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  A  method  and  apparatus  for  forming  plain  bearings  from 
a  bearing  strip  consisting  of  a  metal  backing  and  a  lining  o f  
bearing  material.  The  apparatus  comprises  a  series  of  tube 
forming  rolling  mills  (114,115,116  and  117)  arranged  to  roll 
the  strip  (111)  to  a  part  cylindrical  form;  a  closed  pass 
forming  die  (131)  having  an  internal  mandrel  (132)  arranged 

to  form  the  rolled  strip  (127)  to  a  final  tube  configuration 
(129);  a  drawing  mechanism  arranged  to  draw  the  strip/tube 
through  the  rolling  mills  and  die;  and  a  severing  mechanism 
(133)  arranged  to  cut  the  formed  tube  (129)  in  to  lengths 
(134). 



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

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

and  c y l i n d r i c a l   b u s h e s .  

Some  of   t h e   known  m e t h o d s   o f   f o r m i n g   s e m i - c y l i n d r i c a l  

b e a r i n g   s h e l l s   i n c l u d e   c o i n i n g   o r   b e n d   p u n c h i n g .   T h e s e  

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

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

a x i a l   e d g e s .   F u r t h e r m o r e ,   i f   an  o v e r l a y   i s   r e q u i r e d ,  

t h i s   can  o n l y   be  a p p l i e d   in   p r a c t i c e   a f t e r   t h e   f o r m i n g  

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

j i g g i n g   and  p l a t i n g   o p e r a t i o n .  

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

n e c e s s i t a t e s   w r a p p i n g   a  b l a n k ,   e i t h e r   f r o m   f l a t   or   f r o m  

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

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

l i n e .  

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

a r e   g e n e r a l l y   p e r f o r m e d   on  i n d i v i d u a l   b l a n k s .   T h u s ,   t h e  

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

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

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

f o r m i n g   o p e r a t i o n s .  

In  a n o t h e r   known  m e t h o d ,   b l a n k s   a r e   p a r t i a l l y  

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

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

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

m a c h i n e   t o o l i n g   i s   e x p e n s i v e .  



I t   i s   an  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   to   p r o v i d e  

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

b e a r i n g s   w i t h   c o n s t a n t   t h i c k n e s s e s   and  one  in  w h i c h  

p l a t i n g   can   be  c a r r i e d   ou t   p r i o r   t o   f o r m i n g .  

I t   i s   a  f u r t h e r   o b j e c t   t o   p r o v i d e   a  m e t h o d   o f  

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

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

A c c o r d i n g   t o   one  a s p e c t   of  t h e   i n v e n t i o n ,   t h e r e  

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

f rom  a  b e a r i n g   s t r i p   (11)   in   t h e   f o r m   of  a  m e t a l   b a c k i n g  

(12)   h a v i n g   a  l i n i n g   (13)   of  b e a r i n g   m a t e r i a l ,   t h e  

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

t u b e   or  p a r t - c y l i n d r i c a l   fo rm  (29)   and  s u b s e q u e n t l y  

c u t t i n g   f o r m e d   s t r i p   (29)   to   t h e   r e q u i r e d   l e n g t h s ,  

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

t h e   s t r i p   (11)   t h r o u g h   a  f o r m i n g   d i e   ( 1 4 ) .  

The  l e a d i n g   end  of  t h e   s t r i p   may  be  p r e f o r m e d  

to   a l l o w   i t   to   e n t e r   t h e   d i e   and  t h e   d i e   and  s t r i p   m a y  
be  s u b j e c t e d   to   u l t r a s o n i c   v i b r a t i o n   in   o r d e r   to  a s s i s t  

i t s   p a s s i n g   t h r o u g h   t h e   d i e ,   t h o u g h   t h i s   i s   no t   e s s e n t i a l .  

H o w e v e r ,   i f   h i g h   r e d u c t i o n s   a r e   r e q u i r e d ,   50%  u l t r a s o n i c  

v i b r a t i o n   c o u l d   be  u s e d   to   r e d u c e   t h e   l o a d   and  h e n c e  

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

s m a l l   d i e s ,   t h e   l e n g t h   of  t h e   d i e   may  be  r e l a t i v e l y  

s h o r t ,   f o r   e x a m p l e   f rom  2  to   5  t i m e s   t h e   d i a m e t e r   o f  

t h e   f i n i s h e d   t u b e ,   b u t   f o r   l a r g e r   s i z e s   t h e   l e n g t h   m a y  
be  as  l i t t l e   a s ¼ t h e   d i a m e t e r .  

In  a  p r e f e r r e d   m e t h o d   a c c o r d i n g   to   t h e   i n v e n t i o n ,  

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

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

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



c u t   to   t h e   r e q u i r e d   l e n g t h s .  

Such  m e t h o d s   may  be  c a p a b l e   of  p r o d u c i n g   v e r y   l a r g e  

q u a n t i t i e s   of  b e a r i n g s   a t   a  v e r y   h i g h   r a t e   to   an  a c c u r a c y  
w h i c h   i s   e x p e c t e d   to   be  h i g h e r   t h a n   t h a t   n o r m a l l y   a c h i e v e d  

by  c o i n e d   b u s h e s   and  w i t h o u t   t h e   n e e d   to   r e s o r t   to   e x p e n s i v e  

p r o g r e s s i v e   m a c h i n e   t o o l i n g .   Thus  t h e   s t r i p   may  be  f i n i s h e d  

to   s i z e   on  t h e   i n t e r n a l   and  e x t e r n a l   d i a m e t e r .  

The  b a c k i n g   may  be  s t e e l ,   c o p p e r ,   b r o n z e ,   a l u m i n i u m  

or  an  a l l o y   of  a l u m i n i u m .   The  l i n i n g   may  be  a  s o f t   m e t a l  

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

a l u m i n i u m / s i l i c o n / t i n ,   a l u m i n i u m / s i l i c o n / z i n c   or  m a y  
be  a  p l a s t i c s   m a t e r i a l   s u c h   as  p o l y t e t r a f l u o r o e t h y l e n e  

(PTFE) ,   p o l y p h e n y l e n e   s u l p h i d e   ( P P S ) ,   p o l y e t h e r e t h e r k e t o n e  

(PEEK),   or  a l l o y s   of  t h e s e   m a t e r i a l s   e . g .   P T F E / P E E K / g r a p h i t e /  

b r o n z e .   O t h e r   m a t e r i a l s   may  of  c o u r s e   be  u s e d   f o r   t h e  

b a c k i n g   and  f o r   t h e   l i n i n g   and  t h e   l i n i n g   may  be  c o a t e d  

w i t h   an  o v e r l a y .  

