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@  Extrusion  of  Metal. 

  A  die  unit  for  radial  Conform  extrusion  machinery  has  a 
surface  (21)  round  the  entrance  to  the  die  (16)  which  is  iso- 
lated  from  any  other  surface  in  contact  with  the  material  be- 
ing  extruded  to  the  extent  that  strain  induced  in  that  surface 
by  the  drag  of  material  entering  the  die  is  substantially  inde- 
pendent  of  strain  induced  in  any  other  surface,  said  surface 
having  major  dimensions  from  the  die  orifice  to  its  periph- 
ery  which  differ  from  one  another  by  no  more  than  ±  25%. 



T h i s   i n v e n t i o n   r e l a t e s   to   a  d i e   u n i t   a n d  

m a c h i n e r y   f o r   e x t r u s i o n   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   i s  

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   m e m b e r  

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   in  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 h e   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   a  p a r t   o f  

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

Such   m a c h i n e r y   is   c o m m o n l y   known  as  r a d i a l  

" 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 .  

No  d o u b t   b e c a u s e   of  t h e   e x t r e m e   a s s y m e t r y   of  t h e  

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

e x t r u s i o n   may  d i f f e r   s i g n i f i c a n t l y   in  s h a p e   f rom  t h e   d i e  

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

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

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

t h i s   e f f e c t .  

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

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

e n t r a n c e   t o   t h e   d i e   w h i c h   i s   i s o l a t e d   f rom  any  o t h e r   s u r f a c e  

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

t h a t   s t r a i n   i n d u c e d   in  t h a t   s u r f a c e   by  t h e   d r a g   of  m a t e r i a l  

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

i n d u c e d   in  any   o t h e r   s u r f a c e ,   s a i d   s u r f a c e   h a v i n g   m a j o r  

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

d i f f e r   f r o m   one  a n o t h e r   by  no  more   t h a n  +   2 5 % .  

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

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

c o m p r i s e s   a  d i e   member   h a v i n g   an  o r i f i c e   w h i c h   f o r m s   a  d i e  

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

t h e   e n t r a n c e   to   t h e   d i e   w h i c h   i s   i s o l a t e d   f rom  any  o t h e r  

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

e x t e n t   t h a t   s t r a i n   i n d u c e d   in  t h a t   s u r f a c e   by  t h e   d r a g   o f  

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

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

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

d i f f e r   f r o m   one  a n o t h e r   by  no  more   t h a n  +   2 5 % .  

The  b e n e f i t s   of  t h e   i n v e n t i o n   a r e   g r e a t e s t   w h e n  



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

be  u s e d   w i t h   a d v a n t a g e   w i t h   an  i n s e r t   d i e .  

The  d i e   u n i t   i s   m o s t   s u i t a b l y   e m p l o y e d   as  a  

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

d i r e c t l y   f o r m e d   in  t h e   a r c u a t e   f i r s t   member   of  t h e   m a c h i n e  

or  made  in  one  p i e c e   w i t h   t h e   a b u t m e n t .  

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

d e f i n e d   by  a  b o u n d a r y   b e t w e e n   two  (o r   m o r e )   s e p a r a t e   m e m b e r s  

or  by  one  or  more   t h a n   one  r e c e s s   of   s u f f i c i e n t   d e p t h   a n d  

e x t e n t   to   p r o v i d e   t h e   r e q u i r e d   i s o l a t i o n .  

P r e f e r a b l y ,   a t   l e a s t   p a r t   of   t h e   p e r i p h e r y   i s  

d e f i n e d   by  a t   l e a s t   one  r e c e s s .  

I d e a l l y ,   a l l   t h e   r a d i a l   d i m e n s i o n s   of   t h e  

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

e q u a l .   In  t h i s   c a s e   we  p r e f e r   t h e   s u r f a c e   p e r i p h e r y   to   b e  

d e f i n e d   by  an  a n n u l a r   g r o o v e   in  t h e   f r o n t   f a c e   of  t h e   d i e  

member   or  d i e - h o l d e r   h a v i n g   i t s   c e n t r e   a t   t h e   d i e   o r i f i c e .  

