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©  Self-aligning  mandrel  for  can  printing  machines. 

can  printing  machine  of  the  type  having  a  rotating 
assembly  of  mandrels  contacting  a  rotating  printing  blanket 
for  transferring  decoration  from  the  blanket  to  cans  on  the 
mandrels  is  provided  with  mandrel  assemblies  which  are 
axially  alignable  with  the  printing  blanket  to  permit  axially 
uniform  decoration  of  the  cans.  Each  mandrel  assembly 
comprises  a  rigid  central  member;  a  cylindrical  sleeve 
mounted  on  the  central  member  for  receiving  thereon  a  can 
to  be  printed;  first  mounting  means  pivotably  mounting  the 
sleeve  to  the  central  member  at  an  axial  midline  of  the  can; 
and  second  mounting  means  accommodating  pivoting  and 

positioning  the  sleeve  in  a  rest  position  to  permit loading  and 
unloading  of the  cans.  Since  the  sleeve  rotates  relative  to  the 
central  member  to  transfer  circumferential  decoration  from 
the  printing  blanket to  the  can, the  first  and  second  mounting 
means  permit  rotation  of  the  sleeve  and  rotatable  pivoting. 
The  mounting  means  comprise  frictionless  bearings, the  first 
mounting  means  preferably  comprising  a  ball  bearing 
assembly  to  permit  pivoting  and  the  second  mounting 
means  comprising  a  needle  bearing  assembly  resting  on 
resilient  rubber  0-rings  at  the  base  of the  central  member for 
accommodating  pivoting  and  for  positioning  of  the  sleeve. 





B a c k g r o u n d   of   t h e   I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to   can  p r i n t i n g  

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

can   d u r i n g   t h e   can   p r i n t i n g   o p e r a t i o n .  

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

c o n t i n u o u s   can   p r i n t i n g   m a c h i n e s ,   o p e r a t e   by  t he   i m p i n g e m e n t  

of   a  r o t a t i n g ,   i m a g e - c a r r y i n g   b l a c k e t   w h e e l   and  an  o p p o s i t e l y  

r o t a t i n g   can   c a r r y i n g   m a n d r e l   w h e e l .   The  b l a n k e t   w h e e l ,  

w h i c h   i s   a t   l e a s t   as  w i d e   as  t h e   l e n g t h   of   t he   c a n s ,   c a r r i e s  

a  s e r i e s   of  wet   i n k   i m a g e s   c i r c u m f e r e n t i a l l y   s p a c e d   on  i t s  

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

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

a s s e m b l i e s ,   o v e r   w h i c h   c a n s   a r e   f i t t e d .   The  c a n s   r o t a t e   o n  

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

and  s u r f a c e   of  t h e   b l a n k e t   w h e e l .   The  c a n s   r o t a t e   a b o u t  

t h e   m a n d r e l   to  c i r c u m f e r e n t i a l l y   r e c e i v e   t h e   image   f rom  t h e  

b l a n k e t   w h e e l .   Each   m a n d r e l   g e n e r a l l y   i n c l u d e s   s t r u c t u r e  

f o r   r e m o v i n g   c a n s   f rom  or   d r a w i n g   c a n s   o n t o   t he   m a n d r e l  

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

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

to  v a c u u m   a n d / o r   p r e s s u r i z e d   a i r   l i n e s .  

C o n v e n t i o n a l   t h i n k i n g   in   t h e   d e s i g n   of  m a n d r e l s  

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

to  t h e   m a n d r e l   w h e e l   in   o r d e r   to   m a i n t a i n   a l i g n m e n t   b e t w e e n  

t h e   l e n g t h   of   t he   can   and  t h e   b l a n k e t   w h e e l .   Any  m i s a l i g n -  

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

l i g h t e r   t o w a r d s   t h e   b o t t o m   or   t he   t op   of   t h e   c a n .   So  t h a t  

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



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

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

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

t h e   a r t .   U .S .   P a t e n t   3 , 3 5 6 , 0 1 9   d i s c l o s e s   a  m a n d r e l   h a v i n g  

an  o u t e r   s l e e v e   r o t a t a b l y   f i x e d   to   a  m a n d r e l   s h a f t   by  b a l l  

b e a r i n g s   a t   a x i a l   e n d s   of   t h e   m a n d r e l   s l e e v e .   S i m i l a r  

m a n d r e l   s t r u c t u r e   i s   shown  in   U .S .   P a t e n t   4 , 0 3 7 , 5 3 0 ,   i n  

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

m a n d r e l   away  f rom  t h e   b l a n k e t   w h e e l   to   p r e v e n t   p r i n t i n g   o f  

t h e   m a n d r e l   when  no  c a n   i s   on  t h e   m a n d r e l .   In  U .S .   P a t e n t  

3 , 3 8 8 , 6 8 6 ,   t h r e e   a x i a l l y   s p a c e d   b a l l   b e a r i n g s   a r e   u s e d  

b e t w e e n   the   m a n d r e l   s h a f t   and  t h e   s l e e v e .   The  m a n d r e l   s h a f t  

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

to   c o u n t e r a c t   d e f l e c t i o n   of  t he   m a n d r e l   s h a f t   by  p r e s s u r e   o f  

t h e   p r i n t i n g   b l a n k e t .  

I t   can   be  s e e n ,   t h e n ,   t h a t   d r a w b a c k s   a n d  

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

a l i g n m e n t   of  t he   m a n d r e l   f o r   p r o p e r   p r i n t i n g   by  t h e   b l a n k e t  

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

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

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

m e n t   i s   s l o p   or   p l a y   in   t h e   o t h e r   p a r t s   o f   t h e   m a n d r e l  

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

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

Summary  of   t he   I n v e n t i o n  

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

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

on  a  m a n d r e l   and  t h e   b l a n k e t   w h e e l .   The  p r e s e n t   m a n d r e l  

s t r u c t u r e   c o m p r i s e s   an  o u t e r   s l e e v e   w h i c h   i s   a x i a l l y   p i v o t a b l e  

t h r o u g h   360°  a b o u t   a  c i r c u l a r   m i d l i n e   a x i a l l y   p o s i t i o n e d  

a b o u t   midway  b e t w e e n   t h e   top   and  b o t t o m   o f   t h e   c a n .  