The  f o r m e d   s t r i p   may  be  f u l l y   c y l i n d r i c a l   or  p a r t l y  

c y l i n d r i c a l ,   in   p a r t i c u l a r   s e m i - c y l i n d r i c a l .   In  t h e  

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

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

t u b e .   A  m a j o r   a d v a n t a g e   of  d r a w i n g   two  h a l v e s   t o g e t h e r  

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

t h e   p o s s i b i l i t y   of  f i n i s h i n g   to   w a l l   and  p e r i p h e r a l   l e n g t h  

in   one  o p e r a t i o n .  

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

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

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

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

A n o t h e r   a d v a n t a g e   of  t h i s   m e t h o d   may  be  t h e   e l i m i n a t i o n  

of  j i g g i n g   and  p l a t i n g   of  t h e   h a l f   b e a r i n g s   s i n c e   t h e  

o p t i o n   of  s t r i p   p l a t i n g   or  c a s t i n g   on  an  o v e r l a y   i s   v i a b l e .  



The  r o l l i n g   a p p a r a t u s   p r e f e r a b l y   c o m p r i s e s   a  
s e r i e s   of  t u b e   f o r m i n g   m i l l   s t a n d s .   T h e r e   may  be  a s  
few  as  t h r e e   or   as  many  as  f i f t e e n   or   m o r e ,   p a r t i c u l a r l y  
i n   t h e   c a s e   of  r e l a t i v e l y   t h i c k - w a l l e d ,   f u l l y   c y l i n d r i c a l  
b u s h e s .   Not  a l l   of  t h e   r o l l e r s   in   t h e   r o l l   s t a n d s   n e e d  
be  d r i v e n   and  so  some  or  a l l   may  be  i d l e r   r o l l s ,   t h o u g h  
t h e s e   may  h a v e   a  s h a p i n g   f u n c t i o n .  

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

a  t a b   or   o t h e r   p r o t r u s i o n   to   t h e   o u t s i d e   of  t h e   f o r m e d  

s t r i p   w h i c h   can   s e r v e ,   in  t he   f i n i s h e d   b e a r i n g ,   as  a  

means   f o r   a c c u r a t e l y   l o c a t i n g   t h e   b e a r i n g   in   i t s   h o u s i n g .  

The  t a b   may  be  a t t a c h e d   by  any  s u i t a b l e   means   s u c h   a s  

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

w e l d i n g ,   or   by  an  a d h e s i v e .   The  a t t a c h m e n t   o p e r a t i o n  

can   be  c a r r i e d   o u t   s i m p l y   and  a t   a c c u r a t e   s p a c i n g s   a s  

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

s e v e r a n c e .   Such   an  o p e r a t i o n   i s   e a s i e r   to   p e r f o r m   t h a n  

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

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

and  l e n d s   i t s e l f   to   t h e   p r o c e s s   of  t h e   i n v e n t i o n   s i n c e  

s e p a r a t e .   f o r m e d   b e a r i n g s   do  n o t   n e e d   to   be  a c c u r a t e l y  

p o s i t i o n e d   i n d i v i d u a l l y   f o r   t h e   o p e r a t i o n   to   be  p e r f o r m e d .  

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

r e m a i n s   u n a f f e c t e d .  



The  s t r i p   may  be  d rawn   to  f o rm  t h e   f i n a l l y   f o r m e d  

t u b e   in   a  c l o s e d   p a s s ,   in   w h i c h   t h e   f i n a l   s i z i n g / s h a p i n g  

d i e   i n c l u d e s   an  i n t e r n a l   m a n d r e l ,   or  in   an  o p e n   p a s s ,  
in   w h i c h   t h e   d i e   h a s   no  i n t e r n a l   m a n d r e l .   The  s t r i p  

may  be  l u b r i c a t e d   p r i o r   to   d r a w i n g .  

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

d i e   w i t h   a  c o n i c a l   i n l e t   form  o v e r   an  i n t e r n a l   p l u g .  

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

o u t   c o l d   work ,   may  be  t he   means   by  w h i c h   h i g h   w a l l   t h i c k n e s s  

t o l e r a n c e s   can   be  a c h i e v e d .  

With   s u c h   a  s y s t e m ,   t he   i n i t i a l   and  r e p l a c e m e n t  

t o o l i n g   c o s t   can   be  q u i t e   low  and  s i n c e   w e a r   of  t h e  

c a r b i d e   d i e   i s   s l o w   i t   t e n d s   to  h a v e   a  l o n g   l i f e .   As  

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

n e x t   l a r g e r   s i z e   so  i n c r e a s i n g   i t s   u s e f u l   l i f e   f u r t h e r .  

P r e f e r a b l y ,   t h e   f i n i s h e d   b l a n k s   a r e   s e v e r e d   b y  

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

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

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

s e v e r i n g   t h e   f i n i s h e d   b l a n k s .   A l t e r n a t i v e l y ,   p a r t i n g  

o f f   t h e   t u b e   c o u l d   be  a c h i e v e d   by  b a r   f e e d   a u t o s .  

In  an  a l t e r n a t i v e   d r a w i n g   o p e r a t i o n ,   t h e   t u b e  

may  f i r s t   p a s s   t h r o u g h   a  d i e   in  an  open   p a s s   t h a t   c a u s e s  

t h e   o u t s i d e   d i a m e t e r   of  t he   t u b e   to   be  r e d u c e d ,   t h o u g h  

t h e   b o r e   may  s t i l l   be  l a r g e r   t h a n   t h a t   of  t h e   f i n a l   b u s h .  



