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A  machine  which  is  operable  to  twist  the  end  portion 
(4A)  of  a  cross  wire  (4)  around  a  longitudinal  wire  (2) 
disposed  at  right  angles  to  the  cross  wire,  and  then  to  twist 
the  cross  wire  end  portion  (4A)  about  the  standing  portion 
(4B)  of  the  cross  wire,  to  form  a  «knot»,  consists  of  a 
knotter  die  (34)  rotatable  about  the  axis  of  the  longitudinal 
wire  (2)  to  form  the  first  twist,  and  to  force  the  end  portion 
(4A)  of  the  cross  wire  (4)  operatively  against  an  anvil  (58) 
configurated  to  form  the  second  twist  so  that  both  twists 
are  formed  in  a  single  operation,  although  the  two  twists 
lie  in  substantially  right  angled  planes.  This  substantially 
doubles  the  speed  at  which  the  knots  may  be  formed  in 
automatic  machinery.  As  optional  equipment,  other  dies 
(72,  74)  may  be  added  for  pressing  the  wire  bend  formed 
in  the  second  twist,  and  the  raw  end  of  the  cross  wire, 
closely  adjacent  the  longitudinal  wire,  so  that  the  raw  wire 
ends  are  shielded.  This  knot  «finisher»  operation  is  per- 
formed  at  a  station  different  from  that  at  which  the  knot  is 
initially  formed,  so  that  in  an  automatic  machine,  the  finish- 
ing  operation  does  not  reduce  the  production  rate. 



T h i s   i n v e n t i o n   r e l a t e s   to   new  and  u s e f u l   i m p r o v e -  

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

r e f e r e n c e   to   a  m a c h i n e   a d a p t e d   to   t w i s t   t h e   end  p o r t i o n  

of  a  f i r s t   w i r e   f i r s t   a b o u t   a  s e c o n d   w i r e   d i s p o s e d   a t  

r i g h t   a n g l e s   to  t h e   f i r s t ,   and  t h e n   t o   t w i s t   t h e   p r o -  

j e c t i n g   end  p o r t i o n   of   t h e   f i r s t   w i r e   a b o u t   i t s   o w n  

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

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

i n   t h e   t r a d e   as  a  " k n o t " ,   i s   n o t   a  k n o t   i n   t h e   t e c h n i c a l  

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

f o r m e d   i n   i t s e l f .  

The  i n v e n t i o n   w i l l   be  d e s c r i b e d   i n   c o n n e c t i o n   w i t h  

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

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

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

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

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

l a t e r a l l y   b e t w e e n   and  k n o t t e d   at  t h e i r   e n d s   a b o u t   s a i d  

s i d e   w i r e s ,   and  a r e   c o m m o n l y   f o r m e d   by  a u t o m a t i c   m a c h -  

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

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

v a n c e d   l o n g i t u d i n a l l y   and  s u c c e s s i v e l y   i n t o   p o s i t i o n  

at   a  g i v e n   s t a t i o n ,   c u t   to   p r o p e r   l e n g t h ,   and  k n o t t e d  

a b o u t   t h e   s i d e   w i r e s   w h i l e   t h e   s i d e   w i r e s   a r e   a t   r e s t .  



The  d e s c r i b e d   w i r e   c o n n e c t i o n ,   or   " k n o t " ,   i s   n o t  

new  i n   and  of   i t s e l f ,   b u t   h e r e t o f o r e   t h e   two  t w i s t s  

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

t h e   s i d e   w i r e ,   and  t h e   s e c o n d   of  t h e   c r o s s   w i r e   a b o u t  

i t s   own  s t a n d i n g   p o r t i o n ,   h a v e   b e e n   r e g a r d e d   as  t w o  

s e p a r a t e   o p e r a t i o n s ,   e a c h   r e q u i r i n g   i t s   own  s e t   o f  

w i r e - b e n d i n g   d i e s .   Hence   t h e   s e c o n d   t w i s t   c o u l d   n o t  

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

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

r e q u i r e d   to   r e m a i n   a t   r e s t   w h i l e   t h e   k n o t s   w e r e   f o r m e d .  

The  two  s e p a r a t e   o p e r a t i o n s   w e r e   d e e m e d   n e c e s s a r y   s i n c e  

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

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

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

t h e   c r o s s   w i r e s   c o u l d   be  i n s e r t e d   and  k n o t t e d ,   and  h e n c e  

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

A c c o r d i n g l y ,   t h e   p r i m a r y   o b j e c t   of  t h e   p r e s e n t   i n -  

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

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

a  s i n g l e   s e t   of   d i e s ,   and  w i t h   a  s i n g l e   m o t i o n   of  a  

d r i v e r   m e m b e r ,   w h e r e b y   to   f o r m   b o t h   t h e   f i r s t   a n d  

s e c o n d   t w i s t s   i n   a  t i m e   no  g r e a t e r   t h a n   h a s   h e r e t o f o r e  

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

G e n e r a l l y ,   t h i s   o b j e c t   i s   a c c o m p l i s h e d   by  t h e   p r o v i s i o n  

of   a  d r i v e r   w h i c h   e n g a g e s   t h e   end  p o r t i o n   of  a  c r o s s  
w i r e   and  t u r n s   i t   a r o u n d  t h e   s i d e   w i r e   to   f o r m   t h e  

f i r s t   t w i s t ,   and   by  i m p o s i n g   a  f i x e d   a n v i l   i n   t h e   p a t h  

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

to   g u i d e   t h e   c r o s s   w i r e   end  a r o u n d   i t s   own  s t a n d i n g  

p o r t i o n ,   w h e r e b y   t h e - s e c o n d   t w i s t   i s   f o r m e d   d u r i n g   t h e  

f i n a l   p o r t i o n  o f   t h e   f o r m a t i o n   of  t h e   f i r s t   t w i s t .   An  

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

i s   t h u s   p e r m i t t e d .  

The  m a c h i n e   as  t h u s  f a r   d e s c r i b e d   p r o v i d e s   a  k n o t  



t h e   s e c o n d   t w i s t   of  w h i c h ,   t h a t   i s ,   t h e   b e n d   of  t h e  

c r o s s   w i r e   end  a b o u t   i t s   own  s t a n d i n g   p o r t i o n ,   i s   s p a c e d  

a p a r t   f r o m   t h e   s i d e   w i r e ,   and  i n   w h i c h   t h e   raw  end  o f  

t h e   c r o s s   w i r e   p r o j e c t s   away  f r o m   t h e   c r o s s   w i r e   i n   a n  

e x p o s e d   p o s i t i o n .   T h i s   c o n d i t i o n   i s   p e r m i s s a b l e   i n  

some  c a s e s ,   s u c h   as  when  t h e   r e s u l t a n t   g r i d   s p r i n g   i s  

t o   be  c o m p l e t e l y   e n c l o s e d ,   b u t   i n   some  c a s e s ,   s u c h   a s  

when  t h e   s p r i n g   i s   to   be  e x p o s e d   i n   u s e ,   t h e   raw  w i r e  

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

t h e   l i k e .   A c c o r d i n g l y ,   a n o t h e r   o b j e c t   of  t h e   i n v e n t i o n  

i s   t h e   p r o v i s i o n   of   m e a n s   w h e r e b y   e a c h   k n o t   may  b e  

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

w i r e ,   and  i t s   raw  e n d ,   i n t o   c l o s e   p r o x i m i t y   to   t h e  

s i d e   w i r e ,   w h e r e b y   t h e   r aw  end  i s   s h i e l d e d .   T h i s   f i n i -  

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

at  a  s t a t i o n   i n   t h e   m o v e m e n t   of  t h e   s i d e   w i r e s   s u b s e -  

q u e n t   to  t h a t   a t   w h i c h   t h e   k n o t s   a r e   i n i t i a l l y   f o r m e d ,  

so  t h a t   i t   c an   o c c u r ,   w i t h   r e s p e c t   to   t h e   k n o t s   of  o n e  

c r o s s   w i r e ,   a t   t h e   same  t i m e   t h e   k n o t s   of  t h e   n e x t   s u b -  

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

r a t e   of   t h e   m a c h i n e .  