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

i n t e n d e d   f o r   u se   w i t h   t w o - p i e c e ,   d r a w n - a n d - i r o n e d   c a n s ,  
w h i c h   m u s t   be  p r i n t e d   as  c y l i n d e r s .   Any  t u b u l a r   or   o p e n -  
e n d e d   c y l i n d r i c a l   o b j e c t   may  be  p r i n t e d   on  t h e   p r e s e n t  

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

t e r m   " c a n s "   as  u s e d   h e r e i n   e n c o m p a s s   s u c h   o b j e c t s .  



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

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

f i x e d   on  t h e   p r i n t i n g   m a c h i n e ,   a  g e n e r a l l y   c y l i n d r i c a l  

s l e e v e   c i r c u m f e r e n t i a l l y   s u r r o u n d i n g   t he   c e n t r a l ' s h a f t  

member   and  s u p p o r t i n g   and  p o s i t i o n i n g   t h e r e o n   a  can   h a v i n g  

an  a x i a l   l e n g t h ,   and  m o u n t i n g   means   b e t w e e n   t he   s l e e v e   a n d  

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

r o t a t a b l e   and  p i v o t a b l e   m o u n t i n g   b e t w e e n   t he   s l e e v e   and  t h e  '  

c e n t r a l   s h a f t   w h e r e b y   a  can  on  t he   s l e e v e   can  be  p i v o t e d  

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

l e n g t h   as  i t   r o t a t e s   in   p e r i p h e r a l   c o n t a c t   w i t h   t h e   b l a n k e t  

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

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

on  t h e   s l e e v e .   The  m o u n t i n g   means   a r e   c o n s t r u c t e d   t o  

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

a m o u n t   of   p l a y   in   t h e   m a n d r e l   a s s e m b l y .   The  m o u n t i n g  

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

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

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

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

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

s h a f t   and  t h e   c y l i n d r i c a l   s l e e v e   a t   t h e   a x i a l   m i d l i n e   of   a  

can   on  t h e   s l e e v e   to  p r o v i d e   p i v o t i n g .   To  a c c o m m o d a t e  

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

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

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

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

a x i a l   m o v e m e n t   of  t h e   s l e e v e   r e l a t i v e   to   t h e   c e n t r a l   s h a f t .  

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

F i g .   1  i s   a  s i d e   v i e w   of   a  can  p r i n t i n g   m a c h i n e  

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

F i g .   2  i s   an  e x p l o d e d   v i e w   of   t h e   m a n d r e l   a s s e m b l y ;  

F i g .   3  i s   a  s i d e   s e c t i o n a l   v i e w   of   t h e   m a n d r e l  

a s s e m b l y   t a k e n   a l o n g   l i n e   3-3   of   F i g .   1;  a n d  

F i g .   4  i s   a  s i d e   s e c t i o n a l   v i e w   of  an  a l t e r n a t i v e  

e m b o d i m e n t   of  t h e   m a n d r e l   a s s e m b l y   of  F i g .   3 .  



D e s c r i p t i o n   of   t h e   P r e f e r r e d   E m b o d i m e n t  

In  G e n e r a l  

R e f e r r i n g   now  to   F i g .   1,  a  c o n v e n t i o n a l   h i g h  

s p e e d   c o n t i n u o u s   c an   p r i n t e r   i s   shown  w h e r e i n   c a n s   10  a r e  

f ed   t h r o u g h   an  i n f e e d   c h u t e   11  to   a  p o c k e t   w h e e l   12  

c o m p r i s i n g   a  p l u r a l i t y   of   p o c k e t s   13,   e a c h   h a v i n g   a  c o n c a v e  

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

by  g r a v i t y .   B e h i n d   t h e   p o c k e t   w h e e l   12,   in   c o a x i a l  

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

a  p l u r a l i t y   of  m a n d r e l   a s s e m b l i e s   15  w h i c h   a p p r o x i m a t e   t h e  

i n t e r n a l   d i a m e t e r   o f   t h e   c a n s   10  and  w h i c h   a r e   a l i g n e d  

w i t h   t h e   p o c k e t s   13  o f   t h e   p o c k e t   w h e e l   12  so  t h a t   c a n s  

may  be  s l i d   f rom  e a c h   p o c k e t   o n t o   a  c o r r e s p o n d i n g   m a n d r e l  

by  a n g l e d   f i n g e r s   and  a  b u r s t   of  c o m p r e s s e d   a i r .   Cans  a r e  

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

t h e   m a n d r e l .   Each   m a n d r e l   and  can  t h e r e o n   r o t a t e s   c o n -  

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

c i r c u l a r   p a t h   of   t r a v e l   in   t he   d i r e c t i o n   of   a r r o w   16  to  t h e  

v i c i n i t y   of   a  p r i n t i n g   b l a n k e t   w h e e l   17  m o u n t e d   in   r a d i a l  

o p p o s i t i o n   to   t h e   m a n d r e l   w h e e l   on  t h e   m a c h i n e   s t a n d   1 8 .  