The  t u b e   may  t h e n   be  d rawn   t h r o u g h   a  s e c o n d   d i e   in   a  

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

d i a m e t e r   may  t h u s   be  r e d u c e d   f u r t h e r   and  t h e   b o r e   c o n s t r a i n e d  

by  t h e   m a n d r e l .  

The  t u b e   may  be  d r awn   by  a  s y s t e m   of  two  c o n t i n u o u s l y  

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

may  be  d r i v e n   by  h y d r a u l i c   r ams   to   g i v e   c o n t i n u o u s   m o t i o n .  

W i t h   s u c h   a  s y s t e m ,   t h e   t u b e   may  be  c u t   i n t o   l e n g t h s  

by  means   of  a  f l y i n g   saw.  T h e s e   may  be  a c c e l a r a t e d   a w a y  
and  t r a n s f e r r e d   to   a  r u n - o u t   t a b l e .   S u b s e q u e n t l y   t h e y  

may  be  f o r m e d   i n t o   b u s h e s   of  t h e   r e q u i r e d   l e n g t h .  

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

out   a  m e t h o d   in   a c c o r d a n c e   w i t h   t h e   i n v e n t i o n .  

The  i n v e n t i o n   may  be  c a r r i e d   i n t o   p r a c t i c e   i n  

v a r i o u s   ways   and  some  e m b o d i m e n t s   w i l l   now  be  d e s c r i b e d  

by  way  of  e x a m p l e   w i t h   r e f e r e n c e   t o   t h e   a c c o m p a n y i n g  

d r a w i n g s ,   in   w h i c h : -  

FIGURE  1  i s   a  s i m p l i f i e d   s c h e m a t i c   a x i a l   v e r t i c a l  

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

t h e   i n v e n t i o n ;  

FIGURE  2  i s   a  s i m p l i f i e d   s c h e m a t i c   s i d e   v i e w   o f  

one  e m b o d i m e n t   of  d r a w i n g   a p p a r a t u s ;  

FIGURE  3  i s   an  end  e l e v a t i o n   of  a n o t h e r   e m b o d i m e n t  

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

b l a n k s ;  

FIGURE  4  i s   a  s e c t i o n   on  t h e  l i n e   I V - I V   in  FIGURE  3 

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

FIGURE  5  i s   a  s i m p l i f i e d   s c h e m a t i c   a x i a l   v e r t i c a l  

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

a n o t h e r   e m b o d i m e n t   of  t he   i n v e n t i o n ;  



FIGURES  6  to  9  a r e   t r a n s v e r s e   v e r t i c a l   s e c t i o n s  

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

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

t h e   s a k e   of  c l a r i t y ;  

FIGURE  10  i s   a  s i m p l i f i e d   v e r t i c a l   s e c t i o n   t h r o u g h  

an  a l t e r n a t i v e   d i e   a r r a n g e m e n t ,   a n d  

FIGURES  11  to   15  a r e   s c h e m a t i c   v i e w s   s h o w i n g   s e q u e n -  

t i a l   s t a g e s   in   t h e   o p e r a t i o n   of  an  a l t e r n a t i v e   f o r m   o f  

d r a w i n g   a p p a r a t u s .  

R e f e r r i n g   f i r s t l y   to   F i g u r e   1,  a  b e a r i n g   s t r i p   1 1 ,  

c o m p r i s i n g   a  s t e e l   b a c k i n g   12  and  a  l i n i n g   13  of  c o p p e r /  

l e a d   i s   i n t r o d u c e d   to  a  c a r b i d e   d i e   14  l o c a t e d   in   a  s t e e l  

h o u s i n g   ( n o t   shown)   and  d r a w n   t h r o u g h   by  means   to   b e  

d i s c u s s e d   in   more   d e t a i l   b e l o w .  

The  d i e   14  has   a  t a p e r e d   e n t r y   p o r t i o n   15  w h i c h   t a p e r s  

down  to   a  c y l i n d r i c a l   f i n a l   f o r m i n g   s u r f a c e   16.  An  e l o n g a t e  

p l u g   or  m a n d r e l   17  i s   l o c a t e d   in   t h e   b o r e   t h u s   d e f i n e d  

and  i s   f i x e d   r e l a t i v e   to  t h e   d i e   14.  A l t h o u g h   s h o w n  

as  e x t e n d i n g   b e y o n d   t h e   u p s t r e a m   end  of  t h e   d i e   14,  t h e  

m a n d r e l  1 7  m a y   b e g i n   w i t h i n   t h e   d i e   14.  The  d i e   14  a n d  

p l u g   17  a r e   p o l i s h e d   to  a  h i g h   f i n i s h .   U l t r a s o n i c   v i b r a t i o n  

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

be  u s e d   to   a s s i s t   in   t h e   p a s s a g e   of  t h e   s t r i p   11  t h r o u g h  

t h e   d i e   1 4 .  

As  t h e   s t r i p   11  e n t e r s   t h e   d i e   14  i t   i s   p r o g r e s s i v e l y  

w r a p p e d   a r o u n d   t h e   p l u g   17  u n t i l   t h e   f u l l y   c y l i n d r i c a l  

t u b e   fo rm  29  i s   a c h i e v e d   as  t h e   f o r m e d   s t r i p   l e a v e s  

t h e   d i e .  

One  way  in  w h i c h   t h e   s t r i p   11  can  be  d r a w n   t h r o u g h  
t he   d i e   14  i s   shown  s c h a m a t i c a l l y   in  F i g u r e   2 .  