O t h e r   o b j e c t s   a r e   s i m p l i c i t y   and  e c o n o m y   of  s t r u c -  

t u r e ,   and  e f f i c i e n c y   and  d e p e n d a b i l i t y   of  o p e r a t i o n .  

W i t h   t h e s e   o b j e c t s   i n   v i e w ,   as  w e l l   as  o t h e r  

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

f i c a t i o n ,   r e f e r e n c e   w i l l   be  h a d   to  t h e   a c c o m p a n y i n g  

d r a w i n g ,   w h e r e i n :  

F i g u r e   1  i s   a  s i d e   e l e v a t i o n a l   v i e w   of   a  w i r e  

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

p a r t s   o m i t t e d   and  p a r t s   b r o k e n   a w a y ,  

F i g u r e   2  i s   an  e n l a r g e d ,   f r a g m e n t a r y   s e c t i o n a l  



v i e w   t a k e n   on  l i n e   I I - I I   of  F i g u r e   1,  s h o w i n g   t h e   p a r t s  

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

a  k n o t ,  

F i g u r e   3  i s   a  f r a g m e n t a r y   v i e w   s i m i l a r   to   F i g u r e  

2,  s h o w i n g   t h e   p a r t s   as  p o s i t i o n e d   a t   an  i n t e r m e d i a t e  

s t a g e   i n   t h e   f o r m a t i o n   of  a  k n o t ,  

F i g u r e   4  i s   a  v i e w   s i m i l a r   t o   F i g u r e   3,  s h o w i n g  

t h e   p a r t s   as  p o s i t i o n e d   at   a  s t i l l   more   a d v a n c e d   s t a g e  

in   t h e   f o r m a t i o n   o f   a  k n o t ,  

F i g u r e   5  i s   a  f r a g m e n t a r y   v i e w   s i m i l a r   to   F i g u r e  

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

of  t h e   f o r m a t i o n   of  a  k n o t ,  

F i g u r e   6  i s   a  v i e w   s i m i l a r   t o   F i g u r e   5,  s h o w i n g  

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

F i g u r e  7   i s   a  f r a g m e n t a r y   s e c t i o n a l   v i e w   t a k e n  

on  l i n e   V I I - V I I   of  F i g u r e   2 ,  

F i g u r e   8  i s   a  f r a g m e n t a r y   s e c t i o n a l   v i e w   t a k e n  

on  l i n e   V I I I - V I I I   of  F i g u r e   4 ,  

F i g u r e   9  i s   a  f r a g m e n t a r y   s e c t i o n a l   v i e w   t a k e n  

on  l i n e   I X - I X   of  F i g u r e   5 ,  

F i g u r e   10  i s   a  f r a g m e n t a r y   s e c t i o n a l   v i e w   t a k e n  

on  l i n e   X-X  of  F i g u r e   2 ,  

F i g u r e   11  i s   an  e n l a r g e d   f r a g m e n t a r y   s e c t i o n a l  

v i e w   t a k e n   on  l i n e   X I - X I   of  F i g u r e   1  s h o w i n g   e l e m e n t s  

f o r   p e r f o r m i n g   t h e   k n o t   " f i n i s h i n g "   o p e r a t i o n ,   p r i o r  

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



F i g u r e   12  i s   a  f r a g m e n t a r y   v i e w   s i m i l a r   to   F i g u r e  

11,   s h o w i n g   t h e   p a r t s   as  p o s i t i o n e d   at  t h e   c o m p l e t i o n  

of  t h e   k n o t   " f i n i s h i n g "   o p e r a t i o n ,  

F i g u r e   13  i s   a  f r a g m e n t a r y   s e c t i o n a l   v i e w   t a k e n  

on  l i n e   X I I I - X I I I   of  F i g u r e   1 1 ,  

F i g u r e   14  i s   a  s e c t i o n a l   v i e w   t a k e n   on  l i n e   X I V -  

XIV  of  F i g u r e   1 1 ,  

F i g u r e   15  i s   a  s e c t i o n a l   v i e w   t a k e n   on  l i n e   XV- 

XV  of   F i g u r e   1 1 ,  

F i g u r e   16  i s   a  f r a g m e n t a r y   s e c t i o n a l   v i e w   t a k e n  

on  l i n e   XVI-XVI  of   F i g u r e   11,   a n d  

F i g u r e   17  i s   a  v i e w   s i m i l a r   to   F i g u r e   12 ,   s h o w i n g  

t h e   k n o t   o n l y ,   s e p a r a t e d   f r o m   t h e   m a c h i n e .  

L i k e   r e f e r e n c e   n u m e r a l s   a p p l y   to   s i m i l a r   p a r t s  

t h r o u g h o u t   t h e   s e v e r a l   v i e w s .   The  g r i d   s p r i n g   to   b e  

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

p a r a l l e l   s i d e   w i r e s   2  (one   shown)   and  a  s e r i e s   o f  

c l o s e l y   s p a c e d   a p a r t   p a r a l l e l   c r o s s   w i r e s   4  e x t e n d i n g  

t r a n s v e r s e l y   b e t w e e n   s a i d   s i d e   w i r e s   and  k n o t t e d   a t  

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

i n d i c a t e d   g e n e r a l l y   by  t h e   n u m e r a l   6  i n   F i g u r e   1.  S i d e  

w i r e s   2  a r e   u s u a l l y   e a c h   p r o v i d e d   w i t h   a  s h e a t h   8  ( s e e  

F i g u r e   6)  of  t w i s t e d   p a p e r   or   o t h e r   s o f t ,   i n d e n t a b l e  

m a t e r i a l ,   and  a r e   o f t e n   r e f e r r e d   to   as  " r o p e s "   b e c a u s e  

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

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

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

r e l a t i v e l y   l i g h t .   The  g r i d   i s   i l l u s t r a t e d   as  b e i n g  

f o r m e d   i n   a  h o r i z o n t a l   p l a n e .   D u r i n g   t h e   g r i d   f o r m a t i o n ,  



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

c u r r e n t l y   to   t h e   l e f t   as  v i e w e d   i n   F i g u r e   1,  i n   t h e  

d i r e c t i o n   of   a r r o w   10,   w h i c h   w i l l   b e  t e r m e d   t h e   " f o r -  

w a r d "   d i r e c t i o n .   They  a r e   a d v a n c e d   w i t h   an  i n t e r m i t t e n t  

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

d e s i r e d   s p a c i n g   b e t w e e n   s u c c e s s i v e   c r o s s   w i r e s   4,  b y  

any  s u i t a b l e   m e c h a n i s m ,   n o t   shown  as  f o r m i n g   no  i n -  

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

s t o o d   i n   t h e   a r t .   Each  t i m e   t h e   s i d e   w i r e s   come  t o  

r e s t ,   a  c r o s s   w i r e   4  i s   k n o t t e d   t h e r e a b o u t   by  t h e   k n o t -  

t i n g   m a c h i n e   6.  The  k n o t t i n g   m a c h i n e   shown  i s   f o r   f o r m -  

i n g   t h e   k n o t s   at  t h e   r i g h t  s i d e   w i r e   2,  as  v i e w e d   w h e n  

f a c i n g   f o r w a r d l y ,   and  i t   w i l l   be  u n d e r s t o o d   t h a t   t h e  

k n o t s   a t   t h e   l e f t   s i d e   w i r e   a r e   f o r m e d   by  a  s i m i l a r  

b u t   r e v e r s e d   m a c h i n e .  

