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©  Extrusion  machinery. 
  In  Conform  machinery  for  continuous  friction  actuated 
extrusion  the  wheel  is  made  up  of  at  least  three  parts, 
namely  two  cheeks  with  a  hub  between  them.  Annular 
coolant  passages  extend  between  these  members  and  are 
fed  by  ducts  (6,  8)  which  extend  at  least  through  the  cheek 
members.  These  ducts,  and  any  extending  through  the  hub 
are  lined  with  thermally-insulating  material  (10)  such  as 
PTFE.  This  greatly  reduces  thermal  stresses  around  the 
coolant  ducts,  which  can  be  a  cause  of  premature  and 
catastrophic  failure  of  the  wheel. 



T h i s   i n v e n t i o n   r e l a t e s   to   m a c h i n e r y   f o r  

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

e x c l u s i v e l y   of   m e t a l .   More  p a r t i c u l a r l y   i t   r e l a t e s   t o  

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

b e t w e e n   an  a r c u a t e   f i r s t   member  and  a  s e c o n d   member  in  t h e  

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

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

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

p a s s a g e w a y   t o w a r d s   one  end  ( t h e   e x i t   end)   t h e r e o f ,   a n  

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

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

member   or  t h r o u g h   an  a d j a c e n t   p a r t   of  t h e   a r c u a t e   f i r s t  

m e m b e r .  

The  a b u t m e n t   member  may  be  l a r g e   e n o u g h   to  b l o c k  

t h e   end  of  t h e   p a s s a g e w a y   c o m p l e t e l y   ( as   d e s c r i b e d   in  t h e  

s p e c i f i c a t i o n   o f   UK  P a t e n t   1 3 7 0 8 9 4 )   b u t   e s p e c i a l l y   when  t h e  

m a t e r i a l   to   be  e x t r u d e d   i s   a  r e l a t i v e l y   h a r d   m e t a l ,   s u c h   a s  

c o p p e r ,   we  p r e f e r   t h a t   t h e   a b u t m e n t   member  i s   o f  

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

l e a v e s   a  s u b s t a n t i a l   gap  b e t w e e n   t h e   a b u t m e n t   member  and  t h e  

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

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

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

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

e x t e n d s   t h r o u g h   t h e   c l e a r a n c e   and  r e m a i n s   as  a  l i n i n g   in  t h e  

g r o o v e   to  r e - e n t e r   t he   p a s s a g e w a y   w h i l e   t he   r e m a i n d e r   of  t h e  

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



o u r   UK  P a t e n t   No.  2 0 6 9 3 8 9 B .  

S u c h   m a c h i n e r y   i s   c o m m o n l y   known  as  " C o n f o r m "  

m a c h i n e r y ,   and  w i l l   be  r e f e r r e d   to   as  s u c h   h e r e i n a f t e r .  

The  w h e e l   of   C o n f o r m   m a c h i n e r y   is   s u b j e c t   t o  

v e r y   h i g h ,   and  c y c l i c ,   s t r e s s e s   and  i s   l i a b l e   to  p r e m a t u r e  

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

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

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

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

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

w h e e l   c o m p r i s i n g   two  c h e e k   m e m b e r s   and  a  c e n t r a l   hub  w h i c h  

f o r m s   t h e   b a s e   o f   t h e   p a s s a g e w a y .   H i t h e r t o   t h e   c h e e k  

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

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

s h o u l d   be  f o r m e d   by  s e p a r a t e   r i n g s ;   we  h a v e   e x p e r i m e n t e d  

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

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

a r e   g e n e r a l l y   p a r a l l e l   to   t h e   s i d e w a l l s   and  s p a c e d   f rom  t h e m  

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

of   t h e   w h e e l   g r o o v e ,   s u b j e c t   to  a  min imum  d i s t a n c e   o f   3  mm. 

T h e s e   two  f o r m s   of   w h e e l   ( f o r   b r e v i t y  

h e r e i n a f t e r   c a l l e d   " t h r e e - p a r t "   and  " f i v e - p a r t "  w h e e l s  

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

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

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

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

c o o l a n t   to   be  f ed   to   and  r e c e i v e d   f rom  t he   a n n u l a r  

p a s s a g e w a y s   by  d u c t s   e x t e n d i n g   t h r o u g h   t h e   c h e e k   m e m b e r s ;  

u s u a l l y   t h e r e   a r e   d u c t s   t h r o u g h   t h e   hub  as  w e l l ,   t h e   m o s t  



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

e a c h   of   f o u r   e q u a l l y   s p a c e d   e n t r y   d u c t s   in  one  c h e e k   m e m b e r ,  

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

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

c i r c u m f e r e n c e   ( s u b j e c t   to  t h e  e f f e c t   of  m i x i n g   w i t h   f l o w  

f r o m   t h e   n e x t   e n t r y   d u c t )   and  o u t   t h r o u g h   an  e x i t   d u c t  

t h r o u g h   t h e   o t h e r   c h e e k   member   a x i a l l y   a l i g n e d   w i t h   t h e  

r e s p e c t i v e   e n t r y   d u c t .  