In  t h e   e m b o d i m e n t   of  F i g u r e   2,  t h e   d i e   14  i s  

m o u n t e d   on  a  d r aw  b e n c h   21.   A  g r i p p e r   u n i t   22  h a v i n g  

s e l f - g r i p p i n g   jaws  shown  d i a g r a m m a t i c a l l y   a t   23  g r i p s  

t h e   end  of  t h e   t u b e   fo rm  29  and  i s   p u l l e d   a l o n g   t h e  

d raw  b e n c h   21  by  s u i t a b l e   m e a n s   s u c h   a s  a  h o o k   24  

t h e   g r i p p e r   u n i t   22  e n g a g i n g   a  d r a w   c h a i n   25  in   t h e  

d raw  b e n c h   21.   D r a w i n g   s p e e d s   of  p e r h a p s   5  to   a b o u t  

30  m e t r e s   p e r   m i n u t e   may  be  a c h i e v e d   w i t h   s u c h   an  a r r a n g e -  

m e n t .   A  t a b   a t t a c h m e n t   d e v i c e   130  may  be  p r o v i d e d .  
A f t e r   a  l e n g t h   of  s t r i p   11  h a s   b e e n   d r a w n ,   t h e  

t u b e   29  so  p r o d u c e d   i s   c u t   to   t h e   d e s i r e d   l e n g t h   t o  

g i v e   f i n i s h e d   b u s h e s .   U s i n g   a  d r a w i n g   r a t e   of  5 . 5 m / m i n  

i t   s h o u l d   be  p o s s i b l e   to   p r o d u c e   1 5 , 0 0 0   b u s h e s   p e r  
h o u r   of  20mm  n o m i n a l   l e n g t h   w i t h   5%  a l l o w a n c e   f o r   p a r t i n g  

o f f   e t c .   T h e r e   i s   no  i n d i c a t i o n ,   h o w e v e r ,   t h a t   t h i s  

i s   t h e   maximum  d r a w i n g   s p e e d   a t t a i n a b l e .  

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

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

e m b o d i m e n t   shown  in   F i g u r e s   3  and  4  h o w e v e r   i s   i n t e n d e d  

f o r   c o n t i n u o u s   o p e r a t i o n   and  makes   use   of  a  m e c h a n i s m  

f o r   b o t h   d r a w i n g   t h e   t u b e   29  and  s e v e r i n g   f i n i s h e d  

b u s h e s   3 4 .  

The  m e c h a n i s m   c o m p r i s e s   a  c y l i n d r i c a l   f r a m e   41  

w h i c h   h o u s e s   t h r e e   e q u i - s p a c e d   c u t t i n g   r o l l e r s   42.  T h e  

f r a m e   41  i s   r o t a t a b l y   m o u n t e d   a b o u t   i t s   a x i s   on  i d l e  

w h e e l s   43  and  t h e   c u t t i n g   r o l l e r s   42  a r e   r o t a t a b l e  

m o u n t e d   in   t h e   f r a m e   41  a b o u t   a x e s   g e n e r a l l y   p a r a l l e l  

to   t h a t   of  t h e   f r a m e   41  in   b e a r i n g s   4 4 .  

The  c u t t i n g   r o l l e r s   42  a r e   e a c h   f o r m e d   w i t h   a  
h e l i c a l   c u t t i n g   edge   45  w h o s e   p i t c h   i s   e q u a l   to   t h e  

d e s i r e d   l e n g t h   of  t h e   f i n i s h e d   b u s h e s   34.  The  d e p t h  
of  e a c h   c u t t i n g   edge   45  g r a d u a l l y   i n c r e a s e s   a l o n g   i t s  

l e n g t h   u n t i l   i t   i s   s l i g h t l y   g r e a t e r   t h a n   t h e   t h i c k n e s s  



of  t h e   s t r i p   1 1 .  

In  o p e r a t i o n   t he   f i n i s h e d   t u b e   in   i t s   f i n a l  

c y l i n d r i c a l   f o r m   29  i s   i n t r o d u c t e d   a l o n g   t h e   a x i s   o f  

t h e   f r a m e   41  and  b e t w e e n   the   t h r e e   c u t t i n g   r o l l e r s  

42  u n t i l   i t   e n c o u n t e r s   t he   c u t t i n g   e d g e s   45.  At  t h e  

same  t i m e ,   t h e   f r a m e   41  is   r o t a t e d   on  t h e   i d l e   w h e e l s  

43  by  means   of  a  t o o t h e d   b e l t   ( n o t   shown)   c o - o p e r a t i n g  

w i t h   a  r a c k   46  e x t e n d i n g   a r o u n d   t h e   p e r i m e t e r   of  t h e  

f r a m e   41.  T h i s   c a u s e s   t he   c u t t i n g   r o l l e r s   to   t r a v e l  

a r o u n d   t h e   t u b e   29  and  to  r o t a t e   a b o u t   t h e i r   a x e s  

t h u s   d r a w i n g   t h e   t u b e   29  in  t h e   d i r e c t i o n   of  a r r o w  

A  in  F i g u r e   4.  At  f i r s t ,   t he   t u b e   e n c o u n t e r s   t he   s h a l l o w e s t  

p a r t   of  t h e   c u t t i n g   e d g e s   45  and  as   i t   p r o g r e s s e s   t h r o u g h  

t h e   f r a m e   41  t h e   c u t t i n g   e d g e s   45  b i t e   d e e p e r   u n t i l  

a  f i n i s h e d   b l a n k   34  i s   s e v e r e d .  

I t   w i l l   be  u n d e r s t o o d   t h a t   t h e   r e l a t i v e   p o s i t i o n s  

o f  t h e  t h r e e   c u t t i n g   e d g e s   45  w i l l   be  s y n c h r o n i s e d   s o  

t h a t   a l l   t h r e e   c o n t r i b u t e   to  e a c h   s i n g l e   c u t   in  t h e  

t u b e   29.  The  r a d i a l   ( w i t h   r e s p e c t   to   t h e   f r a m e   4 1 )  

p o s i t i o n s   of  t h e   c u t t i n g   r o l l e r s   42,  and  h e n c e   t h e i r  

p r o x i m i t y   to   t h e   t u b e   29  a r e   a d j u s t a b l e   by  means   o f  

hand   w h e e l s   47  w h i c h   a r e   c o n n e c t e d   to   t h e   b e a r i n g s  

44  and  a r e   t h r e a d e d   t h r o u g h   t h e   f r a m e   4 1 .  

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

45  may  be  of  c o n s t a n t   d e p t h   bu t   t h e   c u t t i n g   r o l l e r s  

may  be  i n c l i n e d   w i t h   r e s p e c t   to   t h e   a x i s   of  t h e   f r a m e  

41  so  t h a t   t h e   e x t e n t   of  t h e i r   p e n e t r a t i o n   i n c r e a s e s  

as  t h e   t u b e   i s   d r a w n   t h r o u g h   t h e   f r a m e   4 1 .  