R e f e r r i n g   to   F i g u r e   2,  i t   w i l l   be  s e e n   t h a t   w i r e  

f o r   c r o s s   w i r e s   4  may  be  f e d   f r o m   a  r e e l   s o u r c e ,   n o t  

shown ,   t h r o u g h   a  t u b u l a r   g u i d e   12  c a r r i e d   by  a  b r a c k e t  

14  a f f i x e d   to   m a c h i n e   f r a m e   16,   by  any  s u i t a b l e   m e a n s ,  
n o t   shown .   The  w i r e   e m e r g e s   f r o m   g u i d e   12  a t   a  d i s -  

t a n c e   o u t s i d e   of  s i d e   w i r e   2  s u c h   as  to   p r o v i d e   a  w i r e  

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

k n o t ,   t h e n   p a s s e s   t r a n s v e r s e l y   j u s t   b e l o w   s a i d   s i d e  

w i r e ,   t h e n   t h r o u g h   a  g u i d e   18  w h i c h   s t a r t s   i n   i n w a r d l y  

s p a c e d   r e l a t i o n   f r o m   r i g h t   s i d e   w i r e   2  and  e x t e n d s   t o  

a  s i m i l a r   r e l a t i o n   to   t h e   l e f t   s i d e   w i r e ,   to   e x t e n d   o u t -  

w a r d l y   b e n e a t h   t h e   l e f t   s i d e   w i r e   a t   l e a s t   as  f a r   a s  

g u i d e   12  i s   s p a c e d   o u t w a r d l y ,   f r o m   t h e   r i g h t   s i d e   w i r e .  

As  d e t a i l e d   i n   F i g u r e   10,   g u i d e   18  c o n s i s t s   of  a  f i x e d  

p o r t i o n   20  and   a  v e r t i c a l l y   m o v a b l e   p o r t i o n   22,   t h e  

p o r t i o n s   n o r m a l l y   c o o p e r a t i n g   to   f o r m   a  t u n n e l   2 4  

t h r o u g h   w h i c h   w i r e   4  may  be  a d v a n c e d .   M o v a b l e   p o r t i o n  

22  may  be  e l e v a t e d   u p w a r d l y   as  i n d i c a t e d   by  a r r o w   26  i n  

F i g u r e   10 ,   w h e r e b y   t h e   h o l d e r   i s   o p e n e d   and  w i r e   4  m a y  
e x i t   t r a n s v e r s e l y   f o r w a r d l y   f r o m   t h e   h o l d e r ,   as  i n d i c a t e d  



by  a r r o w   28,   as  w i l l   a p p e a r .   M o v a b l e   g u i d e   p o r t i o n   2 2  

i s   l i f t e d   by  a  r o d   30  ( s e e   F i g u r e   2)  a t   t h e   p r o p e r   t i m e s ,  

as  w i l l   a p p e a r .  

As  a  f i r s t   s t e p   i n   t h e   k n o t t i n g   p r o c e s s ,   a  w i r e  

c u t t e r   b l a d e   32  i s   a c t u a t e d   to   s e v e r   t h e   w i r e   a t   t h e  

end  of   g u i d e   12,  t h e   n o r m a l   p o s i t i o n   of   t h e   b l a d e   b e i n g  

shown  i n   F i g u r e s   2  and  4,   and  i t s   p o s i t i o n ,   when  a c t u -  

a t e d   b e i n g   shown  i n   F i g u r e   3.  The  p o r t i o n   of  t h e   c r o s s  
w i r e   o u t s i d e   of  t h e   s i d e   w i r e   w i l l   be  d e n o t e d   i t s   " e n d  

p o r t i o n "   4A,  and  t h e   p o r t i o n   t h e r e o f   b e t w e e n   t h e   s i d e  

w i r e s   w i l l   be  d e n o t e d   i t s   " s t a n d i n g   p o r t i o n "   4 B .  

D i s p o s e d   j u s t   b e h i n d   w i r e   4,  b e t w e e n   g u i d e s   1 2  

and  18,   i s   a  d r i v e r   member   34  c o n s t i t u t i n g   a  t u b u l a r  

s h a f t   w h i c h   i s   h o r i z o n t a l   and  e x t e n d s   f o r w a r d l y   a n d  

r e a r w a r d l y   at   r i g h t   a n g l e s   to   w i r e   4,  and  t h r o u g h   t h e  

c e n t r a l   b o r e   of   w h i c h   s i d e   w i r e   2  i s   a d v a n c e d   to   p a s s  

j u s t   a b o v e   c r o s s   w i r e   4.  The  r e a r w a r d   p o r t i o n   of   t h e  

d r i v e r   i s   c a r r i e d   r o t a t a b l y   i n   a  c a r r i e r   36,   w h i c h   i n  

t u r n   i s   m o u n t e d   f o r   f o r w a r d   and  r e a r w a r d   s l i d i n g   m o v e -  

men t   i n   m a c h i n e   f r a m e   16,   as  by  a  s l i d i n g   d o v e t a i l   c o n -  
n e c t i o n   38.   C a r r i e r   36  i s   b i a s e d   f o r w a r d l y   by  a  f r a m e -  

b a s e d   s p r i n g   40  ( s e e   F i g u r e   1)  to   u r g e   a  t r a n s v e r s e   p i n  

42  t h e r e o f   a g a i n s t   a  l e v e r   44 .   S a i d   l e v e r   i s   c a r r i e d  

p i v o t a l l y   by  m a c h i n e   f r a m e   16,   and  i s   p i v o t a l l y   d r i v e n  

w i t h   a  r e c i p r o c a l   m o t i o n   to   c o o p e r a t e   w i t h   s p r i n g   4 0  

to  move  c a r r i e r   36  and  d r i v e r   34  b e t w e e n   a  f o r w a r d  

p o s i t i o n   i n   w h i c h   t h e   f o r w a r d   end  of   t h e   d r i v e r   s u b s t a n -  

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

w h i c h   t h e   f o r w a r d   end  of   t h e   d r i v e r   i s   s p a c e d   r e a r w a r d l y  

of   w i r e   4  by  a  d i s t a n c e   s l i g h t l y   g r e a t e r   t h a n   t h e   d i a -  

m e t e r   of  t h e   c r o s s   w i r e .   D r i v e r   34  i s   t u r n e d   o s c i l l a -  

t a b l y   by  a  p i n i o n   g e a r   46  ( F i g u r e   1)  f i x e d   on  i t s   r e a r -  

w a r d   end ,   w h i c h   i s   e n g a g e d   by  a  g e a r   s e g m e n t   48  c a r r i e d  

by  an  o s c i l l a t a b l e   arm  50  w h i c h   i t   w i l l   be  u n d e r s t o o d   i s  



p i v o t e d   on  m a c h i n e   f r a m e   16 ,   and  d r i v e n   by  means   to   b e  

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

f u l l   r e v o l u t i o n .   At  i t s   f o r w a r d   end ,   d r i v e r   34  i s   p r o -  
v i d e d   w i t h   a  f o r w a r d   e x t e n s i o n   52,  p r o j e c t i n g   a p p r o x -  

i m a t e l y   t h e   d i a m e t e r   of  w i r e   4,  and  b e i n g   e c c e n t r i c   t o  

t h e   d r i v e r   a x i s   and  n o r m a l l y   p r o j e c t i n g   f o r w a r d l y   b e -  

n e a t h   w i r e   4,   as  i n   F i g u r e   1 .  

I n   t h e   n e x t   s t e p   of  t h e   k n o t t i n g   p r o c e s s ,   d r i v e r  

34  i s   t u r n e d   i n   t h e   d i r e c t i o n   of  a r r o w   54  i n   F i g u r e s  

2  -   5,  by  o p e r a t i o n   of  g e a r   m e m b e r s   4 6 - 4 8 ,   j u s t   a f t e r  

w i r e   4  h a s   b e e n   s e v e r e d   by  b l a d e   32  as  i n   F i g u r e   3 .  

D u r i n g   t h i s   t u r n i n g   of   t h e   d r i v e r ,   i t s   e x t e n s i o n   5 2  

f i r s t   e n g a g e s   end  p o r t i o n   4A  of   w i r e   4,  and  b e n d s   i t  

a r o u n d   s i d e   w i r e   2,  as  i n d i c a t e d   at   53,  t i l l   i t   o v e r -  

l i e s   s t a n d i n g   p o r t i o n   4B  of  w i r e   4,  as  i n   F i g u r e   4 .  