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

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

r e s p e c t i v e   w h e e l   member  in  w h i c h   t h e   d u c t s   a r e   f o r m e d ,  s o  

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

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

w h e e l .  

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

e f f e c t   and  so  e n h a n c e s   a v e r a g e   w h e e l   l i f e .  

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   c o o l a n t  

d u c t s   t h r o u g h   t h e   c h e e k   m e m b e r s   a t   l e a s t   (and   p r e f e r a b l y  

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

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

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

b e t w e e n   t h e   p a r t s .  

Any  a d e q u a t e l y   h e a t -   and  f l u i d - r e s i s t a n t  

t h e r m a l l y   i n s u l a t i n g   m a t e r i a l   can  be  u s e d ,   b u t   we  p r e f e r   a  

h e a t - r e s i s t a n t   p l a s t i c s   m a t e r i a l   s u c h   as  PTFE 

( p o l y t e t r a f l u o r o e t h y l e n e ) .   E i t h e r   a  c o a t i n g   or  a  p r e - f o r m e d  

c l o s e - f i t t i n g   s l e e v e   can  be  u s e d ;   a  t h i c k n e s s   of  a r o u n d  

0 . 0 5   mm  g i v e s   an  a p p r e c i a b l e   b e n e f i t   b u t   a  t h i c k n e s s   o f  



1 - 1 . 5   mm  i s   r e c o m m e n d e d .   When  a  p r e - f o r m e d   s l e e v e   i s   u s e d  

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

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

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

no  k e y w a y s   a r e   u s e d   to   t r a n s m i t   d r i v e   b e t w e e n   p a r t s   o f   t h e  

w h e e l .  

The  i n v e n t i o n   w i l l   be  f u r t h e r   d e s c r i b e d ,   by  w a y  

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

w h i c h :   F i g u r e s   1  a n d   2  a r e   c r o s s - s e c t i o n s   t h r o u g h   t h e  

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

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

c i r c u m f e r e n c e   of   t h e   w h e e l   by  4 5 ° ;   and  F i g u r e   3  i s   a  d i a g r a m  

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

w h e e l .  

The  w h e e l   c o m p r i s e s   two  c h e e k   m e m b e r s   1,  a  hub  2 

and  a  p a i r   of   r i n g s   3.  The  r i n g s   3  and  t h e   h u b   2  b o u n d   t h e  

w o r k i n g   g r o o v e   4  and   a l l   t h e s e   m e m b e r s   a r e   e x p o s e d   to   a  p a i r  

o f   a n n u l a r   c o o l a n t   p a s s a g e s   5.  E n t r y   and  e x i t   d u c t s   6,  8  

t h r o u g h   t h e   c h e e k   m e m b e r s   and  t r a n s f e r   d u c t s   7  t h r o u g h   t h e  

hub  p r o v i d e   f o r   t h r o u g h   f l o w   of   f l u i d   and ,   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 ,   t h e s e   d u c t s   6,  7,  8  a r e   l i n e d   w i t h   PTFE 

t u b e s   9  w h i c h   h a v e   f l a n g e s   10  a t   t h e   end  a t   w h i c h   c o o l a n t   i s  

to   e n t e r   t h e m .  

As  b e s t   u n d e r s t o o d   f rom  F i g u r e   3,  t h e   c o o l a n t  

e n t e r s   f r o m   t h e   w h e e l   member   11  in  a  c o n v e n t i o n a l   m a n n e r   a n d  

p a s s e s   t h r o u g h   any   one  of  t h e   i n l e t   d u c t s   6  in  t h e   r i g h t  

h a n d   c h e e k   m e m b e r   6  w h i c h   c o n v e y s   i t   to  t h e   f i r s t   ( r i g h t  

h a n d )   a n n u l a r   p a s s a g e   5.  H e r e   t h e   f l o w   d i v i d e s   to  p a s s   i n  

b o t h   d i r e c t i o n s   a r o u n d   t h e   a n n u l a r   p a s s a g e w a y   5.  A f t e r  



f l o w i n g   r o u n d   a b o u t   45°  ( r e l a t i v e   to  t h e   a x i s   of   t h e   w h e e l )  

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

a t   t h e   n e x t   of   t h e   i n l e t   d u c t s   6,  m i x e s   w i t h   i t ,   and  f l o w s  

t h r o u g h   t h e   d u c t   7  to   t h e   s e c o n d   ( l e f t   h a n d )   a n n u l a r  

p a s s a g e w a y .   Here   t h e   m i x e d   f l o w   d i v i d e s   a g a i n ,   f l o w i n g   i n  

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

d u c t s   8  w h i c h   a r e   a l i g n e d   w i t h   t h e   e n t r y   d u c t s   6  t h r o u g h  

w h i c h   i t   f i r s t   c a m e .   ( I n   F i g u r e   3,  1-1  and   I I - I I   e a c h  

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

to   F i g u r e s   1  a n d   2  r e s p e c t i v e l y ) .  