In  a n o t h e r   a l t e r n a t i v e   c o n t r u c t i o n ,   a  p a i r   o f  

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

d i e   14  to   g i v e   a  s m a l l   amount   of  c u r v a t u r e   to   t h e   s t r i p  

11  to  a i d   d r a w i n g .  



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

t h e   f i n i s h e d   t u b e   or  b u s h e s   may  be  s p l i t .   More  p r e f e r a b l y ,  
h o w e v e r   a  p a i r   of  h a l f   s t r i p s   a r e   f ed   to   t h e   d i e   1 4 ,  

one  on  e i t h e r   s i d e   of  t h e   p l u g   17.  T h e s e   a r e   t h e n  

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

in   two  h a l v e s   w h i c h   can   t h e n   be  c u t   to   l e n g t h   as  r e q u i r e d .  
T h i s   e m b o d i m e n t   of  t h e   i n v e n t i o n   w i l l   now  b e  

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

EXAMPLE  1 .  

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

c y l i n d r i c a l   b u s h e s   u s i n g   t h e   a p p a r a t u s   of  F i g u r e s   1 

and  2 .  

A  s t r i p   of  b i m e t a l   1.5mm  t h i c k   c o m p r i s i n g   a  s t e e l  

b a c k i n g   l i n e d   w i t h   an  a l l o y   of  c o p p e r   70%  and  l e a d  

30%  was  s l i t   to   a  w i d t h   of  62mm,  The  e n d  

was  s w a g e d   and  was  t h e n   i n s e r t e d   i n t o   a  h i g h l y   p o l i s h e d  
c a r b i d e   d i e   l o c a t e d   in   a  s t e e l   h o u s i n g ,   t h e   d i e   h a v i n g  
a  t a p e r i n g   e n t r y   p o r t i o n   f o l l o w e d   by  a  c y l i n d r i c a l  
f i n a l   f o r m .   The  d i a m e t e r   of  t h e   d i e   was  19 .44mm  a n d  
a  p o l i s h e d   s t e e l   p l u g   h a v i n g   a  d i a m e t e r   of  1 6 . 7 4 m m  
was  l o c a t e d   in   t h e   d i e ,   a r o u n d   w h i c h   t h e   s w a g e d   s t r i p  
was  l o c a t e d .  

The  s t r i p   was  g r i p p e d   on  t h e   f a r   s i d e   of  t h e  
d i e   b y  a   s e l f - g r i p p i n g   d e v i c e   in   a  g r i p p e r   u n i t   m o u n t e d  
on  a  d r a w   b e n c h .   The  g r i p p e r   u n i t   was  p u l l e d   by  a  
c h a i n   d r i v e n   by  an  e l e c t r i c   m o t o r   a t   5 . 5 m / m i n   and  t h e  
p a s s a g e   of  t h e   s t r i p   t h r o u g h   t h e   d i e   was  a s s i s t e d   b y  
an  EP  l u b r i c a t i n g   o i l .   I n d i v i d u a l   b u s h e s   w e r e   c u t  
f rom  t h e   t u b e   p r o d u c e d .  

A  v i s u a l   i n s p e c t i o n   r e v e a l e d   a  h i g h   f i n i s h   o n  
b o t h   i n t e r n a l   and  e x t e r n a l   s u r f a c e s .  



EXAMPLE  I I  

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

b u s h e s   u s i n g   t h e   a p p a r a t u s   of  F i g u r e s   1  and  2 .  

In  t h i s  c a s e ,   t h e   p r o c e d u r e   of  E x a m p l e   1  w a s  

r e p e a t e d   bu t   two  s i m i l a r   s t r i p s   31mm  w i d e   w e r e   s w a g e d  

and  i n t r o d u c e d   i n t o   t h e   d i e .   A f t e r   d r a w i n g ,   i n d i v i d u a l  

h a l f - b u s h e s   we re   c u t   o f f   and  a g a i n   b o t h   i n t e r n a l   a n d  

e x t e r n a l   s u r f a c e s   e x h i b i t e d   a  h i g h   f i n i s h .  

A n o t h e r   e m b o d i m e n t   of  t h e   i n v e n t i o n   i s   s h o w n  

in   F i g u r e s   5  to   9 .  

R e f e r r i n g   f i r s t l y   to   F i g u r e   5,  a  b e a r i n g   s t r i p  

111,   c o m p r i s i n g   a  s t e e l   b a c k i n g   112  and  a  l i n i n g  

113  of  c o p p e r / l e a d   i s   p a s s e d   t h r o u g h   s u c c e s s i v e   r o l l  

s t a n d s   114,   115,   116 ,   117 .   As  shown  in   F i g u r e s   6  t o  

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

1 2 4 , 1 2 5 , 1 2 6 , 1 2 7   to   a  c y l i n d r i c a l   fo rm  127  w h i c h  

i s   p r a c t i c a l l y   c l o s e d ,   h a v i n g   o n l y   a  s m a l l   gap  1 2 8 .  

In  t h e   f i r s t   r o l l   s t a n d   114 ,   t h e   u p p e r   r o l l   e n g a g e s  

t h e   l i n i n g   s u r f a c e   113  and  t h e   l o w e r   r o l l   a c t s   o n  

t h e   b a c k i n g   112  to   bend   p a r t i c u l a r l y   t h e   o u t e r   e d g e s  

of  t h e   s t r i p   111  to   fo rm  t h e   c u r v e d   s e c t i o n   s h o w n  

as  124.   In  t h e   s e c o n d   r o l l   s t a n d   115,   t h e   u p p e r  
r o l l   a g a i n   e n g a g e s   t h e   l i n i n g   s u r f a c e   113  and  t h e  

l o w e r   r o l l   on  t h e   b a c k i n g   112 ,   b u t   in   t h i s   c a s e ,  
t h e   u p p e r   r o l l   b e n d s   t h e   c e n t r e   of  t h e   b e n t   s t r i p  

124,   f o r m i n g   i t   f u r t h e r   to   t h e   s e c t i o n   1 2 5 .  