-  D u r i n g   t h i s   p o r t i o n   of   t h e   d r i v e r   r o t a t i o n ,   s a i d   d r i v e r  

i s   a l s o   r e t r a c t e d   r e a r w a r d l y   a g a i n s t   s p r i n g   40  by  l e v e r  

44 ,   so  t h a t   by  t h e   t i m e   t h e   F i g u r e   4  p o s i t i o n   i s   r e a c h e d ,  

t h e   f r e e   end  p o r t i o n   4A  of   t h e   w i r e   w i l l   be  d i s p o s e d  

j u s t   b e h i n d   s t a n d i n g   p o r t i o n   4B,  as  b e s t   shown  i n   F i g u r e  

8.  The  l e a d i n g   edge   of   d r i v e r   e x t e n s i o n   52  i s   u n d e r c u t  

as  i n d i c a t e d   a t   56  i n   F i g u r e   1,  and  w i r e   end  4A  r e s t s  

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

of  e n g a g e m e n t   w i t h   t h e   e x t e n s i o n   d u r i n g   t h e   t u r n i n g  

and  r e a r w a r d   r e t r a c t i o n   o f   t h e   d r i v e r .   T h u s ,   as  t h e  

r o t a t i o n   of   d r i v e r   34  c o n t i n u e s ,   to   t h e   p o s i t i o n   s h o w n  

i n   F i g u r e s   5  and  9,  t h e   e x t r e m e   end  p o r t i o n   of  w i r e   e n d  

4A,  w h i c h   p r o j e c t s   o u t w a r d l y   f r o m   d r i v e r   e x t e n s i o n   5 2 ,  

i s   l e a d   d o w n w a r d l y   b e h i n d   s t a n d i n g   w i r e   p o r t i o n   4 B ,  

and  t h e n   f o r m e d   to   b e n d   f o r w a r d l y   and  u p w a r d l y   u n d e r  

w i r e   p o r t i o n   4B  by  an  a n v i l   5 8 .  

A n v i l   58  h a s   t h e   f o r m   of  an  u p w a r d l y   p r o j e c t i n g  

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

of   s i d e   w i r e   2,  and  i s   u p w a r d l y   c o n c a v e ,   as  at   60 ,   a b o u t  



an  a x i s   of  c u r v a t u r e   a t   r i g h t   a n g l e s   to   t h e   s i d e   w i r e .  

S a i d   c o n c a v i t y   e x t e n d s   f r o m   a b o u t   t h e   p l a n e   of  t h e   f o r -  

w a r d   end  of   t h e   d r i v e r ,   f o r w a r d l y   b e n e a t h   s t a n d i n g  

p o r t i o n   4B  of  t h e   w i r e .   Thus   as  w i r e   end  4A  i s   p r e s s e d  

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

b e n d   f o r w a r d l y   b e n e a t h   w i r e   s e c t i o n   4B,  as  b e s t   s h o w n  

in   F i g u r e   9  to  f o r m   a  hook   b e n d   62  e n g a g e d   b e l o w   w i r e  

4B.  R e f e r r i n g   to   F i g u r e s   1  and  2,  i t   w i l l   be  s e e n   t h a t  

t h e   l o w e r   end  of  t h e   f i n g e r   c o n s t i t u t i n g   a n v i l   58  i s  

c o n n e c t e d   to   a  b r a c k e t   64  by  a  b o l t   66  in   a  m a n n e r   t o  

p e r m i t   v e r t i c a l   a d j u s t m e n t   of  t h e   a n v i l ,   and  t h e   b r a c k e t  

64  i s   a f f i x e d   t o   a  s e c o n d   b r a c k e t   68  by  a  b o l t   70  i n   a  

m a n n e r   t o   p e r m i t   a d j u s t m e n t   of  t h e   a n v i l   t r a n s v e r s e l y  

to  s i d e   w i r e   2,  so  t h a t   t h e   a n v i l   may  be  a c c u r a t e l y  

a d j u s t e d   d e p e n d i n g   on  t h e   w i r e   d i a m e t e r   and  r e s i l i e n c e ,  

as  w e l l   as  o t h e r   v a r i a b l e   f a c t o r s .   I t   w i l l   be  u n d e r -  

s t o o d   t h a t   b r a c k e t   68  i s   a f f i x e d   to   m a c h i n e   f r a m e   1 6 .  

When  d r i v e r   34  r e a c h e s   t h e   p o s i t i o n   shown  i n  

F i g u r e s   5  and  9,  t h e   k n o t   i s   s u b s t a n t i a l l y   c o m p l e t e ,  

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

a  d i r e c t i o n   o p p o s i t e   to   a r r o w s   54  by  i t s   g e a r s   4 6 - 4 8 ,  

and  r e t u r n e d   f o r w a r d l y   by  s p r i n g   40 ,   p r e p a r a t o r y   t o  

r e c e i v i n g   t h e   n e x t   c r o s s   w i r e   a f t e r   s i d e   w i r e s   2  h a v e  

a d v a n c e d   f o r w a r d l y   one  more   s t e p ,   g u i d e   18  o p e n i n g   a t  

t h i s   t i m e   to   p e r m i t   f o r w a r d   m o v e m e n t   of  t h e   k n o t t e d  

c r o s s   w i r e .   Due  t o   t h e   r e s i l i e n c e   of  t h e   c r o s s   w i r e ,  

i t   w i l l   r e b o u n d   f r o m   t h e   F i g u r e   5  p o s i t i o n   when  r e -  

l e a s e d   by  t h e   d r i v e r ,   r e c o v e r i n g   f o r   e x a m p l e   to   t h e  

p o s i t i o n   shown  i n   F i g u r e   6,  b r i n g i n g   h o o k   62  i n t o   e n -  

g a g e m e n t   w i t h   s t a n d i n g   w i r e   p o r t i o n   4B,  o r   n e a r l y   s o .  

A l t h o u g h   n o t   s p e c i f i c a l l y   i l l u s t r a t e d ,   i t   w i l l   be  u n d e r -  

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

t h e   m e a n s   f o r   i n t e r m i t t e n t l y   a d v a n c i n g   s i d e   w i r e s   2 ,  

t h e   m e a n s   f o r   a d v a n c i n g   c r o s s   w i r e s   4  i n t o   p o s i t i o n ,  

t h e   m e a n s   f o r   a c t u a t i n g   w i r e   k n i f e   32,  t h e   m e a n s   f o r  



o p e r a t i n g   d r i v e r   r o t a t i n g   g e a r s   4 6 - 4 8 ,   t h e   means   f o r  

o p e r a t i n g   d r i v e r   r e t r a c t o r   l e v e r   44 ,   and  t h e   means   f o r  

o p e r a t i n g   l i f t e r   30  to  o p e n   and  c l o s e   g u i d e   18,  a r e   a l l  

a c c u r a t e l y   s y n c h r o n i z e d   i n   o r d e r   t h a t   a l l   of  t h e   d e s -  

c r i b e d   o p e r a t i o n s   o c c u r   at  t h e   p r o p e r   m o m e n t s .   T h i s  

may  be  d o n e ,   f o r   e x a m p l e ,   by  d r i v i n g   a l l   of   t h e   e n u m -  

e r a t e d   d e v i c e s   f r o m   cams  on  a  common  cam  s h a f t ,   so  t h a t  

s l i g h t   a d j u s t m e n t s   of  t h e   cams  w i l l   p r o p e r l y   s y n c h r o n i z e  

a l l   f u n c t i o n s .   T h i s   i s   c o n s i d e r e d   to   be  w e l l   w i t h i n   t h e  

known  s c o p e   of   t h e   a r t .  