The  b l a n k e t   w h e e l   17  i s   d r i v e n   in   t h e   d i r e c t i o n   of  a r r o w   20  

o p p o s i t e   to   t h e   d i r e c t i o n   of   a r r o w   16  and  c a r r i e s   on  i t s  

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

b e a r i n g   w e t   r e v e r s e   i n k   i m a g e s   to  be  t r a n s f e r r e d   to   t h e  

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

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

b l a n k e t   w h e e l   by  i n k i n g   r o l l e r s   22  m o u n t e d   on  t h e   m a c h i n e  

s t a n d   18,  t h e r e   b e i n g   one   s e t   of   i n k i n g   r o l l e r s   f o r   e a c h  

c o l o r   c o n t a i n e d   in   t h e   i n k   i m a g e .   In  t h e   v i c i n i t y   of   t h e  

b l a n k e t   w h e e l ,   t h e   m a n d r e l s   15  d e p a r t   f r om  t h e i r   c i r c u l a r  

p a t h   of  t r a v e l   and  move  in   a  p a t h   d e f i n e d   by  a  cam  t r a c k   i n  

a  c o n c a v e   p a t h   shown  in   e x a g g e r a t e d   fo rm  a t   23,  w h i c h  

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

Each   m a n d r e l   a s s e m b l y   15  c o m p r i s e s   a  r o t a t a b l e   m a n d r e l  

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

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

d e c o r a t i o n   of   t h e   can   by  t h e   b l a n k e t .   As  a  can   moves   t o w a r d s  



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

b e l t   24  e n g a g e s   t h e   m a n d r e l   s l e e v e   to   c a u s e   i t   to   r o t a t e   i n  

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

t h e   p r i n t i n g   b l a n k e t .   The  p r i n t i n g   o p e r a t i o n   i n v o l v e s  

c o n t a c t   b e t w e e n   t h e   r o t a t i n g   can   and  a  s e g m e n t   of   t h e  

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

p o r t i o n   23  of   t h e   m a n d r e l   a s s e m b l y   t r a c k .  

D u r i n g   t he   p r i n t i n g   o p e r a t i o n ,   a  can  may  be  d e n t e d  

or   f o r   some  o t h e r   r e a s o n   n o t   p r o p e r l y   s e a t e d   on  a  m a n d r e l  

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

s l e e v e   w i t h   i n k   f rom  t he   p r i n t i n g   b l a n k e t ,   a  " s k i p   p r i n t "  

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

s l e e v e   w i t h   t h e   p r i n t i n g   b l a n k e t .   For   t h e   p r e f e r r e d  

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

i s   u s e d   as  d e s c r i b e d   in  U .S .   P a t e n t   No.  4 , 0 3 7 , 5 3 0 ,   w h e r e i n  

t h e   m a n d r e l   arm  p i v o t s   s l i g h t l y   away  f rom  t he   b l a n k e t   w h e e l  

on  s i g n a l   f rom  an  e l e c t r o n i c   s e n s o r   and  as  f u r t h e r   d e s c r i b e d  

in   c o n n e c t i o n   w i t h   F i g .   2 .  

A f t e r   p r i n t i n g ,   t h e   c a n s   10  a g a i n   f o l l o w   a  

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

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

t a b l e   t r a n s f e r   w h e e l   26  m o u n t e d   f o r   r o t a t i o n   in  t h e   d i r e c t i o n  

of  a r r o w   28  p a r a l l e l   to   t h e   m a n d r e l   w h e e l   and  c o m p r i s i n g   a  

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

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

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

The  t r a n s f e r   d e v i c e s   30  a r e   c a r r i e d   on  t he   t r a n s f e r   w h e e l  

26  to   an  o u t p u t   c o n v e y o r   c h a i n   32  p o w e r e d   by  a  c h a i n   d r i v e  

34  and  c o m p r i s i n g   a  p l u r a l i t y  o f   p i n s   36.  The  p i n s   36  

e x t e n d   f r o m   t h e   c h a i n   t o w a r d s   t h e   c a n s   on  the   t r a n s f e r  

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

a  c an   on  t h e   t r a n s f e r   w h e e l   and  s u p p o r t s   t h e   can   u p o n  
r e m o v a l   of   s u c t i o n   f rom  t h e   s u c t i o n   c u p s   30.  The  c a n s   1 0  

on  t h e   p i n s   36  move  away  f rom  t h e   s u c t i o n   cups   and  t h e  

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

h a n d l i n g .  



M a n d r e l   Arm  A s s e m b l y  

R e f e r r i n g   now  to  F i g .   2,  a  m a n d r e l   w h e e l   a s s e m b l y  

i s   shown  in   c o n j u n c t i o n   w i t h   a  p o r t i o n   o f   a  c e n t r a l   hub  o r  

t u r r e t   w h e e l   38  m o u n t e d   c o a x i a l l y   w i t h   p o c k e t   w h e e l   12  a n d  

s u p p o r t i n g   a  m a n d r e l   a s s e m b l y   15  t h r o u g h   a  p i v o t a l   m a n d r e l  

h o l d e r   40  and  a  p i v o t a b l e   m a n d r e l   arm  42,   t h e r e   b e i n g   a  

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

a b o u t   t h e   t u r r e t   w h e e l .  

The  t u r r e t   w h e e l   38  c o m p r i s e s   a  p a i r   o f  

r a d i a l l y   o u t e r m o s t ,   o u t w a r d l y   e x t e n d i n g   e a r   p o r t i o n s   44,   4 6  

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

48  f o r   h o l d i n g   t h e   m a n d r e l   arm  42.  The  t u r r e t   w h e e l   3 8  

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

s h o u l d e r   p o r t i o n   50  l o c a t e d   r a d i a l l y   i n w a r d   of  t h e   e a r  

p o r t i o n s .   A  m o v a b l e   s t o p   b l o c k   a s s e m b l y   52  i s   m o u n t e d   t o  

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

c y l i n d e r - o p e r a t e d ,   a x i a l l y   m o v a b l e   p o s i t i o n i n g   b l o c k   54  

c o m p r i s i n g   a  f i r s t   l a t e r a l   s u r f a c e   56  and  a  s e c o n d   l a t e r a l  

s u r f a c e   58  s p a c e d   t h e r e f r o m   i n   a  c i r c u m f e r e n t i a l   r e l a t i o n -  

s h i p   r e l a t i v e   to   t h e   t u r r e t   w h e e l   38  as   i n d i c a t e d   b y  

a r r o w   6 0 .  