In  t h e   t h i r d   r o l l   s t a n d   116 ,   t h e   r o l l s   a r e   a r r a n g e d  

h o r i z o n t a l l y   and  b o t h   a c t   on  t h e   b a c k i n g   s u r f a c e  

112,   t h u s   b e n d i n g   t h e   s t r i p   111  to   t h e   n e a r   c y l i n d r i c a l  

s e c t i o n   126.   F i n a l l y ,   in   t h e   f o u r t h   r o l l   s t a n d  

117  t h e   two  r o l l s   c o m b i n e   to   c l o s e   t h e   s e c t i o n   1 2 6  

i n t o   t h e   a l m o s t   f u l l y   c y l i n d r i c a l   fo rm  127 ,   l e a v i n g  

o n l y   a  s m a l l   gap  1 2 8 .  



R e f e r r i n g   b a c k   to   F i g u r e   5,  t h e   f i n a l   f o r m i n g  

and  s i z i n g   s t a g e   c o m p r i s e s   a  d i e   131  h a v i n g   an  i n t e r n a l  

m a n d r e l   132 .   The  a l m o s t   c y l i n d r i c a l   f o rm  127  i s   p a s s e d  

t h r o u g h   t h e   d i e   131  w h i l e   t h e   m a n d r e l   132  e f f e c t i v e l y  

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

127,   t h o u g h   of  c o u r s e ,   t h e   m a n d r e l   132  i s   m a i n t a i n e d  

s t a t i o n a r y   w i t h   r e s p e c t   to   t h e   d i e   131 ,   by  means   o f  

a  w i r e   or   c h a i n   135  w h i c h   i s   s e c u r e d   to   t h e   a p p a r a t u s ,  

p o s s i b l y   v i a   a  p u l l e y   136  or  t h e   l i k e ,   l o c a t e d   s o m e w h e r e  

b e t w e e n   t h e   s e c o n d   r o l l   s t a n d   115  and  t h e   f o u r t h   r o l l  

s t a n d   117  as  shown  d i a g r a m m a t i c a l l y   a t   137.   T h i s   g i v e s  

t h e   f i n a l   c y l i n d r i c a l   form  129.   A l t e r n a t i v e l y ,   t h e  

m a n d r e l   132  i s   s e c u r e d   to  a  b a r   w h i c h   i s   a t t a c h e d   t o  

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

T h i s   i s   t h e n   c u t   a t   133  to  t h e   r e q u i r e d   l e n g t h s ,   g i v e n  

t h e   f i n i s h e d   b u s h e s   1 3 4 .  

A l t h o u g h   t h i s   e m b o d i m e n t   i s   shown  as  h a v i n g   f o u r  

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

number   may  be  p r o v i d e d   and  any  or   a l l   o r  n o n e  o f   t h e  

r o l l e r s   may  be  d r i v e n .   F u r t h e r m o r e ,   t h e   m a n d r e l   1 3 2  

may  be  o m i t t e d .  

The  s e v e r i n g   m e c h a n i s m   may  be  s i m i l a r   to   t h a t  

d e s c r i b e d   w i t h   r e f e r e n c e   t o   F i g u r e s   3  and  4 .  

An  a l t e r n a t i v e   a r r a n g e m e n t   f o r   t h e   d i e - f o r m i n g  

o p e r a t i o n   i s   shown  in   F i g u r e   10,   in   w h i c h   t h e   t u b e  

211  moves   in   t h e   d i r e c t i o n   of  t h e   a r r o w   B .  

The  a p p a r a t u s   c o m p r i s e s   a  s i n k i n g   d i e   212,   a  

d r a w i n g   d i e   213  and  a  m a n d r e l   214  s u p p o r t e d   by  a  s h a f t  

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

d i e   2 1 3 .  

In  o p e r a t i o n ,   t he   p a r t l y - f o r m e d   t u b e   211  p a s s e s  

t h r o u g h   t h e   s i n k i n g   d i e   212  w h i c h   c a u s e s   t he   o u t s i d e  



d i a m e t e r   to   be  r e d u c e d ,   t h o u g h   t h e   i n t e r n a l   d i a m e t e r  

i s  s t i l l  l a r g e r   t h a n   t h e   r e q u i r e d   b o r e   of  t h e   f i n i s h e d  

b u s h e s .   The  t u b e   211  i s   t h e n   d r a w n   t h r o u g h   t h e   d r a w i n g  

d i e   213  and  o v e r   t h e   m a n d r e l   214 .   The  o u t s i d e   d i a m e t e r  

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

is   c o n s t r a i n e d   by  t h e   m a n d r e l   214 .   T h i s   l e a d s   to   c o l d  

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

to  be  m a i n t a i n e d .  

The  t u b e   211  may  be  d r a w n   by  an  a l t e r n a t i v e   f o r m  

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

11  to  15  in  w h i c h   m o t i o n   of  t h e   t u b e   211  i s   in   t h e  

d i r e c t i o n   of  t h e   a r r o w   C  in   F i g u r e   1 1 .  

The  a p p a r a t u s   c o m p r i s e s   a  p a i r   of  c r o s s h e a d s  

f i t t e d   w i t h   c l a m p i n g   jaws  2 2 1 , 2 2 2   a r r a n g e d   to   g r i p  

t he   f o r m e d   t u b e   211 .   The  c r o s s h e a d s   and  jaws  2 2 1 , 2 2 2  

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

( n o t   s h o w n ) .   The  g r i p p i n g   and  r e l e a s i n g   of  t h e   t u b e  

by  t h e   jaws  2 2 1 , 2 2 2   a r e   s y n c h r o n i s e d   w i t h   r e s p e c t   t o  

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

of  t h e   t u b e   2 1 1 .  