In  a  p r a c t i c a l   e x a m p l e ,   a  C o n f o r m   m a c h i n e   had  a  

w h e e l   of   t h e   d e s i g n   shown  in  F i g u r e s   1  a n d   2  w i t h   a  

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

m i l l i m e t r e s   s q u a r e .   The  c o o l a n t   d u c t s   (6 ,   7,  8)  w e r e   8  mm 

in  d i a m e t e r ,   and  t he   PTFE  s l e e v e s   10  h a d   an  i n t e r n a l  

d i a m e t e r   of   6  mm  and  a  w a l l   t h i c k n e s s   o f   1  mm,  so  as  to  f i t  

t h e   d u c t s   w i t h o u t   n o m i n a l   c l e a r a n c e .   The  f l a n g e s   10  w e r e   2 

mm  t h i c k   and  had  an  o u t s i d e   d i a m e t e r   o f   10  mm. 

The  q u a n t i t a t i v e   e f f e c t   of  t h e s e   t h e r m a l l y -  

i n s u l a t i n g   t u b e s   may  be  e s t i m a t e d   as  f o l l o w s : -  

For  an  i n f i n i t e   h o l l o w   c i r c u l a r   c y l i n d e r   w i t h   i n t e r n a l   a n d  

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

t e m p e r a t u r e   Ta  a t   r a d i u s   r  =  a  and  Tb  a t   r  =  b,   t h e  

t e m p e r a t u r e   d i s t r i b u t i o n s   T ( r )   i s   g i v e n   by  C o n d u c t i o n   o f  

H e a t   in  S o l i d s ,   H.  S.  C a r s l o w   &  J .   C.  J a e g e r ,   O x f o r d  

U n i v e r s i t y   P r e s s   1 9 5 9  



The  c i r c u m f e r e n t i a l   c o m p o n e n t   i f   s t r e s s   σ@  due  to  a  

t e m p e r a t u r e   d i s t r i b u t i o n   T ( r )   i s   g i v e n   by  T h e o r y   o f  

E l a s t i c i t y ,   S.  T i m o s h e n k o   &  J.   N.  G o o d i e r ,   McGraw  H i l l  

Where   a  i s   t h e   t h e r m a l   e x p a n s i o n   c o e f f i c i e n t ,   E  t h e   Y o u n g s  

M o d u l u s   a n d  ν   i s   a  c o n s t a n t .  

T h e n ,   s i n c e  

s u b s t i t u t i n g   in  (2)  and  e v a l u a t i n g   a t   r  =  a ,   g i v e s   ( 3 )  

1 
For   v e r y   l a r g e   b  ( s u c h   t h a t   b  may  be  n e g l e c t e d )  

a   21n  a  

we  h a v e  

b u t   e v e n   w i t h  b   as  s m a l l   as  5 ,  
a  

Thus   f o r   l a r g e   
(b)  t h e   s t r e s s   g i v e n   by  (3)   i s   n o t  

a  ( b )  
c r i t i c a l l y   d e p e n d e n t   on  a   and  (4)  can  be  u sed   as  a  f a i r  

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

an  i r r e g u l a r l y   s h a p e d   s o l i d .  



T a k i n g   v a l u e s   f o r   BH13  s t e e l  

E  =  2 . 1 6   x  1 0 1 1 N / m 2  

a  =   1 . 2 5   x  1 0 - 5 ° C   - 1  

v  =   0 . 3  ,   and  a s s u m i n g   T b  -   Ta  =  5 0 ° C  

g i v e s ,   u s i n g   ( 4 ) ,   σ@ =   190  MN/m2 

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

K,  and  i n t e r n a l   r a d i u s   c  i n t o - t h e   h o l e   in  F i g u r e   1  a n d  

t h e n   t a k i n g   t h e   i n t e r n a l   r a d i u s   to   be  a t   t e m p e r a t u r e   T a ,  

is   to   m o d i f y   t h e   t e m p e r a t u r e   a t   r  =  a  to   b e  

T a k i n g   K2  =  t h e r m a l   c o n d u c t i v i t y   of  H 1 3  =   25  W m - 1 ° C - 1  

K1  =  t h e r m a l   c o n d u c t i v i t y   o f   PTFE  =  0 . 0 1 5   W m - 1 ° C - 1  

and  i f  a   i s   of   t h e   o r d e r   of   1 . 5   t h e n   u n l e s s  b   w e r e   t o  
c  c  

e x c e e d   s a y   1 0 3 0 ,  

t h e n   T a l  @   T b  a n d   t h e   t h e r m a l   s t r e s s   i s   a l m o s t   e n t i r e l y  

r e m o v e d .  

