p s   9  and  10  of  i n t e r c o n n e c t i n g   e l e m e n t s   5 

are  p a r t i a l l y   m e l t e d   and  f low  o v e r   and  b e t w e e n   h e a t e d  

s t r a n d s   12  of  c o n d u c t o r   3  f o r m i n g   a  m e t a l l u r g i c a l  

b o n d .  

Bo th   t i n n e d   and  u n t i n n e d   w i r e   can  be  w e l d e d  

to  CuNi  w i t h   a  p l u s e d   C02  l a s e r .   Such  w e l d s   c a n  

a c h i e v e   j u n c t i o n   r e s i s t a n c e s   of  f rom  0 . 0 5 - 0 . 3 0  

m i l l i o h m   and  s h e a r   s t r e n g t h s   of  from  2 . 7 - 4 . 8   p o u n d s  

to  b r e a k .  

Most   p r e f e r a b l y ,   an  Nd  YAG  ( y t t r i u m   a l u m i n u m  

g a r n e t )   p l u s e d   l a s e r   is  u t i l i z e d   fo r   h i g h   s p e e d  

m u l t i p l e   w e l d s .   The  mos t   p r e f e r r e d   l a s e r   weld   i s  

a c c o m p l i s h e d   by  c o n t o u r i n g   t h e   l a s e r   beam  and  a i m i n g  

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

upon  the   c o n d u c t o r .   T h i s   a p p e a r s   to  p r e h e a t   t h e  

c o n d u c t o r   so  t h a t   good  f u s i o n   is   o b t a i n e d .   The  m a j o r  

p o r t i o n   of  the   beam  is  d i r e c t e d   on  t h e   t i n e s   9  a n d  

10.  They  a r e   m e l t e d   and  the  m e l t   c o n t a c t s   t h e  

e x p o s e d   c o n d u c t o r   and  f u s e s   to  i t .   The  l a s e r   i s  

e m p l o y e d   u s i n g   a  c i r c u l a r   beam  shape   w i t h   an  o v e r a l l  

d i a m e t e r   of  0 . 0 9 0   to  0 . 1 0 0   i n c h   and  a  c o n c e n t r i c   h i g h  

e n e r g y   c o r e   r a n g i n g   b e t w e e n   0 . 0 5 5   and  0 .075   i nch   i n  

d i a m e t e r .   The  c o r e   is  c e n t e r e d   on  a  p o i n t   on  t h e  

t i n e s   above   c o n d u c t o r   s t r a n d s   12  a p p r o x i m a t e l y   0 . 0 2 0  

to  0 . 0 2 5   i n c h   and  in  l i n e   w i t h   s l o t   7  p l a c i n g   t h e  

s t r a n d s   on  the   edge  of  the  beam  c o r e   or  w i t h i n   i t .  

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

d e s t r u c t i o n   of  the  c o n d u c t o r   u s i n g   a  Nd  YAG  l a s e r  

o p e r a t e d   in  a  p u l s e d   mode  wi th   p u l s e   e n e r g y   l e v e l s   o f  

1 0 - 1 5   j o u l e s .  



O t h e r   beam  s h a p e s   b e s i d e s   c i r c u l a r   a re   k n o w n  

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

r e c t a n g u l a r ,   s q u a r e ,   f i g u r e   " 8 " ,   or   m o d i f i c a t i o n s  

t h e r e o f   s u c h   as  c o n c e n t r i c   r i n g s .   E a c h  m a y   a p p l y  

p a r t i c u l a r   i n s t a n c e s .   S i m i l a r l y   known  a r e   the  m e a n s  

to  v a r y   the   beam  d i m e n s i o n s .   T h e s e   i n c l u d e   beam 

d i v e r g e n c e ,   power   and  e s p e c i a l l y   o p t i c s .  

FIG.  18  shows  a  d i e l e c t r i c   h o u s i n g  

f o u n d a t i o n   13  c o n t a i n i n g   i n t e r c o n n e c t i v e   e l e m e n t s   5 

p a s s i n g   in  f r o n t   of  a  l a s e r   beam  a f t e r   t he   p i e r c e d  

f l a t   c a b l e   2  has   been  ben t   over   and  the   c o n d u c t o r   3 

e x p o s e d   in   t he   b i g h t   6  at  the   b a s e   of  t h e   t i n e s .   T h e  

c o n d u c t o r   i s   shown  w i t h   the  t i n e s   s q u e e z e d   s h o w n  

b e f o r e   t h e   l a s e r   beam  h i t s   t h e   t i n e s   and  the   b i g h t   6 