In  f i g u r e   11  t he   t u b e   211  i s   g r i p p e d   by  t h e   j a w  

221  as  i t   i s   m o v i n g   to  t h e   r i g h t .   At  t h e   same  t i m e ,  

jaw  222  has   r e l e a s e d   t h e   t u b e   211 .   The  jaw  221  p u l l s  

t h e   t u b e   211  t o   t h e   r i g h t   as   shown  in   F i g u r e   12  w h i l e  

t h e   jaw  222  moves   to   t h e   l e f t .   The  jaw  222  t h e n   r e v e r s e s  

i t s   d i r e c t i o n   and  g r i p s   t h e   t u b e   211  as  shown  in   F i g u r e  

13,  and  t h e   jaw  221  r e l e a s e s   t h e   t u b e   211 .   The  j a w  

222  c o n t i n u e s   to   p u l l   t he   t u b e   211  to   t h e   r i g h t   w h i l e  

t he   jaw  221  moves   to   t he   l e f t   as  shown  in  F i g u r e   1 4 .  

F i n a l l y ,   as  shown  in   F i g u r e   15,   t h e   jaw  221  r e v e r s e s  

i t s   d i r e c t i o n   and  g r i p s   t h e   t u b e   211,   and  t h e   jaw  2 2 2  

r e l e a s e s   t h e   t u b e   2 1 1 .  



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

Wi th   s u c h   an  a r r a n g e m e n t   a  f l y i n g   saw  223  i s  

p r o v i d e d   as  shown  s c h e m a t i c a l l y   in  F i g u r e   13.   T h e  

saw  223  i s   m o u n t e d   on  a  l i n e a r   b e a r i n g   s l i d e   224  a n d  

i s   a r r a n g e d   to   c u t   t h e   t u b e   211  i n t o   l e n g t h s   of  f o r  

e x a m p l e   3  m e t r e s   on  t h e   f l y .   Saw  jaws  225 ,   226  a r e  

a r r a n g e d   to   g r i p   t h e   t u b e   211  on  e a c h   s i d e   of  t h e  

saw  223  c a u s i n g   t h e   saw  u n i t   to   t r a v e l   w i t h   t h e   t u b e  

w h e r e u p o n   t he   saw  223  c u t s   t h e   t u b e   211 .   A  p a i r   o f  

a c c e l e r a t o r   r o l l s   ( n o t   shown)   move  t h e   c u t   l e n g t h s  

away  o n t o   a  r u n - o u t   t a b l e .   In  t h e   m e a n t i m e ,   t h e   s a w  

223  r e s e t s   and  r e t u r n s   to   i t s   s t a r t   p o s i t i o n .  

T h i s   s y s t e m   can   p r o d u c e   t u b e   a t   a  r a t e   of  1 5 m / m i n  

w i t h   a  w a l l   t h i c k n e s s   t o l e r a n c e   of  0 .025mm  or  b e t t e r .  

In  o r d e r   to   s t a r t   up  t h i s   o p e r a t i o n   f o r   e x a m p l e  

when  a  new  s t r i p   i s   to   be  f o r m e d ,   t h e   s t r i p   i s   f i r s t  

t a p e r e d  t o   a  p o i n t   and  a  d r a w b a r   i s   w e l d e d   to   t h i s  

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

t h e   s e c o n d   jaws  222  u n t i l   t h e   f o r m e d   t u b e   211  h a s  

p a s s e d   t h e   f i r s t   jaw  221 .   The  f i r s t   jaw  221  i s   t h e n  

made  to   g r i p   t h e   t u b e   211  and  t h e   t u b e   211  i s   i n c h e d  

f o r w a r d ,   w h i l e   t h e   s e c o n d   jaw  222  i s   i n c h e d   b a c k ,  

u n t i l   t h e   d r a w b a r   h a s   p a s s e d   t h e   saw  223.   The  o p e r a t o r  

can  t h e n   c u t   o f f   t h e   d r a w b a r   and  t h e   l e a d i n g   end  o f  

t h e   t u b e   211  and  b e g i n   n o r m a l   o p e r a t i o n .  



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

f rom  a  b e a r i n g   s t r i p   (11)  in  t h e   form  of  a  m e t a l   b a c k i n g  

(12)  h a v i n g   a  l i n i n g   (13)  of  b e a r i n g   m a t e r i a l ,   t h e  

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

t u b e   or  p a r t - c y l i n d r i c a l   f o rm  (29)  and  s u b s e q u e n t l y  

c u t t i n g   f o r m e d   s t r i p   (29)   to   t h e   r e q u i r e d   l e n g t h s ,  

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

t h e   s t r i p   (11)  t h r o u g h   a  f o r m i n g   d i e   ( 1 4 ) .  

2.  A  m e t h o d   as  c l a i m e d   in   C l a i m   1  c h a r a c t e r i s e d  

in   t h a t   on  s t a r t i n g   up,  t h e   l e a d i n g   end  of  t h e   s t r i p  

i s   p r e f o r m e d   to   a l l o w   i t   to   e n t e r   t he   d i e   (14)   a n d  

t h e   d i e   (14)   and  t h e   s t r i p   (11)   a r e   t h e n   s u b j e c t e d  

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

a s s i s t   t h e   p a s s a g e   of  t h e   s t r i p   (11)   t h r o u g h   t h e   d i e  

( 1 4 ) .  

3.  A  m e t h o d   as  c l a i m e d   in   C l a i m   1  or  C l a i m  

2  c h a r a c t e r i s e d   in  t h a t ,   p r i o r   to   p a s s i n g   t h r o u g h  

t h e   d i e   ( 1 3 1 ) ,   t h e   s t r i p   ( l l l )   i s   p a s s e d   t h r o u g h   a  

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

t u b e   f o r m i n g   m i l l   s t a n d s   ( 1 1 4 , 1 1 5 , 1 1 6 , 1 1 7 ) .  

4.  A  m e t h o d   as  c l a i m e d   in   any  p r e c e d i n g   c l a i m  

c h a r a c t e r i s e d   in  t h a t   t h e   s t r i p   c o n v e y e d   to   t h e   d i e  

i s   in   two  p a r t s   w h e r e b y   two  s e c t i o n s   a r e   d r awn   t h r o u g h  

t h e  d i e  t o g e t h e r   to   fo rm  a  c y l i n d r i c a l   t u b e   in  t w o  

h a l v e s .  