H o w e v e r ,   we  h a v e   f o u n d   t h a t   a c c e p t a b l e   a n d  

u s e f u l   r e s u l t s   can  be  a c h i e v e d   more   e a s i l y   w i t h   an  i s o l a t e d  

s u r f a c e   w h i c h   a p p r o x i m a t e s   to  a  s q u a r e ,   e s p e c i a l l y   a  s q u a r e  

w i t h   a  s i d e   e q u a l   to   t h e   w i d t h   of   t h e   e x t r u s i o n   p a s s a g e w a y .  

Such   a  s q u a r e   i s o l a t e d   s u r f a c e   can  be  f o r m e d   u s i n g   a  

s t r a i g h t   g r o o v e   e x t e n d i n g   a c r o s s   t h e   d i e   member   or  d i e  

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

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

t h e   s i d e   of   t h e   d i e   r e m o t e   f rom  t h e   a b u t m e n t .   Bo th   t h e s e  

a l t e r n a t i v e s   a r e   e a s i e r   to   fo rm  t h a n   an  a n n u l a r   g r o o v e ,  

u s i n g   a  m i l l i n g   c u t t e r   (o r   a  saw)  and  a  d r i l l   r e s p e c t i v e l y .  

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



e x t r u s i o n   in  w h i c h   t h e   m a c h i n e r y   or  t h e   d i e   u n i t   d e s c r i b e d  

i s   u s e d   and  p r o d u c t s   of   t h e s e   m e t h o d s .  

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

way  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  

in  w h i c h : -  

F i g u r e   1  i s   a  c r o s s - s e c t i o n   of   p a r t   of  a  r a d i a l  

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   o u r   UK  P a t e n t   N o .  

2 0 6 9 3 8 9 B ) ;  

F i g u r e s   2  and  3,  4  and  5,  and  6  and  7  a r e  

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

In  t h e   C o n f o r m   m a c h i n e   shown  in  F i g u r e   1,  a  

w h e e l   1  ( t h e   c u r v a t u r e   of   w h i c h   is   t o o   s l i g h t   to   be  v i s i b l e  

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

f o r m s   t h r e e   w a l l s   o f   t h e   w o r k i n g   p a s s a g e w a y   3.  The  f o u r t h  

w a l l   i s   f o r m e d   by  an  a s s e m b l y   c o m p r i s i n g   a  s h o e   4  (a  s m a l l  

p o r t i o n   of   w h i c h   i s   s h o w n ) ,   and  an  a b u t m e n t   5  p r o j e c t s   i n t o  

t h e   p a s s a g e w a y .  

A  r a d i a l   e x t r u s i o n   d i e   6  i s   f o r m e d   in  a  d i e  

m e m b e r   7  ( w h i c h   i s   p r e f e r a b l y   a  s e p a r a t e   c o m p o n e n t   as  s h o w n ,  

t h o u g h   i t   m i g h t   be  i n t e g r a l   w i t h   e i t h e r   t h e   a b u t m e n t   or  t h e  

s h o e ) .  

T h e  s h o e ,   a b u t m e n t   and  d i e   a r e a   a r e   of  h i g h -  

s t r e n g t h   m a t e r i a l s   and  a r e   h e l d   in  p o s i t i o n   by  h e a v y - d u t y  

s u p p o r t   m e m b e r s   ( n o t   s h o w n ) ,   and  c o o l i n g   means   i s   p r o v i d e d .  

F i g u r e s   2  and  3  a r e   m u t u a l l y   p e r p e n d i c u l a r   v i e w s  

of   an  i d e a l   d i e   u n i t   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 .   A 

d i e   16  i s   f o r m e d   in  t h e   d i e   h o l d e r   7  and  i s   r e l i e v e d   by  a  

c o u n t e r b o r e   9  t o   p r o v i d e   a  c l e a r a n c e   a r o u n d   t h e   e x t r u d e d  



p r o d u c t .   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   d i e   o r i f i c e  

i s   s u r r o u n d e d   by  an  a n n u l a r   g r o o v e   18  d e e p   e n o u g h   ( s a y  