The  p i v o t a b l e   m a n d r e l   arm  42  c o m p r i s e s   a  r a d i a l l y  

e x t e n d i n g   arm  p o r t i o n   t e r m i n a t i n g   o u t w a r d l y   in   a  head   p o r t i o n  

62  and  i n w a r d l y   in  a  t i p   p o r t i o n   64  h a v i n g   a  p l a n a r   s u r f a c e  

o p p o s i t e   t h e   l a t e r a l   s u r f a c e s   56,   58  of   t h e   p o s i t i o n i n g  

b l o c k   54.  The  h e a d   p o r t i o n   62  c o m p r i s e s   a  s p l i t   s l e e v e   66  

f o r   r e c e i p t   of   a  m a n d r e l   h o l d e r   s h a f t   68  and  a  p a r a l l e l  

b o r e   70  f o r   c o n n e c t i o n   w i t h   t h e   s h a f t   48.   The  t i p   p o r t i o n  

64  of   t he   m a n d r e l  a r m   42  b e a r s   a x i a l l y   and  c i r c u m f e r e n t i a l l y  

e x t e n d i n g   t h r e a d e d   c o n n e c t o r s   65,  67  c o n n e c t e d   to   a  c o i l  

s p r i n g   69  w h i c h   i s   c o m p r e s s e d   a g a i n s t   t h e   t u r r e t   w h e e l   t o  

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

t h a t   of   a r r o w   60  t o w a r d s   one  o f   t h e   s u r f a c e s   56,   58  of  t h e  

s t o p   b l o c k   54.   A  s c r e w   71  i s   a d j u s t a b l y   t h r e a d e d   t h r o u g h  

t h e   t i p   p o r t i o n   64  of  t h e   m a n d r e l   arm  to   e n g a g e   the   s u r f a c e s  

56,   58  of  t h e   s t o p   b l o c k   5 4 .  

The  m a n d r e l   arm  42  i s   p i v o t e d   a b o u t   t h e   s u p p o r t  



s h a f t   48  by  e x t e n s i o n   and  r e t r a c t i o n   of   t h e   s t o p   b l o c k   5 4 ,  

w h i c h   d i s p l a c e s   t h e   s c r e w   71  and  t h e   m a n d r e l   arm  4 2 .  

E x t e n s i o n   and  r e t r a c t i o n   of   t he   s t o p   b l o c k   54  i s   c a r r i e d   o u t  

in   r e s p o n s e   to  an  e l e c t r o n i c   s e n s o r   d e t e c t i n g   t he   p r e s e n c e  

or  a b s e n c e   of  a  can   on  t h e   m a n d r e l   a s s e m b l y   15.   P i v o t i n g  

t he   m a n d r e l   arm  42  d i s p l a c e s   t he   m a n d r e l   h o l d e r   40  in  t h e  

d i r e c t i o n   of  a r r o w   73  to   r a d i a l l y   d i s p l a c e   t h e   m a n d r e l  

a s s e m b l y   15  a  s m a l l   d i s t a n c e   to   p r e v e n t   c o n t a c t   b e t w e e n  

t he   m a n d r e l   a s s e m b l y   and  t h e   p r i n t i n g   b l a n k e t   in   t h e   a b s e n c e  

of  a  can   on  t h e   m a n d r e l .  

The  m a n d r e l   h o l d e r   40  c o m p r i s e s   two  o p p o s i n g   r e a r  

and  f o r w a r d   p l a t e   p o r t i o n s   72,  74  j o i n e d   by  a  c o n n e c t i n g  

p o r t i o n   76.  The  r e a r   p l a t e   p o r t i o n   c o m p r i s e s   a  r e a r w a r d l y  

e x t e n d i n g   cam  r o l l e r   78  w h i c h   i s   g e n e r a l l y   c y l i n d r i c a l   a n d  

r i d e s   in   a  c a m  t r a c k   ( n o t   shown)  w h i c h   d i r e c t s   t he   cam  i n  

the   d i r e c t i o n   of  a r r o w   80  to  p i v o t   t h e   m a n d r e l   h o l d e r   a b o u t  

t h e   m a n d r e l   h o l d e r   s h a f t   68  and  c r e a t e   t h e   p r e v i o u s l y  

d e s c r i b e d   c o n c a v e   t r a c k   23  of  t h e   m a n d r e l .   The  r e a r   p l a t e  

72  f u r t h e r   c o m p r i s e s   a  b e a r i n g   s o c k e t   82  f o r   c o n t a i n i n g   a  

r o l l e r   b e a r i n g   8 4  w h i c h   s u p p o r t s   a  r e a r   p o r t i o n   of  t h e  

h o l d e r   s h a f t   68.  The  f o r w a r d   p l a t e   p o r t i o n   74  c o m p r i s e s   a n  

a p e r t u r e   86  f o r   s u p p o r t   of   r o l l e r   b e a r i n g   88  and  t h e  

f o r w a r d   p o r t i o n   of   t h e   h o l d e r   s h a f t   68.   The  h o l d e r   s h a f t  

68  i s   r e t a i n e d   in   t h e   m a n d r e l   h o l d e r   40  by  a  f l a n g e d   e n d  

p i e c e   90  and  e x t e n d s   t h r o u g h   t h e   p i v o t   arm  s l e e v e   66  t h r o u g h  

a p e r t u r e   89  to  p i v o t a l l y   s u p p o r t   t h e   m a n d r e l   a s s e m b l y   o n  

t he   p i v o t   w h e e l .   The  f o r w a r d   p l a t e   p o r t i o n   74  f u r t h e r  

c o m p r i s e s   an  a p e r t u r e   92  f o r   s u p p o r t   and  r e c e i p t   of  t h e  

m a n d r e l   a s s e m b l y   15  w h i c h   e x t e n d s   f o r w a r d l y   t h e r e f r o m .  