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

m a c h i n e   s u b s t a n t i a l l y   as  shown ,   e x c e p t   t h a t   i t   d i d   n o t  

i n c l u d e   a n v i l   58  w h i c h   i s   t h e   p r i n c i p a l   f e a t u r e   of   t h e  

p r e s e n t   i n v e n t i o n ,   b u t   f o r m e d   t h e   hook   b e n d   62  by  a  

s e p a r a t e   m e c h a n i c a l   m e a n s   w h i c h   h a d   to   be  a c t u a t e d  

o n l y   a f t e r   b e n d   53  of  t h e   c r o s s   w i r e   a r o u n d   t h e   s i d e  

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

u s e d   f o r   many  y e a r s   and  h a s   c o n s i s t e n t l y   f u n c t i o n e d  

to   i n s e r t   and  k n o t   a b o u t   150  c r o s s   w i r e s   p e r   m i n u t e ,  

t h e   p r e c i s e   r a t e   d e p e n d i n g   on  t h e   w i d t h   of  t h e   s p r i n g  

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

t i m e   r e q u i r e d   t o   s h o o t   t h e   c r o s s   w i r e s   i n t o   p o s i t i o n .  

H o w e v e r ,   w i t h   t h e   u s e   of  a n v i l   58,   w h i c h   p r o v i d e s   t h a t  

b o t h   t h e   b e n d   53  of   t h e   c r o s s   w i r e   a b o u t   t h e   s i d e   w i r e ,  

and  a l s o   t h e   f o r m a t i o n   of  hook   62,   a r e   a c c o m p l i s h e d   i n  

a  s i n g l e   m o t i o n   of   d r i v e r   34 ,   p r o v i d e s   a  p r o d u c t i o n   r a t e  

of  a b o u t   300  c r o s s   w i r e s   p e r   m i n u t e .   T h i s   i s   an  e x -  

t r e m e l y   i m p o r t a n t   f e a t u r e   f r o m   t h e   v i e w p o i n t   of  p r o -  
d u c t i o n   e c o n o m y .  

The  k n o t   f o r m e d   as  t h u s   f a r   d e s c r i b e d ,   and  a s  

shown  in   F i g u r e   6,  i s   a  c o m p l e t e   k n o t   and  p r o v i d e s  a  

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

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

be  t o t a l l y   e n c l o s e d   i n   an  e v e n t u a l   u p h o l s t e r y   s t r u c t u r e .  



H o w e v e r ,   a  k n o t   of   t h i s   f o rm  d o e s   l e a v e   t h e   c u t   raw  e n d s  

of   t h e   c r o s s   w i r e s   p r o j e c t i n g   and  e x p o s e d ,   so  t h a t   t h e y  

c o u l d   s n a g   a n y t h i n g   t h e y   c o n t a c t ,   t h u s   d o i n g   damage   o r  

i n f l i c t i n g   i n j u r y ,   and  t h u s   w o u l d   be  o b j e c t i o n a b l e   i n  

c e r t a i n   o t h e r   u s e s ,   s u c h   f o r   e x a m p l e   as  when  t h e   s p r i n g  

g r i d ,   e i t h e r   b a r e   or   p l a s t i c - c o a t e d ,   i s   to   be  e x p o s e d  

and  u s e d   to   s u p p o r t   f r e e   c u s h i o n s   or   t h e   l i k e .  

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

F i g u r e   6  k n o t ,   an  o p t i o n a l   k n o t   " f i n i s h e r "   may  be  u s e d ,  

and  i s   shown  i n   F i g u r e s   1 1  -   17.   The  f i n i s h e r   c o m p r i s e s  

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

f i n g e r   72  and  a  r a d i a l   arm  74.   A n v i l   f i n g e r   72  e x t e n d s  

t r a n s v e r s e l y   to   s i d e   w i r e   2,  a t   t h e   l e v e l   t h e r e o f ,   f o r -  

w a r d l y   of   t h e   p o s i t i o n   a t   w h i c h   a  c r o s s   w i r e   4  i s   b e i n g  

k n o t t e d   a b o u t   s a i d   s i d e   w i r e ,   by  a  d i s t a n c e   e q u a l   t o  

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

S a i d   a n v i l   f i n g e r   o v e r l i e s   t h e   s i d e   w i r e   at   i t s   i n n e r  

end  p o r t i o n ,   and  i s   a f f i x e d   at   i t s   o u t e r   end ,   by  a  

s c r e w   76,   to   a  b r a c k e t   78  w h i c h   i t   w i l l   be  u n d e r s t o o d  

i s   a f f i x e d   to   m a c h i n e   f r a m e   16.   S a i d   a n v i l   i s   p r o v i d e d  

at  i t s   l o w e r   s i d e   w i t h   a  n o t c h   80  t h r o u g h   w h i c h   s i d e  

w i r e   2  may  a d v a n c e   l o n g i t u d i n a l l y .   S a i d   n o t c h   p r o v i d e s  

a  r o u n d e d   c o r n e r   82  w h i c h   when  t h e   s i d e   w i r e   i s   e n g a g e d  

t h e r e i n ,   b r a c e s   s a i d   w i r e   a g a i n s t   u p w a r d   or  o u t w a r d   m o v e -  
m e n t .   The  n o t c h   i s   e n l a r g e d   at  i t s   f o r w a r d   end  to   p r e -  
s e n t   a  f o r w a r d l y   f a c i n g   s h o u l d e r   84 ,   i n t e r m e d i a t e   i t s  

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

t h e   b e n d   53  of  t h e   j u s t   p r e v i o u s l y   k n o t t e d   c r o s s   w i r e  

4  a b o u t   t h e   s i d e   w i r e ,   w i t h   s h o u l d e r   84  t h e n   b r a c i n g  

t h e   b e n d   of   w i r e   4  a g a i n s t   r e a r w a r d   m o v e m e n t .   O b v i o u s l y ,  

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

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

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

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

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



f o r w a r d l y   a t   i t s   l o w e r   r e a r w a r d   p o r t i o n   as  i n d i c a t e d  

at  86 ,   and  as  b e s t   shown  i n   F i g u r e s   13  and  14.   As  t h e  

s i d e   w i r e   a d v a n c e s ,   c r o s s   w i r e   4  i m m e d i a t e l y   a d j a c e n t  

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

w a r d l y ,   t o g e t h e r   w i t h   t h e   s i d e   w i r e ,   u n t i l   j u s t   as  t h e  

s i d e   w i r e   comes   to   r e s t ,   i t   s n a p s   u p w a r d l y   to   e n g a g e  
t h e   k n o t   i n   t h e   e n l a r g e d   p o r t i o n   of  n o t c h   80 ,   as  w i r e  

4  s n a p s   up  i n   f r o n t   o f   a  f o r w a r d l y   f a c i n g   s h o u l d e r   8 8  

of  t h e   a n v i l .   As  w i r e   4  moves   f o r w a r d l y   u n d e r   b e v e l  

8 6 ,  i t s   e x t r e m e   end  p o r t i o n   a t   t h e   c u t   end  t h e r e o f ,  

w h i c h   may  e x t e n d   a b o v e   t h e s t a n d i n g   p o r t i o n   4B  t h e r e o f  

as  shown  i n   F i g u r e   11,   i s   a c c o m m o d a t e d   i n   a  f o r w a r d l y  

and  r e a r w a r d l y   e x t e n d i n g   g r o o v e   90  f o r m e d   i n   t h e   l o w e r  

s u r f a c e   o f   t h e   a n v i l .  T h e   p a r t s   w i l l   t h e n   h a v e   t h e   p o s i -  

t i o n s   shown  i n   F i g u r e s   11  and  1 3  -   16 .   The  e n l a r g e d  

f o r w a r d   p o r t i o n   of   n o t c h   80,   and  a l s o   s h o u l d e r   88,   o p e n  

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

t h a t   t h e   w i r e   k n o t   may  e m e r g e   f r e e l y   t h e r e f r o m   when  t h e  

s i d e   w i r e   n e x t   a d v a n c e s .   Arm  74  i s   a f f i x e d   to   and  e x -  

t e n d s   r a d i a l l y   f r o m   a  h o r i z o n t a l   s h a f t   92  p a r a l l e l   t o  

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

t i o n   t h e r e f r o m .   S a i d   s h a f t   i s   c a r r i e d   by  b e a r i n g s   9 4  

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

16 .   At  t h e   r e a r w a r d   end  of   s a i d   s h a f t ,   t h e r e   i s   a f f i x e d  

t h e r e t o   a  c r a n k   96  by  means   of   w h i c h   arm  74  may  be  a n g -  
u l a r l y   o s c i l l a t e d ,   b e i n g   t u r n e d   i n   one  d i r e c t i o n   by  s a i d  

c r a n k ,   and  r e t u r n e d   i n   t h e   o p p o s i t e   d i r e c t i o n   by  a  t o r -  

s i o n   s p r i n g   98  s u r r o u n d i n g   s h a f t   92,   b e i n g   a n c h o r e d   a t  

one  end  i n   one  of   b e a r i n g s   94 ,   and  a t   i t s   o p p o s i t e   e n d  

in   t h e   hub  of   arm  7 4 .  