c a u s i n g   a  m e t a l l u r g i c a l   bond  50  to   f o r m .   T h i s   b o n d  

makes   the   c o n n e c t i o n   p e r m a n e n t .  
A f t e r   the   b o n d i n g   i s   c o m p l e t e d ,   c ap   20  i s  

i n s t a l l e d   and  s e a l e d   to   f o u n d a t i o n   13.  I t   i s  

p r e f e r r e d   to   p o s i t i o n   cap  20  in  a  f i x t u r e   under   an  
u l t r a s o n i c   ho rn   so  t h a t   e l e m e n t s   5  a re   a l i g n e d   t o  

e n t e r   h o l e s   21  i n  c a p   20  in  i n t e r f e r e n c e   f i t   f o r  

p e r m a n e n t   a t t a c h m e n t .   Cap  20  can  a l s o   b e  

u l t r a s o n i c a l l y   b o n d e d   to   f o u n d a t i o n   13  t h e r e b y  

y i e l d i n g   a  c o n n e c t o r   a s s e m b l y   as  shown  in  FIGS.  1,  5 

or  6 .  



1.  I n   an  e l e c t r i c a l   c o n n e c t i o n   h a v i n g   a t   l e a s t  

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

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

an  i n s u l a t e d   e l e c t r i c a l   c o n d u c t o r ,   s a i d   i n t e r c o n n e c t i v e  

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

h o u s i n g ,   c h a r a c t e r i z e d   i n   t h a t   t h e   c o n d u c t o r   ( 3 )   i s   b e n t  

b a c k   on  i t s e l f   f o r m i n g   a  b i g h t   ( 6 )   o v e r   t h e   b a s e   of   s a i d  

t i n e s   ( 9 ,   10)   s u c h   t h a t   a  l o o p   i s   f o r m e d ,   s a i d   l o o p   b e i n g  

a t   l e a s t   one   c o n d u c t o r   t h i c k n e s s   h i g h ,  s a i d   c o n d u c t o r  

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

b i g h t   ( 6 )   and   b e i n g   p e r m a n e n t l y   b o n d e d   a t   s a i d   a p e x   to  t h e  

t i n e s .  

2.  The  e l e c t r i c a l   c o n n e c t i o n   of   C l a i m   1  c h a r a c -  

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

t h e   t i n e s   by  a  l a s e r   w e l d .  

3.  T h e  e l e c t r i c a l   c o n n e c t i o n   of   C l a i m   1  c h a r a c -  

t e r i z e d   i n   t h a t   t h e   t i n e s   a r e   s q u e e z e d   to  t h e   c o n d u c t o r  

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

by  a  l a s e r   w e l d .  

4 .  A n   i n t e r c o n n e c t i v e   e l e m e n t   i n   a  d i e l e c t r i c  

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

a c c o r d i n g   to   C l a i m   1  a t   a  f i r s t   end  and   a n o t h e r   e l e c t r i c a l  

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

5.  An  i n t e r c o n n e c t i v e   e l e m e n t   i n   a  d i e l e c t r i c  

h o u s i n g   a c c o r d i n g   to   C l a i m   4  c h a r a c t e r i z e d   i n   t h a t   t h e  

s e c o n d   end   o f   t h e   e l e m e n t   i s   a  d u a l   beam  f e m a l e   c o n t a c t  

( 8 ,  8 ' )  

60  An  i n t e r c o n n e c t i v e   e l e m e n t   i n   a  d i e l e c t r i c  

h o u s i n g   a c c o r d i n g   to  C l a i m   4  c h a r a c t e r i z e d   i n   t h a t   t h e  

s e c o n d   end   o f   t h e   e l e m e n t   i s   a  s i n g l e   beam  f e m a l e   c o n -  

t a c t   ( 8 )  

7 .  A n   i n t e r c o n n e c t i v e   e l e m e n t   i n   a  d i e l e c t r i c  

h o u s i n g   a c c o r d i n g   to   C l a i m   4  c h a r a c t e r i z e d   i n   t h a t   t h e  

s e c o n d   end   o f   t h e   e l e m e n t   i s   a  d u a l - m e t a l   r e c e p t a c l e   ( 2 2 ) .  

8.  An  i n t e r c o n n e c t i v e   e l e m e n t   i n   a  d i e l e c t r i c  

h o u s i n g   a c c o r d i n g   to  C l a i m   4  c h a r a c t e r i z e d   i n   t h a t   t h e  



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

( F i g .   1 9 ) .  