From  t h e   f o r e g o i n g   d e s c r i p t i o n   of   t h e   s u p p o r t  
s t r u c t u r e   f o r   t h e   m a n d r e l   a s s e m b l y   15 ,   i t   can  be  s e e n   t h a t  

n u m e r o u s   t o l e r a n c e s   and  i n a c c u r a n c i e s   may  i n t e r f e r e   w i t h  

t he   a x i a l   a l i g n m e n t   of  t h e   m a n d r e l   a s s e m b l y .   The  p o s i t i o n i n g  

of  t h e   m a n d r e l   a s s e m b l y   15  in   i t s   s u p p o r t   a p e r t u r e   92  i n  

t he   m a n d r e l   h o l d e r   w i l l   n a t u r a l l y   a f f e c t   i t s   a l i g n m e n t .   I n  

a d d i t i o n ,   t h e   s u p p o r t   and  h o l d e r   a p e r t u r e s   82,  86,  92  in  t h e  

m a n d r e l   h o l d e r   may  n o t   be  p a r a l l e l .   The  s i z e   and  l o c a t i o n  



of  t h e   a p e r t u r e s   in   t h e   t u r r e n t   w h e e l   e a r s   44,   46  m a y  
skew  t he   m a n d r e l   h o l d e r   40  by  a n g l i n g   t h e   h o l d e r   s h a f t   4 8 .  

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   of  a  b u s h i n g   94  u s e d   i n  

t h e   a p e r t u r e s   may  a l s o   skew  t h e   m a n d r e l   h o l d e r   s h a f t   4 8 .  

The  p o s i t i o n   of   t h e   s t e p p e d   s u r f a c e s   56,   58  on  t h e   p o s i t i o n -  

i n g   b l o c k   54  a f f e c t   t h e   p i v o t a l   p o s i t i o n   of  t h e   arm  4 2 .  

The  a d j u s t m e n t   of  t h e   s c r e w   71  a b u t t i n g   t he   s t e p p e d   s u r f a c e s  

56,   58  a l s o   a f f e c t s   t h e   p i v o t a l   m a n d r e l   p o s i t i o n .  

The  M a n d r e l   A s s e m b l y  

The  p r e s e n t   m a n d r e l   a s s e m b l y   15,   as   shown  i n  

F i g .   3,  c o m p r i s e s   a  c e n t r a l   s h a f t   96  and  a  c y l i n d r i c a l  

s l e e v e   98  s u r r o u n d i n g   t h e   s h a f t   and  s u p p o r t e d   on  t h e  s h a f t  

by  a  f i r s t   m o u n t i n g   m e a n s   100  p i v o t a l l y   m o u n t e d   t h e   s l e e v e  

and  a  s e c o n d   m o u n t i n g   m e a n s   102  p o s i t i o n i n g   t h e   s l e e v e   i n  

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

s l e e v e   98  can   move  i s   c o n t r o l l e d   by  t h e   m o u n t i n g   m e a n s   t o  

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

The  c e n t r a l   s h a f t   96  c o m p r i s e s   a  r e a r w a r d   s t u b  

p o r t i o n   104  and  an  a x i a l l y   f o r w a r d l y   e x t e n d i n g   s l e e v e  

s u p p o r t   p o r t i o n   106  e x t e n d i n g   s u b s t a n t i a l l y   t h e   l e n g t h   o f  

t h e   s l e e v e   98  f o r   g r e a t e r   s u p p o r t   of   t he   s l e e v e .   A  c e n t r a l  

f l u i d   p a s s a g e   l08   e x t e n d s   a x i a l l y   f rom  t h e   s t u b   p o r t i o n  

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

p o r t i o n   104  e x t e n d s   t h r o u g h   t h e   f o r w a r d   p l a t e   p o r t i o n   74  

t h r o u g h   s u p p o r t   a p e r t u r e   92  and  i s   s e c u r e d   t h e r e t o   by  a  

c y l i n d r i c a l   f l a n g e   p o r t i o n   l 1 0   a b u t t i n g   t he   f o r w a r d   s u r f a c e  

of   t h e   p l a t e   p o r t i o n   and  a  d r aw  n u t   112  t h r e a d e d   i n t o   a  r e a r  

s u r f a c e   of  t he   s t u b   p o r t i o n   and  a b u t t i n g   a  r e a r   s u r f a c e   o f  

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

i n t o   t h e   p l a t e   p o r t i o n   by  a  c y l i n d r i c a l   g r o o v e   114  e x t e n d i n g  

p e r p e n d i c u l a r l y   to   a  c e n t r a l   l o n g i t u d i n a l   a x i s   116  of   t h e  

m a n d r e l   a s s e m b l y   15  and  t h e   c e n t r a l   s h a f t   96.  The  s l e e v e  

s u p p o r t   p o r t i o n   106  i s   g e n e r a l l y   c y l i n d r i c a l ,   c o m p r i s i n g  

an  a x i a l l y   o u t w a r d l y   s t e p p e d   p o r t i o n   f o r   s u p p o r t   of   t h e  

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

117 .   The  f o r w a r d m o s t   p o r t i o n   of  t h e   c e n t r a l   s h a f t   96  c o m -  

p r i s e s   an  a n n u l a r ,   i n w a r d l y   s t e p p e d   p o r t i o n   118  h a v i n g   a  



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

119  of   a  f i r s t   m o u n t i n g   m e a n s ,   a  b a l l   b e a r i n g   a s s e m b l y   1 2 1 ,  

p e r p e n d i c u l a r   to  t h e   c e n t r a l   a x i s   116 .   The  f l u i d   p a s s a g e  

108  e x t e n d s   f r o m   a  r e a r w a r d   a p e r t u r e   120  in  t he   s t u b   p o r t i o n  

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

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

123  c o m p r i s e s   a  c e n t r a l   c a v i t y   to   r e c e i v e   an  end  n u t   1 2 2  

w h i c h   s e r v e s   to   r e t a i n   t he   i n n e r   r a c e   119  of  t he   f i r s t  

m o u n t i n g   m e a n s   b a l l   b e a r i n g   a s s e m b l y   1 2 1 .  