2 -3   mm  d e e p )   to   i s o l a t e   t h e   e n c l o s e d   s u r f a c e   19  f rom  t h e  

s u r r o u n d i n g   s u r f a c e   20  in  t h e   s e n s e   t h a t   any   d e f o r m a t i o n  

of   t h e   s u r f a c e   20  i n d u c e d   by  t h e   d r a g   of  t h e   m a t e r i a l  

e x t r u d e d   w i l l   n o t   be  t r a n s m i t t e d   to   t h e   e n c l o s e d   s u r f a c e   1 9  

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

F i g u r e s   4  and  5  a r e   m u t u a l l y   p e r p e n d i c u l a r   v i e w s  

of   a  more   p r a c t i c a l   d i e   u n i t   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   in   w h i c h   t h e   i s o l a t e d   s u r f a c e   21  i s   s u b s t a n t i a l l y  

s q u a r e   and  i s   d e f i n e d   on  t h r e e   s i d e s   by  t h e   e d g e s   of  t h e   d i e  

member   7  and  on  t h e   u p s t r e a m   s i d e   by  a  g r o o v e   15  m i l l e d   o r  

o t h e r w i s e   c u t  a c r o s s   t h e   f a c e   of  t h e   d i e   m e m b e r .   The  g r o o v e  

may  b e ,   f o r   e x a m p l e ,   1  mm  w i d e   by  2  mm  d e e p .  

F i g u r e s   6  and   7  a r e   m u t u a l l y   p e r p e n d i c u l a r   v i e w s  

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

F i g u r e s   4  and  5  e x c e p t   t h a t   t h e   f r o n t   s i d e   of  t h e   i s o l a t e d  

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

c i r c u l a r   d e p r e s s i o n   12  f o r m e d ,   f o r   i n s t a n c e ,   by  d r i l l i n g ,  

s u i t a b l e   d i m e n s i o n s   f o r   a  9  mm  w h e e l   g r o o v e   b e i n g   6  mm 

d i a m e t e r   by  2 . 5   mm  d e e p   ( a t   t h e   e d g e s ) .   B e c a u s e ,   u n d e r   t h e  

e x t r e m e   s t r e s s e s   p r e s e n t   u n d e r   . c o n d i t i o n s   o f  u s e ,   t h e   n a r r o w  

p o r t i o n s   13,  13  a r e   r e l a t i v e l y   f l e x i b l e ,   t h e   a r e a   14  a r o u n d  

t h e   d i e   i s   e f f e c t i v e l y   i s o l a t e d .   C o m p a r e d   w i t h   F i g u r e s   4  

and  5,  t h i s   d e s i g n   h a s   t h e   m e r i t   t h a t   t h e r e   i s   no  a d v e r s e  

e f f e c t   on  t h e   r i s k   of   f l a s h   l e a k a g e   a t   t h e   s i d e s   of  t h e   d i e  

m e m b e r .  



In  a  p a r t i c u l a r   e x a m p l e ,   t h e   d i e   u n i t   f o r   use   i n  

a  9  mm  g r o o v e   i s   of   t h e   a l l o y   I n c o n e l ,   r e g i s t e r e d   u n d e r   t h e  

t r a d e   mark   " I n c o n e l   A l l o y   7 1 8 " ,   f u l l y   d e s c r i b e d   in  o u r  

B r i t i s h   P a t e n t   A p p l i c a t i o n   S e r i a l   No.  2 1 0 2 3 2 1 A   and  i s   of  t h e  

f o r m   shown  in  F i g u r e s   6  and  7.  The  c i r c u l a r   d i e   i s   2 . 5 0 0   mm 

in  d i a m e t e r   and  t h e   c i r c u l a r   d e p r e s s i o n   i s   6 . 0   mm  i n  

d i a m e t e r   and  2 . 5 0 0 m m   d e e p .   The  c o p p e r   w i r e   e x t r u d e d   has   a  

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

2 . 4 6 0   mm +  0 . 0 0 7   mm  w h e r e a s ,   u n d e r   t h e   same  c o n d i t i o n s ,   w i r e  

p r o d u c e d   u s i n g   a  known  d i e   u n i t   of  F i g u r e s   2  and  3  w i t h   t h e  

same  s i z e   d i e   a p e r t u r e   had   a  s e r i o u s l y   n o n - c i r c u l a r   c r o s s -  

s e c t i o n   w i t h   d i a m e t e r   r a n g i n g   f r o m   2 . 4 3 2   mm  t o   2 . 4 6 5   mm. 