B e c a u s e   our   r e s e a r c h e s   r e v e a l e d   a  n u m b e r   o f  

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

s t r i c t   e x p e r i m e n t a l   c o m p a r i s o n   is  n o t   a v a i l a b l e .   H o w e v e r ,  

when  a  w h e e l   of   t h e   same  m a j o r   d i m e n s i o n s   b u t   w i t h   t h e  

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

was  u s e d   to  e x t r u d e   p a r t i c u l a t e   c o p p e r ,   s e v e n   f a i l u r e s   o f  

t h e   c h e e k   m e m b e r s   o c c u r r e d   by  t h e   t i m e   170  t o n n e s   o f  

c o p p e r   had   b e e n   e x t r u d e d   (mean   24  t o n n e s   pe r   f a i l u r e ) .  

E x a m i n a t i o n   s h o w e d   t h a t   two  of  t h e s e   f a i l u r e s   had   b e e n  

i n i t i a t e d   a t   c o o l a n t   b o r e s   ( o n c e   s u c h   f a i l u r e   p e r   1 1 2  



t o n n e s ) .   The  o t h e r s   w e r e   i n i t i a t e d   a t   k e y w a y s   ( 3 ) ,   a t   a  

s h a r p l y   m a c h i n e d   i n t e r n a l   c o r n e r   (1)  and  a t   a  g r o o v e  

c o r n e r   (1)  and  a r e   n o t   r e l e v a n t   to  t h e   p r e s e n t   i n v e n t i o n .  

The  e l i m i n a t i o n   of  k e y w a y s   and  u se   of  s e p a r a t e  

r i n g s   3  i s   c o n s i d e r e d   u n l i k e l y   to   h a v e   had   any  s i g n i f i c a n t  

e f f e c t   on  t h e   r a t e   o f   f a i l u r e   a t   c o o l a n t   d u c t s ;   t h e  

m a c h i n e   d e s c r i b e d   h e r e i n   by  way  of   e x a m p l e   h a s   so  f a r  

e x t r u d e d   260  t o n n e s   o f   c o p p e r  u n d e r   t h e   same  c o n d i t i o n s  

w i t h o u t   any   f a i l u r e s   o f   t h e   c h e e k   m e m b e r s   w h a t s o e v e r .  



1.  C o n f o r m   m a c h i n e r y   in  w h i c h   t h e   w h e e l   c o m p r i s e s  

two  c h e e k   m e m b e r s   and  a  c e n t r a l   hub  w i t h   p r o v i s i o n   f o r  

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

m e m b e r s   and  t h e   hub  i n c l u d i n g   d u c t s   e x t e n d i n g   t h r o u g h   t h e  

c h e e k   m e m b e r s   d i s t i n g u i s h e d   by  t h e   f a c t   t h a t   t h e   d u c t s  

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

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

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

2.  C o n f o r m   m a c h i n e r y   in   a c c o r d a n c e   w i t h   C l a i m   1  i n  

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

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

3.  C o n f o r m   m a c h i n e r y   as  c l a i m e d   in  C l a i m   1  o r  

C l a i m   2  in  w h i c h   t h e   whee l   g r o o v e   is   f o r m e d   by  t h e   c e n t r a l  

hub   and  two  r i n g s   s e p a r a t e   f rom  t h e   c h e e k   m e m b e r s .  

4.  C o n f o r m   m a c h i n e r y   as  c l a i m e d   in  C l a i m   3  in  w h i c h  

s l i p   s u r f a c e s   b e t w e e n   t h e   chcek   m e m b e r s   and  t he   r i n g s   a r e  

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

s p a c e d   f rom  them  a  d i s t a n c e   nct  l e s s   t h a n   h a l f   nor   m o r e  

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

min imum  d i s t a n c e   of  3  mm. 

5.  C o n f o r m   m a c h i n e r y   as  c l a i m e d   in  any  one  of  t h e  

p r e c e d i n g   c l a i m s   in  w h i c h   no  k e y w a y s   a r e   u s e d   b e t w e e n  

p a r t s   of  t h e   w h e e l .  
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