5.  A  m e t h o d   as   c l a i m e d   in   any   p r e c e d i n g   c l a i m  

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

p a s s i n g   t h e   t u b e   t h r o u g h   a  f i r s t   d i e   ( 2 1 2 )   in   an  o p e n  

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

d i e   (213)   in   a  c l o s e d   p a s s .  

6.  A  m e t h o d   as  c l a i m e d   in   any   p r e c e d i n g   c l a i m  

c h a r a c t e r i s e d   in   t h a t   t h e   t u b e   ( 2 1 1 ) i s   d r a w n   by  a  s y s t e m  

of  two  c o n t i n u o u s l y   r e c i p r o c a t i n g   j aws   ( 2 2 1 , 2 2 2 )   w h i c h  

g r i p   t h e   t u b e   ( 2 1 1 )   a l t e r n a t e l y .  

7.  A  m e t h o d   as  c l a i m e d   in   C l a i m   6  c h a r a c t e r i s e d  

in   t h a t   t h e   t u b e   ( 2 1 1 )   i s   c u t   i n t o   l e n g t h s   by  m e a n s  

of  a  f l y i n g   saw  ( 2 2 3 ) .  

8.  A  m e t h o d   as  c l a i m e d   in   any  of  C l a i m s   1 

t o   4  c h a r a c t e r i s e d   in   t h a t   t h e   f i n i s h e d   b l a n k s   ( 3 4 )  

a r e   s e v e r e d   by  m e a n s   of  c u t t i n g   r o l l e r s   (42)   h a v i n g  

h e l i c a l   c u t t i n g   e d g e s   (45)   w h i c h   a r e   c a u s e d   to   r o t a t e  

a b o u t   t h e   f o r m e d   t u b e   (29)   t h u s   p u l l i n g   t h e   t u b e   ( 2 9 )  

p a s t   t h e   c u t t i n g   r o l l e r s   (42)   and  p r o g r e s s i v e l y   s e v e r i n g  

t h e   f i n i s h e d   b l a n k s   ( 3 4 ) .  

9.  A p p a r a t u s   f o r   f o r m i n g   p l a i n   b e a r i n g s   ( 1 3 4 )  

f r o m   a  b e a r i n g   s t r i p   ( 1 1 1 )   c o n s i s t i n g   6f   a  m e t a l   b a c k i n g  

( l 1 2 )   and  a  l i n i n g   ( 1 1 3 )   of  b e a r i n g  m a t e r i a l ,   w h i c h  

c o m p r i s e s   a  f o r m i n g   m e c h a n i s m   a r r a n g e d   to   f o rm  t h e  

t u b e   i n t o   a  c y l i d r i c a l   or   p a r t - c y l i n d r i c a l   f o rm  a n d  

a  s e v e r i n g   m e c h a n i s m   (133)   a r r a n g e d   to   c u t   t h e   f o r m e d  

t u b e   (129)   i n t o   l e n g t h s   (134)   c h a r a c t e r i s e d   in   t h a t  

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

( 1 1 4 , 1 1 5 , 1 1 6 , 1 1 7 )   a r r a n g e d   to   r o l l   t h e   s t r i p   to   a  p a r t -  

c y l i n d r i c a l   f o r m   ( 1 2 7 ) ;   a  d i e   f o r m i n g   s t a t i o n   ( 1 3 1 )  

a r r a n g e d   to   f o rm  t h e   r o l l e d   s t r i p   ( 1 2 7 )   to   a  f i n a l  



d r a w n   c o n f i g u r a t i o n   ( 1 2 9 ) ;   and  a - d r a w i n g   m e c h a n i s m  

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

and  d i e   f o r m i n g   s t a t i o n s .  

10.  A p p a r a t u s   as  c l a i m e d   in   C l a i m   9  c h a r a c t e r i s e d  

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

of  t u b e   f o r m i n g   m i l l   s t a n d s   ( 1 1 4 , 1 1 5 , 1 1 6 , 1 1 7 ) .  

11.  A p p a r a t u s   as  c l a i m e d   in  C l a i m   9  or  C l a i m  

10  c h a r a c t e r i s e d   in   t h a t   t h e   d i e   f o r m i n g   s t a t i o n   c o m p r i s e s  

an  o p e n - p a s s   d i e   (212)   and  a  s u b s e q u e n t   c l o s e d - p a s s  

d i e   ( 2 1 3 ) .  

12.  A p p a r a t u s   as  c l a i m e d   in  any  of  C l a i m s   9  t o  

11  c h a r a c t e r i s e d   in  t h a t   t h e   d r a w i n g   m e c h a n i s m   c o m p r i s e s  

a  p a i r   of  c o n t i n u o u s l y   r e c i p r o c a t i n g   jaw  member s   ( 2 2 1 , 2 2 2 )  

a r r a n g e d   to   g r i p   t h e   d rawn   s t r i p   (211)   a l t e r n a t e l y .  

13.  A p p a r a t u s   as  c l a i m e d   in  any  of  C l a i m s  

9  to   12  c h a r a c t e r i s e d   in  t h a t   t h e   s e v e r i n g   m e c h a n i s m  

is   a  f l y i n g   saw  (223)   a r r a n g e d   to   move  in  s y c h r o n i s m  

w i t h   t h e   d r a w n   s t r i p   (211)  d u r i n g   i t s   s e v e r i n g   o p e r a t i o n .  

14.  A p p a r a t u s   as  c l a i m e d   in   any  of  C l a i m s  

9  to   13  c h a r a c t e r i s e d   by  a c c e l e r a t o r   r o l l s   a r r a n g e d  

to   c o n v e y   t h e   s e v e r e d   l e n g t h s   of  f o r m e d   s t r i p   on  t o  

a  r u n - o u t   t a b l e .  

15.  A p p a r a t u s   as  c l a i m e d   in   any  of  C l a i m   9 

to  14  c h a r a c t e r i s e d   by  a  d e v i c e   f o r   a t t a c h i n g   a  t a b  

to  t h e   o u t s i d e   of  t he   f o r m e d   s t r i p .  
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