Arm  74  i s   g e n e r a l l y   p l a n a r   i n   a  p l a n e   n o r m a l   t o  

s i d e   w i r e   2,  and  i t s   n o r m a l   or   " r e t u r n e d "   p o s i t i o n   i s  

b e s t   shown  i n   F i g u r e   11,   w i t h   an  edge   s u r f a c e   100  t h e r e -  

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

t h e r e f r o m   by  s u c h   a  d i s t a n c e   t h a t   t h e   arm  d o e s   n o t   i n t e r -  



f e r e   w i t h   f o r w a r d   m o v e m e n t   of  t h e   s i d e   or  c r o s s   w i r e s .  

The  r e a r w a r d   s u r f a c e   102  of  t h e   arm  i s   p l a n a r   and  v e r t -  

i c a l ,   and  c o p l a n a r   w i t h   t h e   s h o u l d e r   88  of  t h e   a n v i l  

f i n g e r ,   e x c e p t   t h a t   t h e   u p p e r   p o r t i o n   of  t h e   r e a r   s u r f a c e  

of  s a i d   f i n g e r   i s   c u t   away,   as  i n d i c a t e d   by  s h o u l d e r   1 0 4  

( s e e   F i g u r e   13)   to   p r o v i d e   a  v e r t i c a l   s u r f a c e   106  s p a c e d  

a p a r t   f r o m   f i n g e r   s h o u l d e r   88  by  a  d i s t a n c e   s l i g h t l y  

g r e a t e r   t h a n   t h e   d i a m e t e r   of   w i r e   4.   Then ,   when  a r m  

74  i s   t u r n e d   by  o p e r a t i o n   of  c r a n k   96  f r o m   t h e   p o s i t i o n  

shown  i n   F i g u r e   11  to   t h a t   shown  i n   F i g u r e   12  i t   e m b r a c e s  

and  t r a p s   s t a n d i n g   p o r t i o n   4B  of  w i r e   4  b e t w e e n   s h o u l d e r  

88  of   t h e   f i n g e r   and  s u r f a c e   106  of  t h e   arm,  and  e d g e  

s u r f a c e   100  of  t h e   arm  e n g a g e s   f i r s t   t h e   b e n d   62  o f  

w i r e   end  4A,  and  t h e n   p r e s s e s   a l l   of  s a i d   w i r e   e n d  

a g a i n s t   t h e   s i d e   w i r e ,   a l s o   as  shown  i n   F i g u r e   12.   T h i s  

" f i n i s h e s "   t h e   k n o t   by  m o v i n g   b e n d   62  of  w i r e   p o r t i o n  

4A,  and  a l s o   t h e   raw  c u t   end  of   t h e   w i r e   c l o s e l y   a d j a -  

c e n t   s i d e   w i r e   2,  so  t h a t   s a i d   raw  end  i s   s h i e l d e d ,  

and  i s   f a r   l e s s   l i k e l y   t o   s n a g   l a y e r s   of  u p h o l s t e r y  

c l o t h   a p p l i e d   t h e r e o v e r ,   or  to   i n f l i c t   i n j u r y .   T h e  

w i r e   end  4A  r e b o u n d s   r e s i l i e n t l y   to   some  d e g r e e   w h e n  

r e l e a s e d   f r o m   b e t w e e n   f i n g e r   72  and  arm  74  by  t h e   r e -  

t u r n   of   arm  74  to   i t s   F i g u r e   11  p o s i t i o n ,   as  shown  i n  

F i g u r e   17.   A l s o ,   t h e   c u t   end  of  t h e   w i r e   may  be  p r e s s e d  

i n t o   t h e   s o f t   s h e a t h   8  of   t h e   s i d e   w i r e ,   f o r   s t i l l   b e t t e r  

s h i e l d i n g .   I t   w i l l   be  u n d e r s t o o d   t h a t   c r a n k   96  i s  

p o w e r e d   f r o m   t h e   same  common  cam  s h a f t ,   or  o t h e r   c o m m o n  

d r i v e   m e a n s ,   as  i s   d r i v e r   34  w h i c h   i n i t i a l l y   f o r m s   t h e  

k n o t ,   and  w i t h   t h e   m e a n s   f o r   a d v a n c i n g   t h e   s i d e   w i r e s  

i n t e r m i t t e n t l y ,   so  as  t o   r e m a i n   p r o p e r l y   s y n c h r o n i z e d  

t h e r e w i t h .  

The  o p e r a t i o n   of  t h e   m a c h i n e   i s   b e l i e v e d   to   h a v e  

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

g o i n g   d e s c r i p t i o n   of  i t s   c o n s t r u c t i o n .   I t   " k n o t s "   t h e  

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



m a c h i n e .   The  p r i m a r y   f e a t u r e   c o n t r i b u t i n g   to   t h i s   s p e e d  

i s   of   c o u r s e   t h a t   a  s i n g l e   t u r n   of  d r i v e r   34  b o t h   b e n d s  

w i r e   4  a r o u n d   s i d e   w i r e   2  a t   53,  and  a l s o   f o r m s   b e n d  

62  of   w i r e   end  p o r t i o n   4 A '  a b o u t   s t a n d i n g   p o r t i o n   4 B .  

H e r e t o f o r e   i t   h a s   b e e n   c o n s i d e r e d   n e c e s s a r y   to   m a k e  

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

t h e   p r o d u c t i o n   r a t e   of  t h e   m a c h i n e .   T h i s   i m p r o v e m e n t  

i s   a c c o m p l i s h e d   p r i n c i p a l l y ,   as  c o m p a r e d   to   p r e v i o u s  

m a c h i n e s ,   by  r e m o v i n g   any  p r e v i o u s l y   u s e d   m e c h a n i s m  

f o r   f o r m i n g   b e n d   62,   and  s u b s t i t u t i n g   t h e r e f o r e   t h e  

s p e c i a l l y   f o r m e d   a n v i l   58,  w h i c h   f u n c t i o n s   to   f o r m   b e n d  

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

m o v e m e n t   of   c r o s s   w i r e   4  a r o u n d   s i d e   w i r e   2.  The  i n -  

c r e a s e   of   t h e   p r o d u c t i o n   r a t e   of  t h e   m a c h i n e   t h u s   p r o -  
v i d e d   i s   r a t h e r   s t a r t l i n g .   The  k n o t   " f i n i s h i n g "   o p e r a -  
t i o n   p r o v i d e d   by  f i n g e r   72  and  arm  74  i s   of   c o u r s e   a  

s e p a r a t e   o p e r a t i o n   r e q u i r i n g   a  f i n i t e   t i m e   i n t e r v a l  

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

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

w i r e s ,   s i m u l t a n e o u s l y   w i t h   t h e   i n i t i a l   f o r m a t i o n   o f  

t h e   n e x t   f o l l o w i n g   k n o t   by  d r i v e r   34.  I t   s h o u l d   a l s o  

be  k e p t   i n   m i n d   t h a t   f o r   many  u s e s   of   t h e   s p r i n g   g r i d  

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

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

o p t i o n a l   e q u i p m e n t .  