The  s l e e v e   member  98  i s   g e n e r a l l y   t u b u l a r ,   h a v i n g  

a  s m o o t h   c y l i n d r i c a l   o u t e r   s u r f a c e   126  o v e r   w h i c h ,   i n  

o p e r a t i o n ,   a  c an   10  i s   s l i d a b l y   s u p p o r t e d .   The  i n n e r  

c y l i n d r i c a l   s u r f a c e   128  i s   g e n e r a l l y   p a r a l l e l   to  t h e   o u t e r  

s u r f a c e   126  and  s p a c e d   f rom  t h e   c e n t r a l   s h a f t   96.  A 

r e t a i n i n g   r i n g   124  i s   h e l d   on  a  s l o t   in   t he   i n n e r   s u r f a c e  

128  of  t h e   m a n d r e l   s l e e v e   98  to   a x i a l l y   f o r c e   t he   o u t e r  

r a c e   of  t h e   b a l l   b e a r i n g   a s s e m b l y   121  a g a i n s t   t he   r e a r   w a l l  

of   t h e   r e c e s s   118  in   t h e   s l e e v e   to   p o s i t i o n   t he   o u t e r   r a c e  

p e r p e n d i c u l a r   to  t he   c e n t r a l   a x i s   l l 6 .   At  t he   r e a r w a r d  

p o r t i o n ,   t h e   s l e e v e   98  i s   s t e p p e d   a x i a l l y   o u t w a r d l y   f r o m  

a x i s   116  to   e n g a g e   an  o u t e r   r a c e   130  of  t he   n e e d l e   b e a r i n g  

a s s e m b l y   117 .   F o r w a r d l y   of  t h e   b a l l   b e a r i n g   a s s e m b l y   1 2 1 ,  

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

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

t h e   r e t a i n i n g   r i n g   124 .   At  i t s   f o r w a r d m o s t   p o r t i o n ,   t h e  

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

s u r f a c e   131  w h i c h   c o r r e s p o n d s   to   an  end  w a l l   p o r t i o n   1 3 2  

of  t h e   can   10  and  s e c u r e l y   s e a t s   t h e   can   in  a  p r e d e t e r m i n e d  

p o s i t i o n .  

The  p r e d e t e r m i n e d   p o s i t i o n   of  t he   can  10  i s   s u c h  

t h a t   i t   i s   h e l d   w i t h   i t s   s i d e   w a l l   p o r t i o n   134  f l u s h   a g a i n s t  

t h e   s l e e v e   s u r f a c e   126  by  vacuum  t h r o u g h   p a s s a g e   108  and  i t  

i s   f u r t h e r   d r awn   a x i a l l y   i n w a r d l y   by  t h e   vacuum  so  t h a t   i t s  

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

131,   132,   d e f i n e s   a  c i r c u l a r   m i d l i n e   136  p a s s i n g   m i d w a y  

b e t w e e n   t h e   t op   and  t he   b o t t o m   of   t h e   can  10  and  m i d w a y  

t h r o u g h   t h e   f i r s t   m o u n t i n g   means   1 0 0 .  



The  f i r s t   m o u n t i n g   m e a n s   100  c o m p r i s e s   t h e   b a l l  

b e a r i n g   a s s e m b l y   1 2 1 ,   w h i c h   i s   a  c o n v e n t i o n a l   b a l l   b e a r i n g  

h a v i n g   i n n e r   r a c e   119 ,   s e a t e d   in   t h e   c e n t r a l   s h a f t ,   a n  

o u t e r   r a c e   138  s e a t e d   in   t he   s l e e v e   member   98,  and  a  

p l u r a l i t y   of   s p h e r i c a l   b a l l s   142  h e l d   b e t w e e n   t he   r a c e s .  

S m a l l   p l a t e   m e m b e r s   144  may  be  p r o v i d e d   to   p r e v e n t   d u s t  

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

t h e   b a l l s   142  p e r m i t s   a  c e r t a i n   a m o u n t   o f   r o c k i n g   b e t w e e n  

t h e   i n n e r   and  o u t e r   r a c e s   119 ,   138  to   p r o v i d e   a  p i v o t i n g  

a c t i o n   t h r o u g h   360°  a b o u t   t h e   c i r c u l a r   m i d l i n e   1 3 6 .  

The  s e c o n d   m o u n t i n g   m e a n s   102  c o m p r i s e s   t h e  

n e e d l e   b e a r i n g   a s s e m b l y   117  w h i c h   i s   a  c o n v e n t i o n a l   n e e d l e  

b e a r i n g   h a v i n g   o u t e r   r a c e   130  r e t a i n i n g   a  p l u r a l i t y   o f  

c y l i n d r i c a l   n e e d l e s   146  f a c i n g   a x i a l l y   p a r a l l e l   to  c e n t e r -  

l i n e   116  to   r i d e   on  an  i n n e r   r a c e   1 4 8 .   W h i l e   b a l l   b e a r i n g s  

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

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

and  e a s i e r   to   a s s e m b l e ,   w i t h   g r e a t e r   a x i a l   t o l e r a n c e .   T h e  

o u t e r   r a c e   130  i s   p r e s s e d   i n t o   t h e   s t e p p e d   p o r t i o n   of  t h e  

i n n e r   s u r f a c e   128  of   t h e   s l e e v e   98.  The  i n n e r   r a c e   1 4 8  

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

O - r i n g s   150 ,   152  f i t t e d   i n t o   g r o o v e s   a r o u n d   a  c y l i n d r i c a l  

s u r f a c e   154  of   t h e   c e n t r a l   s h a f t .   The  O - r i n g s   e x t e n d  

b e y o n d   t h e   s u r f a c e   154  so  t h a t   t h e   r e s i l i e n t   n a t u r e   of   t h e  

O - r i n g s   d e t e r m i n e s   t h e   r e s t   p o s i t i o n   of   t h e   m a n d r e l   s l e e v e  