S i m i l a r   r e s u l t s   w e r e   o b t a i n e d   u s i n g   a  d i e   u n i t  

o f   t h e   f o r m   shown  in  F i g u r e s   4  and   5,  w h e r e i n   t h e   d i e   i s  

2 . 5 0 0   mm  in  d i a m e t e r   and  t h e   s t r a i g h t   g r o o v e   i s   1 . 0   mm  w i d e  

and   2 . 0   min  d e e p .  



1.  R a d i a l   C o n f o r m   e x t r u s i o n   m a c h i n e r y   c h a r a c t e r i s e d  

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

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

e x t r u d e d   to   t h e   e x t e n t   t h a t   s t r a i n   i n d u c e d   in   t h a t   s u r f a c e   b y  

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

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

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

p e r i p h e r y   w h i c h   d i f f e r   f r o m   one  a n o t h e r   by  no  more   t h a n  

+  2 5 % .  

2.  R a d i a l   C o n f o r m   e x t r u s i o n   m a c h i n e r y   as  c l a i m e d   i n  

C l a i m   1,  c h a r a c t e r i s e d   in   t h a t   a t   l e a s t   p a r t   of   t h e   p e r i p h e r y  

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

r e c e s s .  

3.  R a d i a l   C o n f o r m   e x t r u s i o n   m a c h i n e r y   as  c l a i m e d   i n  

C l a i m   1,  c h a r a c t e r i s e d   in   t h a t   t h e   p e r i p h e r y   of   t h e   i s o l a t e d  

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

t h e   d i e   o r i f i c e .  

4.  R a d i a l   C o n f o r m   e x t r u s i o n   m a c h i n e r y   as  c l a i m e d   i n  

C l a i m   1,  c h a r a c t e r i s e d   in   t h a t   t h e   i s o l a t e d   s u r f a c e   i s  

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

member   and  a  s t r a i g h t   g r o o v e   e x t e n d i n g   a c r o s s   t h e   d i e  

m e m b e r .  

5.  R a d i a l   C o n f o r m   e x t r u s i o n   m a c h i n e r y   as  c l a i m e d   i n  

C l a i m   1  c h a r a c t e r i s e d   in   t h a t   t h e   i s o l a t e d   s u r f a c e   i s   d e f i n e d  

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

c u t   i n t o   t h e   f a c e   of   t h e   d i e   member   and  s p a c e d   f rom  t h e   d i e  

e n t r a n c e   on  t h e   s i d e   of   t h e   d i e   r e m o t e   f r o m   t h e   a b u t m e n t .  



6.  A  d i e   u n i t   f o r   t h e  r a d i a l   C o n f o r m   e x t r u s i o n  

m a c h i n e r y   c l a i m e d   in   C l a i m   1  c o m p r i s i n g   a  d i e   member   h a v i n g  

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

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

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

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

t h a t   s t r a i n   i n d u c e d   in   t h a t   s u r f a c e   by  t h e   d r a g   of   m a t e r i a l  

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

i n d u c e d   in   any   o t h e r   s u r f a c e ,   s a i d   s u r f a c e   h a v i n g   m a j o r  

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

f r o m   one  a n o t h e r   by  no  more   t h a n  +   2 5 % .  

7.  A  d i e   u n i t   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   a t   l e a s t   p a r t   o f   t h e   p e r i p h e r y   r o u n d   t h e   i s o l a t e d  

s u r f a c e   i s   d e f i n e d   by  a t   l e a s t   one   r e c e s s .  

8.  A  d i e   u n i t   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   p e r i p h e r y   of   t h e   i s o l a t e d   s u r f a c e   i s   d e f i n e d   by  a  

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

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

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

u n i t .  

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

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

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

d i e   r e m o t e   f r o m   t h e   a b u t m e n t .  
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