W h i l e   we  h a v e   shown  and  d e s c r i b e d   a  s p e c i f i c  

e m b o d i m e n t   of   o u r   i n v e n t i o n ,   i t   w i l l   be  r e a d i l y   a p p a r e n t  

t h a t   many  m i n o r   c h a n g e s   of   s t r u c t u r e   and   o p e r a t i o n  

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

i n v e n t i o n   as  d e f i n e d   i n   t h e   a p p e n d e d   C l a i m s .  



1.  A  w i r e   k n o t t i n g   m a c h i n e   f o r   s e c u r i n g   a  f i r s t   w i r e  

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

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

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

p o r t i o n   of   s a i d   f i r s t   w i r e   e x t e n d i n g   i n   one  d i r e c t i o n  

f r o m   s a i d   s e c o n d   w i r e   and  a  r e l a t i v e l y   s h o r t   end  p o r -  
t i o n   of  s a i d   f i r s t   w i r e   e x t e n d i n g   i n   t h e   o p p o s i t e  

d i r e c t i o n   f r o m   s a i d   s e c o n d   w i r e ;   a  d r i v e r   member   r o t a -  

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

e x t e n s i o n   p a r a l l e l   b u t   e c c e n t r i c   to   i t s   a x i s   and  n o r -  

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

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

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

m o t i o n ,   w h e r e b y   d u r i n g   t h e   m o t i o n   t h e r e o f   i n   one  d i r e c -  

t i o n ,   t h e   e x t e n s i o n   t h e r e o f   e n g a g e s   t h e   end  p o r t i o n   o f  

s a i d   f i r s t   w i r e   and  b e n d s   i t   a r o u n d   s a i d   s e c o n d   w i r e  

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

s a i d   end  p o r t i o n   of   s a i d   f i r s t   w i r e   a r o u n d   s a i d   s t a n d i n g  

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

p r i s e s   a  f i x e d   a n v i l   ( 5 8 )   h a v i n g   an  a r c u a t e   c o n c a v i t y  

(60)   w h i c h   h a s   an  a x i s   of   c u r v a t u r e   g e n e r a l l y   p a r a l l e l  

to   t h e   f i r s t   w i r e   ( 4 ) ,   and  c u r v e d   a b o u t   s a i d   f i r s t  

w i r e   s t a n d i n g   p o r t i o n   ( 4 B ) ,   i n   s p a c e d   a p a r t   r e l a t i o n  

t h e r e f r o m ,   a t   t h e   s i d e   t h e r e o f   o p p o s i t e   to   t h a t   t o w a r d  

w h i c h   t h e   end  p o r t i o n   ( 4   t h e r e o f   i s   moved  by  s a i d  

d r i v e r   member   ( 3 4 ) ,   s a i d  a n v i l   b e i n g   d i s p o s e d   so  a s  
to   be  e n g a g e d   by  t h e   p a r t   of  t h e   end  p o r t i o n   of   s a i d  

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

g a g e m e n t   by  s a i d   d r i v e r   e x t e n s i o n   ( 5 2 ) ,   and  t h a t   s a i d  

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

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

w i r e   end  p o r t i o n   i s   b e n t   a r o u n d   t h e   s t a n d i n g   p o r t i o n  

t h e r e o f   at   t h e   s i d e   t h e r e o f   o p p o s i t e   to   t h e   d i r e c t i o n  

i t   was  c a u s e d  b y   s a i d   d r i v e r   to   a p p r o a c h   s a i d   s t a n d i n g  



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

s a i d   d r i v e r ,   b o t h   t h e   b e n d   of   t h e   f i r s t   w i r e   a b o u t   t h e  

s e c o n d   w i r e   ( 2 ) ,   and  t h e   b e n d   of  i t s   end  p o r t i o n   a b o u t  

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

s i n g l e   m o t i o n   of  s a i d   d r i v e r   member   in   one  d i r e c t i o n ,  

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

p o s i t i o n .  

2.  A  w i r e   k n o t t i n g   m a c h i n e   a c c o r d i n g   to   C l a i m   1 ,  

c h a r a c t e r i s e d   i n   t h a t   s a i d   d r i v e r   e x t e n s i o n   (52)   i s  

so  c o n f i g u r a t e d   t h a t   when  i n   e n g a g e m e n t   w i t h   t h e   e n d  

p o r t i o n   (4A)  of   s a i d   f i r s t   w i r e ,   i t   p r e v e n t s   l a t e r a l  

e s c a p e   of  s a i d   w i r e   end  p o r t i o n   t h e r e f r o m   i n   a  d i r e c -  

t i o n   p a r a l l e l   to   s a i d   s e c o n d   w i r e   ( 2 ) ,   and  t h a t   s a i d  

m a c h i n e   i n c l u d e s   m e a n s   (44)   o p e r a b l e   d u r i n g   t h e   r o t a -  

t i o n   of  s a i d   d r i v e r   (34 )   i n   s a i d   one  d i r e c t i o n   to   r e -  

t r a c t   s a i d   d r i v e r   and  e x t e n s i o n   i n   a  d i r e c t i o n   p a r a l l e l  

to   t h e   d r i v e r   a x i s ,   by  a  d i s t a n c e   a t   l e a s t   as  g r e a t   a s  

t h e   d i a m e t e r   of  s a i d   f i r s t   w i r e   ( 4 ) ,   w h e r e b y   t h e   e x t r e m e  

end  (4A)  of   t h e   f i r s t   w i r e   i s   c a u s e d   to  p a s s   b e h i n d   i t s  

s t a n d i n g   p o r t i o n   (4B)  to   e n g a g e   t h e   c o n c a v i t y   (60)   o f  

s a i d   a n v i l   ( 5 8 ) ,   r a t h e r   t h a n   e n g a g i n g   t h e   s t a n d i n g  

p o r t i o n   (4B)  t h e r e o f ,   and  to   a d v a n c e   s a i d   d r i v e r   ( 3 4 )  

a x i a l l y   to   i t s   s t a r t i n g   p o r t i o n   as  s a i d   d r i v e r   t u r n s  

a n g u l a r l y   to   i t s   s t a r t i n g   p o s i t i o n .  

3.  A  w i r e   k n o t t i n g   m a c h i n e   a c c o r d i n g   to   C l a i m   2 ,  

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

d r i v e r   ( 3 4 )   i s   s l i g h t l y   g r e a t e r   t h a n   t h e   d i a m e t e r   o f  

t h e   f i r s t   w i r e   ( 4 ) ,   t h a t   s a i d   d r i v e r   ( 3 4 )   i s   p r o v i d e d  

w i t h   an  end  f a c e   n o r m a l   to  s a i d   s e c o n d   w i r e   and   s u b -  

s t a n t i a l l y   e n g a g i n g   s a i d   f i r s t   w i r e   when  s a i d   d r i v e r .  

i s   i n   i t s   s t a r t i n g   p o s i t i o n ,   and  t h a t   s a i d   d r i v e r   e x -  

t e n s i o n   (52 )   p r o j e c t s   f r o m  s a i d   d r i v e r   end  f a c e   b y  

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

s a i d   d r i v e r   d u r i n g   t h e   k n o t t i n g   o p e r a t i o n ,   w h e r e b y  
s a i d   d r i v e r   e x t e n s i o n   p a s s e s   t h e   s t a n d i n g   p o r t i o n   ( 4 B )  



of   t h e   f i r s t   w i r e   d u r i n g  t h e   k n o t t i n g   o p e r a t i o n .  