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

t h e   i n n e r   s u r f a c e   of   t h e   i n n e r   r a c e   1 4 8 .   The  p r e d e t e r m i n e d  

d i s t a n c e   b e t w e e n   t h e   s u r f a c e   154  b e a r i n g   t h e   0 - r i n g s  1 5 0 ,  

152  and  t h e   i n n e r   s u r f a c e   of  t he   i n n e r   r a c e   148 ,   r e s t i n g   o n  

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

t he   s l e e v e   98.   The  r e s t   p o s i t i o n   d e f i n e d   by  t h e   O - r i n g s  

a l i g n s   t h e   m a n d r e l   s l e e v e   98  w i t h   c e n t r a l   a x i s   116 .   In  t h e  

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

.008  i n .   ( 0 . 2   mm).  T h i s   d i s t a n c e ,   w h i l e   r e l a t i v e l y   s m a l l ,  

c o u l d   be  made  l e s s   in   t h e   c a s e   of  more   a c c u r a t e l y   p o s i t i o n -  

a b l e   m a n d r e l   a s s e m b l i e s ,   or   i t   c o u l d   be  made  much  g r e a t e r ,  

to  t h e   e x t e n t   t h a t   can   i . d .   e x c e e d s   s l e e v e   o . d . ,   w i t h o u t  



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

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

s k e w e d   by  t h e   p r e s p i n   b e l t   2 4 .  

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

a r e   p o s s i b l e .   O t h e r   f r i c t i o n l e s s   b e a r i n g s   t h a n   t h o s e  

d e s c r i b e d   may  be  u s e d .   0 - r i n g s   1 5 0 ,   152  may  be  p l a c e d  

b e t w e e n   t h e   o u t e r   r a c e   130  of   t h e   s e c o n d   m o u n t i n g  m e a n s   1 0 2  

and  t h e   s l e e v e   98.   The  r o l l i n g   e l e m e n t s   of   t h e   s e c o n d  

m o u n t i n g   means   c o u l d   t h e n   r i d e   d i r e c t l y   on  a  h e a t   t r e a t e d  

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

m o u n t i n g   means   may  be  p r o v i d e d   by  r o u n d i n g   an  o u t e r   r a c e  

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

r o c k   a g a i n s t   t he   o u t e r   r a c e .  

A l t e r n a t i v e   M a n d r e l   A s s e m b l y  

The  p r e v i o u s l y   d e s c r i b e d   m a n d r e l   a s s e m b l y   i s  

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

a s s e m b l i e s .   H o w e v e r ,   many  v a r i a t i o n s   a r e   p o s s i b l e   u t i l i z i n g  

t he   p r e s e n t   i n v e n t i v e   c o n c e p t s   in   e n t i r e l y   new  d e s i g n s .  

One  s u c h   v a r i a t i o n ,   as  shown  in  F i g .   4,  u t i l i z e s  

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

a s s e m b l y   156  and  a  s e c o n d   m o u n t i n g   means   c o m p r i s i n g   a  c o i l  

s p r i n g   158 .   The  m o u n t i n g   means   a r e   c o m p r i s e d   in   a  m a n d r e l  

a s s e m b l y   as  p r e v i o u s l y   d e s c r i b e d ,   w i t h   a  c e n t r a l   s h a f t   1 6 0  

c o n n e c t e d   t h r o u g h   end  n u t   162  to  a  f o r w a r d   p l a t e   p o r t i o n   7 4 ,  

h a v i n g   a  c e n t r a l   f l u i d   p a s s a g e   164 .   The  m a n d r e l   s l e e v e   1 6 8  

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

s u p p o r t i n g   a  can  10  and  b e i n g   r a d i a l l y   s p a c e d   f rom  t h e  

c e n t r a l   s h a f t   1 6 0 .  

The  s p e r i c a l b e a r i n g   156  p r o v i d e s   b o t h   r a d i a l   a n d  

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

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

a b o u t   360°  in   a  c i r c l e   l y i n g   d i a m e t r i c a l l y   a l o n g   t he   m i d l i n e  

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

i n n e r   r a c e   170 ,   an  o u t e r   r a c e   172  s p a c e d   t h e r e f r o m ,   a n d  

e l l i p s o i d   r o l l i n g   e l e m e n t s   174  b e t w e e n   t he   r a c e s .   The  i n n e r  

r a c e   170  i s   s l i d   r e a r w a r d l y   o n t o   t h e   c e n t r a l   s h a f t   160  t o  

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



c e n t r a l   s h a f t .   The  i n n e r   r a c e   170  i s   h e l d   a x i a l l y   by  a  s n a p  
r i n g   176  f i t t e d   in   a  g r o o v e   in  t h e   c e n t r a l   s h a f t   and  i s  

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

e l e m e n t s   174 .   The  o u t e r   r a c e   172  i s   s l i d   r e a r w a r d l y   a g a i n s t  

t h e   c y l i n d r i c a l   i n n e r   s u r f a c e   180  of   t h e   s l e e v e   168  to   a b u t  

a  r e t a i n i n g   r i n g   178  s e t   in   an  i n n e r   s u r f a c e   of  t h e   s l e e v e  

168.   The  o u t e r   r a c e   172  i s   h e l d   r a d i a l l y   f l u s h   a g a i n s t   t h e  

s l e e v e   by  t h e   r o l l i n g   e l e m e n t s   174  and  i s   u r g e d   r e a r w a r d l y  

by  t h e   c o i l   s p r i n g   1 5 8 .  