9.   An  i n t e r c o n n e c t i v e   e l e m e n t   i n   a  d i e l e c t r i c  

h o u s i n g   a c c o r d i n g   to  C l a i m   4  c h a r a c t e r i z e d   i n   t h a t  

t h e   s e c o n d   e n d   o f   t h e   e l e m e n t   i s   a  m a l e   p i n   ( 5 4 ) .  

1 0 .   An  e l e c t r i c a l   c o n n e c t o r   c h a r a c t e r i z e d   b y :  

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

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

f i t t i n g   i n s u l a t i o n :  

a t   l e a s t   one   c o n n e c t o r   a s s e m b l y   i n   e l e c t r i c a l  

a t t a c h m e n t   to  t h e   c a b l e ,   t h e   a s s e m b l y   i n c l u d i n g  

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

and   i n t e r c o n n e c t i n g   e l e m e n t s   m o u n t s   i n   s a i d   f o u n d a t i o n  

i n   l i n e   a r r a y ,   t h e r e   b e i n g   a t   l e a s t   o n e   i n t e r c o n n e c t i n g  

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

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

o n e  p l a n e   n o r m a l   to   t h e   f l a t   c a b l e ;  

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

s e c o n d   e n d s ,   t h e   f i r s t   e n d   f o r m e d   as  i n s u l a t i o n -  

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

of   t h e   s l o t   a n d   t h e   s e c o n d   e n d   f o r m e d   as   an   e l e c t r i c a l  

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

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

t h e   i n s u l a t i o n   o f  t h e   c a b l e   so  t h a t   a  c o n d u c t o r   i s  

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

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

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

b o n d e d   to   t h e   f o r k e d   c o n t a c t .  

1 1 .   The   c o n n e c t o r   a c c o r d i n g   to   C l a i m   1 0  c h a r a c -  

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

c o n d u c t o r   a r e   b o n d e d   by  m e a n s   o f   a  l a s e r   w e l d .  

1 2 .   The   c o n n e c t o r   a c c o r d i n g   to   C l a i m   10  c h a r a c -  

t e r i z e d   i n   t h a t   s a i d   i n t e r c o n n e c t i n g   e l e m e n t   and   s a i d  

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

w e l d .  



13.   The  c o n n e c t o r   o f   C l a i m   10  c h a r a c t e r i z e d  

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

f o u n d a t i o n   i n   a t   l e a s t   two  s t a g g e r e d   p a r a l l e l   r o w s .  

14.   The  c o n n e c t o r   of   C l a i m   10  c h a r a c t e r i z e d  

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

v e r s e   and  n o r m a l   to  t h e   i n s u l a t i o n   of   t h e   f l a t   c a b l e  

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

15 .   The  c o n n e c t o r   a c c o r d i n g   to  C l a i m   11  c h a r a c -  

t e r i z e d   i n   t h a t   t h e   l a s e r   w e l d   i s   a c h i e v e d   w i t h   a  Nd  YAG 

l a s e r .  

16 .   A  m e t h o d   of   t e r m i n a t i n g   w i t h   c o n n e c t o r s  a n  

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

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

i n s u l a t i o n   c h a r a c t e r i z e d   by  t h e   s e q u e n t i a l   s t e p s   o f :  

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

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

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

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

l e a s t   one  i n t e r c o n n e c t i n g   e l e m e n t   f o r   a t   l a s t   o n e  

c o n d u c t o r   i n   e a c h   c o n n e c t o r ;  

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

s l o t s   of   s a i d   e l e m e n t s ;  

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

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

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

of   t h e   c a b l e   and   o u t s i d e   t h e   i n s u l a t i o n ;  

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

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

s t a n d i n g   p a r t s   i n   c l o s e   p r o x i m i t y   to  o p p o s i t e  s i d e s   of   t h e  

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

f o r m e d   o v e r   t h e   b a s e s   of  t h e   s l o t s ;  

p e r m a n e n t l y   b o n d i n g   t h e   c o n d u c t o r   to  t h e   i n t e r -  

c o n n e c t i n g   e l e m e n t ;  

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

d i e l e c t r i c   h o u s i n g   w h e r e b y   an  i n s u l a t e d   c o n n e c t o r  

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



17.   The  m e t h o d   of   C l a i m   16  c h a r a c t e r i z e d   i n  

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

b o n d i n g   a f t e r   a  m e c h a n i c a l   s q u e e z i n g   s t e p .  

18 .   The  m e t h o d   of   C l a i m   17  c h a r a c t e r i z e d  

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

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

beam  i s   w i t h i n   90°  of  p e r p e n d i c u l a r   to  t h e   l o n g   a x i s  

o f   t h e   i n t e r c o n n e c t i n g   e l e m e n t s .  
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