4.  A  w i r e   k n o t t i n g   m a c h i n e   a c c o r d i n g   to   C l a i m   3 ,  

c h a r a c t e r i s e d   in   t h a t   s a i d   d r i v e r   member   (34)   i s   t u b u l a r  

and  i s   a r r a n g e d   to   c o n f i n e   s a i d   s e c o n d   w i r e   (2)   c l o s e l y  

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

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

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

i s   b e n t   a r o u n d   s a i d   s e c o n d   w i r e ,   as  s a i d   b e n d   i s   f o r m e d .  

5.  A  w i r e   k n o t t i n g   m a c h i n e   a c c o r d i n g   to   C l a i m   1 ,  

c h a r a c t e r i s e d   i n   t h a t   s a i d   f i x e d   a n v i l   (58)   i s   m o u n t e d   I 

by  m e a n s   ( 7 0 , 6 4 , 6 6 )   p e r m i t t i n g   a d j u s t a b l e   m o v e m e n t   t h e r e -  

of  b o t h   l o n g i t u d i n a l l y   and  r a d i a l l y   r e l a t i v e   to   t h e  

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

i n e   f o r   u s e   w i t h   f i r s t   w i r e s   of  v a r i o u s   d i a m e t e r s   a n d  

s t i f f n e s s e s .  

6.  A  w i r e   k n o t t i n g   m a c h i n e   a c c o r d i n g   t o   C l a i m   1  w i t h  

t h e   a d d i t i o n   of  a  k n o t   f i n i s h i n g   means   ( 7 2 , 7 4 )   o p e r a b l e ,  
a f t e r   t h e   k n o t   h a s   b e e n   i n i t i a l l y   f o r m e d   by  s a i d   d r i v e r  

(34)   and  s a i d   a n v i l   ( 5 8 ) ,   to   p r e s s   t h e   e n t i r e   k n o t t e d  

end  p o r t i o n   of  s a i d   f i r s t   w i r e   (4)  c l o s e l y   a d j a c e n t  
s a i d   s e c o n d   w i r e   ( 2 ) ,   w h e r e b y   s a i d   s e c o n d   w i r e   s h i e l d s  

t h e   raw  end  of  s a i d   f i r s t   w i r e .  

7.  A  w i r e   k n o t t i n g   m a c h i n e   a c c o r d i n g   to   C l a i m   6 ,  
c h a r a c t e r i s e d   by  means   f o r   a d v a n c i n g   s a i d   s e c o n d   w i r e  

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

t i a l l y   k n o t t e d   by  s a i d   d r i v e r   and  a n v i l   at  a  f i x e d  

s t a t i o n   e a c h   t i m e   t h e   s e c o n d   w i r e   comes   to   r e s t ,   a n d  

w h e r e i n   s a i d   f i n i s h i n g   means   i s   p o s i t i o n e d   a t   a  s u b -  

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

and  i s   o p e r a b l e   to   f i n i s h   a  k n o t   p r e v i o u s l y   i n i t i a l l y  

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



t h e   k n o t   of  a  f o l l o w i n g   f i r s t   w i r e ,   w h e r e b y   t h e   u s e   o f  

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

t h e   f i r s t   w i r e s   may  be  k n o t t e d   a b o u t   s a i d   s e c o n d   w i r e .  

8.  A  w i r e   k n o t t i n g   m a c h i n e   a c c o r d i n g   to   C l a i m   7 ,  
c h a r a c t e r i s e d   i n   t h a t   s a i d   k n o t   f i n i s h i n g   m e a n s   c o m -  

p r i s e s :   a  s e c o n d   a n v i l   (72)   i n t e r s e c t i n g   s a i d   s e c o n d  

w i r e   and  h a v i n g   a  n o t c h   (80)   o p e n i n g   l a t e r a l l y   of  s a i d  

s e c o n d   w i r e   (2)   i n   w h i c h   s a i d   w i r e   i s   a c c o m m o d a t e d   a n d  

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

s a i d   n o t c h   (80)   p r o v i d i n g   l a t e r a l   b a c k - u p   s u p p o r t   f o r  

s a i d   s e c o n d   w i r e   (2)  a t   t h e   s i d e   t h e r e o f   o p p o s i t e   t o  

t h a t   a t   w h i c h   t h e   end  p o r t i o n   (4A)  of  t h e   f i r s t   w i r e  

(4)  i s   d i s p o s e d   when  i n i t i a l l y   k n o t t e d ;   a . p i v o t e d  

p r e s s u r e   arm  ( 7 4 )   h a v i n g   a  l o n g i t u d i n a l   edge   s u r f a c e  

( 1 0 0 )   g e n e r a l l y   p a r a l l e l   to   s a i d   s e c o n d   w i r e   (2)   a n d  

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

s i d e   t h e r e o f   at   w h i c h   t h e   k n o t t e d   end  p o r t i o n   of   t h e  

f i r s t   w i r e   (4)   e x t e n d s ,   by  a  d i s t a n c e   g r e a t e r   t h a n   t h e  

e x t e n s i o n   of   s a i d   f i r s t   w i r e   end  p o r t i o n ;   and  o p e r a t -  

i n g   means   (96)   f o r   p i v o t i n g   s a i d   p r e s s u r e   arm  (74 )   t o  

move  s a i d   edge  s u r f a c e   ( 1 0 0 )   t h e r e o f   t o w a r d   s a i d   s e c o n d  

w i r e ,   s a i d   arm  and  s e c o n d   a n v i l   (72)   c l o s e l y   e m b r a c i n g  

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

w h e r e b y   d u r i n g   t h i s   m o v e m e n t   of   t h e   arm  (74)   s a i d   e d g e  

s u r f a c e   ( 1 0 0 )   t h e r e o f   e n g a g e s   and  p r e s s e s   t h e   end  p o r -  
t i o n   of  s a i d   f i r s t   w i r e   f o r c i b l y   a g a i n s t   s a i d   s e c o n d  

w i r e .  

9.  A  w i r e   k n o t t i n g   m a c h i n e   a c c o r d i n g   t o   C l a i m   8 ,  

c h a r a c t e r i s e d   i n   t h a t   t h e   n o t c h   (80 )   of  s a i d   s e c o n d  

a n v i l   (72)   h a s   a  s m a l l e r   p o r t i o n   (82 )   c a p a b l e   of  e n -  

g a g i n g   s a i d   s e c o n d   w i r e   (2)   c l o s e l y ,   and  an  e n l a r g e d  

p o r t i o n   ( 8 4 )   w h i c h   o p e n s   l a t e r a l l y   of  t h e   s e c o n d   w i r e  

( 2 ) ,   and  f o r w a r d l y   w i t h   r e s p e c t   to   t h e   d i r e c t i o n   o f  

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



t o   a c c o m m o d a t e   t h e   e n l a r g e m e n t   (53)   of  t h e   s e c o n d   w i r e  

f o r m e d   by  t h e   b e n d   o f   a  f i r s t   w i r e   t h e r e a b o u t ,   s a i d  

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

(86)   o p e r a b l e ,   d u r i n g   t h e   f o r w a r d   m o v e m e n t   of   s a i d  

s e c o n d   w i r e   (2)  and  t h e   f i r s t   w i r e   (4)  k n o t t e d   t h e r e -  

a b o u t ,   to  e n g a g e   s a i d   f i r s t   w i r e   (4)  c l o s e l y   a d j a c e n t  

s a i d   s e c o n d   w i r e ,   and  t o   d e f l e c t   s a i d   w i r e s   ( 2 , 4 )   r e -  

s i l i e n t l y   t o w a r d   t h e   o p e n   l a t e r a l   s i d e   (88)   of   s a i d  

n o t c h ,   w h e r e b y   t h e   e n l a r g e m e n t   of  t h e   s e c o n d   w i r e   ( 2 )  

f o r m e d   by  t h e   b e n d   (53)   of   t h e   f i r s t   w i r e   (4)   b y - p a s s e s  

t h e   s m a l l e r   p o r t i o n   (82)   of   s a i d   n o t c h   and  e n t e r s   t h e  

e n l a r g e d   p o r t i o n   (84)   t h e r e o f .  
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