The  c o i l   s p r i n g   158  h a s   i t s   a x i a l   end  c o i l s   1 8 2 ,  

184  t u r n e d   and  g r o u n d   as  i s   known  in   t h e   a r t   to  make  t h e s e  

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

c e n t r a l   a x i s   of   t h e   s p r i n g .   The  c o i l   s p r i n g   t h e r e b y  

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

in   p o s i t i o n ,   c o a x i a l   w i t h   c e n t r a l   m a n d r e l   a x i s   116 ,   i t   m a y  
be  c o m p r e s s e d   a x i a l l y   a l o n g   any  l i n e   a b o u t   i t s   c i r c u m f e r e n c e  

by  t h e   a n g l i n g   of   t h e   m a n d r e l   s l e e v e . 1 6 8 ,   and  i t   w i l l   e x p a n d  

to   a l i g n   t h e   m a n d r e l   s l e e v e   p a r a l l e l   t o   t h e   c e n t r a l   a x i s   1 1 6  

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

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

The  s p r i n g   158  i s   s l i g h t l y   l e s s   in   d i a m e t e r   t h a n   t h e   i n t e r n a l  

d i a m e t e r   of  t h e   f o r w a r d   p o r t i o n   of  t h e   s l e e v e   168  i n t o   w h i c h  

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

f a c e   of  t h e   o u t e r   r a c e   172  of  t h e   s p h e r i c a l   b e a r i n g .   T h e  

s p r i n g   i s   c o m p r e s s e d   s l i g h t l y   by  a  l o c k i n g   r i n g   186  o u t -  

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

s u r f a c e   l80   of   t h e   m a n d r e l   s l e e v e   168  and  t h r e a d e d   r e a r w a r d l y  

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

The  r e a r w a r d   p o r t i o n   188  o f   t h e   i n n e r   s u r f a c e   o f  

t h e   m a n d r e l   s l e e v e   168  i s   s p a c e d   a  d i s t a n c e   f rom  an  o u t w a r d  

s u r f a c e   190  of   t h e   c e n t r a l   s h a f t   160  t o   p r o v i d e   f r e e   p i v o t i n g  

t h r o u g h   w h i c h   t h e   s l e e v e   can  move .   As  can   be  s e e n   in   F i g .   4 ,  

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

t h e   i n n e r   and  o u t e r   r a c e s   170 ,   172  of   t h e   b e a r i n g   a s s e m b l y .  

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

c o m p r e s s i o n   o f   t h e   s p r i n g   1 5 8 .  

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



t h e   s e c o n d   m o u n t i n g   m e a n s ,   s u c h   as  an  a r r a y   of  r a d i a l l y  

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

c e n t r a l   s h a f t   to   t h e   m a n d r e l   s l e e v e .  

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

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

u n d e r s t o o d   t h a t   many  of   t h e   i n v e n t i v e   c o n c e p t s   can  b e  

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

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

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

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



1.  A p p a r a t u s   f o r   s u p p o r t i n g   a  can   d u r i n g   p r i n t i n g  

of   t h e   c an   by  a  p r i n t i n g   m a c h i n e   h a v i n g   b l a n k e t   means   f o r  

a p p l y i n g   p r e s s u r e   to   t h e   can   to   t r a n s f e r   p r i n t i n g   to  t h e  

c a n ,   c h a r a c t e r i z e d  b y   a  r i g i d   s u p p o r t   member   f i x e d   on  s a i d  

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

f e r e n t i a l l y   m o u n t e d   on  s a i d   s u p p o r t   member   in   g e n e r a l l y  

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

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

c y l i n d r i c a l   c a n ,   s a i d   can   h a v i n g   an  a x i a l   l e n g t h ,   f i r s t  

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

r e l a t i v e   t o   s a i d   s u p p o r t   member   to   p e r m i t   p i v o t i n g   of   s a i d  

s l e e v e   r e l a t i v e   to   t h e   s u p p o r t  m e m b e r   b e t w e e n   a  r e s t   p o s i t i o n  

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

v a r i a b l e   p i v o t a l l y   d i s p l a c e d   n o n - c o a x i a l   p o s i t i o n s   r e l a t i v e  

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

l o c a t e d   in   t h e   v i c i n i t y   of   t h e   m i d - p o r t i o n   of   s a i d   a x i a l  

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

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

r e l a t i v e   to   s a i d   s u p p o r t   member   f o r   p o s i t i o n i n g   s a i d   s l e e v e  

i n   s a i d   r e s t   p o s i t i o n .  

2.  A p p a r a t u s   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 z e d   i n  

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

a l o n g   a  s u b s t a n t i a l   l e n g t h   of   t h e   s l e e v e .  

3.  A p p a r a t u s   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 z e d   i n  

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

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

i n t e r n a l   d i a m e t e r   g r e a t e r   t h a n   an  e x t e r n a l   d i a m e t e r   of  s a i d  

s l e e v e .  

4.  A p p a r a t u s   a c c o r d i n g   to   any  of  c l a i m s   1  to   3 ,  

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

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

and  0 - r i n g   m e m b e r s   b e t w e e n   s a i d   b e a r i n g   means   and  s a i d  

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

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

5.  A p p a r a t u s   a c c o r d i n g   to   any  of   c l a i m s   1  to   4 ,  



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

b e a r i n g   means   h a v i n g   an  i n n e r   r a c e   f i x e d   to   s a i d   s u p p o r t  

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

s a i d   i n n e r   r a c e ,   f i x e d   to   s a i d   s l e e v e ,   and  b e a r i n g s   b e t w e e n  

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

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

6.  A p p a r a t u s   a c c o r d i n g   to   any  o f   c l a i m s   1  to  5 ,  

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

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

7.  A p p a r a t u s   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 z e d  

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

s u p p o r t   member   and  s a i d   s l e e v e   by  r e s i l i e n t   0 - r i n g s   w h i c h  

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

p o s i t i o n .  

8.  A p p a r a t u s   a c c o r d i n g   to   any  of   c l a i m s   1  to  5 ,  

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

s p r i n g   means   e x e r t i n g   c i r c u m f e r e n t i a l l y   u n i f o r m   f o r c e  

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

9.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   8,  c h a r a c t e r i z e d  

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

of  s a i d   f i r s t   m o u n t i n g   m e a n s   f i x e d   on  s a i d   s l e e v e .  

10.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   8,  c h a r a c t e r i z e d  

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

member   m o u n t e d   c i r c u m j a c e n t   s a i d   s u p p o r t   m e m b e r .  
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