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©  Ironing  die  for  ironing  press. 

(5̂   The  invention  provides  an  ironing  die  (10)  for  use  with  a 
punch  to  reduce  the  wall  thickness  of  thesidewall  of  the  metal 
cup  which  includes  a  body  which  has  a  circular  opening  (28) 
therein  extending  from  the  leading  surface  (32)  to  a  trailing 
surface  (34  )  that  are  parallel  to  each  other  and  the  opening  (28) 
has  a  land  (30)  spaced  from  both  surfaces  (32,34)  which 
defines  a  minimum  diameter  for  the  opening  (28).  The  open 
ing  (28)  also  has  a  cylindrical  portion  (38)  between  the  land 
(30)  and  the  trailing  surface  (34)  which  has  a  diameter  slightly 
larger  than  the  minimum  diameter  to  guide  the  cup  after  the 
free  edge  moves  past  the  land  (30).  The  opening  (28)  is  prefer- 
ably  also  flared  outwardly  between  the  land  (30)  and  the 
leading  surfaces  (32)  to  produce  an  entry  portion  (36)  which 
guides  the  cup  to  a  centered  position  with  respect  to  the 
ironing  land  (30).  In  one  embodiment,  the  wall  which  defines 
the  opening  (28)  also  has  a  cut  out  portion  between  the  land 
(30)  and  the  cylindrical  portion  (38). 
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The  p r e s e n t   i n v e n t i o n   r e l a t e s   g e n e r a l l y   to   t h e  

m a n u f a c t u r e   of  d rawn   and  i r o n e d   c o n t a i n e r s   and  m o r e  

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

s i d e w a l l   t h i c k n e s s   of  a  cup  to   p r o d u c e   a  c o n t a i n e r   t h a t  

h a s   an  i n t e g r a l   b o t t o m   w a l l   of  maximum  w a l l   t h i c k n e s s  

and  a  s i d e w a l l   of  min imum  w a l l   t h i c k n e s s .  

In  t h e   f o r m a t i o n   of  a  " t w o - p i e c e "   c o n t a i n e r  

i t   ha s   been   c u s t o m a r y   t o   u t i l i z e   a  p l u r a l i t y   of  d i e  

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

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

t h i s   i s   a c c o m p l i s h e d   in  two  s t e p s .   A  c i r c u l a r   m e t a l  

d i s c   i s   o r i g i n a l l y   d r a w n   i n t o   a  cup  u t i l i z i n g   w h a t   i s  

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

i s   t h e n   t r a n s f e r r e d   to   a  body  m a k e r   or  p r e s s   w h e r e i n  

t h e   cup  i s   c o n v e r t e d   i n t o   t h e   f i n i s h e d   c o n t a i n e r .  

One  t y p e   of  body   m a k e r   t h a t   i s   p r e s e n t l y  

b e i n g   u t i l i z e d   i s   p r o d u c e d   by  R a g s d a l e   B r o s . ,   I n c .  

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

i r o n i n g _ a s s e m b l i e s   and  a  s t r i p p e r   a s s e m b l y   a r r a n g e d  



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

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

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

and  a r e   i n i t i a l l y   r e d r a w n   by  t h e   r e d r a w   a s s e m b l y   a n d  

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

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

At  t h e   end  of  t h e   s t r o k e   f o r   t h e   p u n c h ,   t h e   end  w a l l   o f  

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

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

i s   t h e n   t r i m m e d   to   a  p r e d e t e r m i n e d   h e i g h t   and  " n e c k e d "  

and  " f l a n g e d . "  

One  of  t h e   a r e a s   t h a t   has   r e c e i v e d   a  r e m a r k a b l e  

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

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

t h r o u g h o u t   t h e   e n t i r e   l e n g t h   and  d i a m e t e r   t h e r e o f .   I t  

w i l l   be  a p p r e c i a t e d   t h a t   in   f o r m i n g   c o n v e n t i o n a l   b e e r  

or   b e v e r a g e   c o n t a i n e r s ,   t h e   s t r o k e   of  t h e   p u n c h   f o r   t h e  

p r e s s   or   body   m a k e r   m u s t   be  f a i r l y   l o n g   and   h a s   h e r e t o -  

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

w a l l   t h i c k n e s s   f o r   e a c h   c o n t a i n e r   when  o p e r a t i n g   a t  

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

B a c k g r o u n d   P r i o r   A r t  

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

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

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

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

i r o n i n g   d i e   can  move  r a d i a l l y   of   t h e   p a t h   in   o r d e r   t o  

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

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

c l o s e d   in  B r i t i s h   P a t e n t   No.  7 2 4 , 2 5 1 ,   p u b l i s h e d   F e b r u a r y  

16,  1 9 5 5 ,   in   w h i c h   t h e   d i e   a s s e m b l i e s   a r e   m o u n t e d   f o r  

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

t h e   p u n c h   and  t h e   i r o n i n g   r i n g s .  



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

p r o c e s s   up  to   t h e   p o i n t   w h e r e   t h e   e d g e   of  t h e   cup  e n t e r s  

t h e   w o r k i n g   p o r t i o n   of  t h e   d i e .   Most   of  t h e   t i m e ,   t h i s  

edge   i s   u n e v e n ,   in  m a g n i t u d e   a n y w h e r e   f r o m   a  few  t h o u -  

s a n d t h s   of  an  i n c h   to   o n e - f o u r t h   to   o n e - h a l f   i n c h .  

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

i r o n i n g   p r o c e s s   and  s e v e r a l   t y p e s   of  f a i l u r e s   or   p r o c e s s  

s h o r t c o m i n g s   show  u p .  
The  u n e v e n n e s s   of  t h e   u p p e r   f r e e   edge   of  t h e  

cup  or  can   has   two  s o u r c e s .   One  i s   t h e   c u p p i n g   o p e r a t i o n  

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

a c c u r a c i e s   or  m i s a l i g n m e n t s .   The  o t h e r   s o u r c e   i s   m i s -  

a l i g n m e n t   of  t h e   D&I  p r e s s .   M i s a l i g n m e n t   c a u s e s   a n  

u n e v e n   w a l l   t h i c k n e s s   a r o u n d   i t s   c i r c u m f e r e n c e .   T h e  

f r e e   e d g e   of  t h e   cup  or   can  b e c o m e s   l o n g e r   in  l i n e   w i t h  

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

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

w o r s e   as  t h e   c o n t a i n e r   moves   f r o m   one  i r o n i n g   s t a g e   t o  

t h e   n e x t .   How  t o   cope   w i t h   t h i s   d i s r u p t i v e  i m b a l a n c e  

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

D&I .  

One  fo rm  of   f a i l u r e   c a u s e d   by  t h e   u n e v e n   e d g e  

i s   w h e r e   t h e   l o n g e r   p o r t i o n   of  t h e   edge   w i l l   t e a r   o f f  

e n t i r e l y .   T e a r - o f f s   can  c a u s e   jams  of  t h e   s u c c e e d i n g  

c a n s .  

A n o t h e r   v e r y   common  f o r m ,   i s   t h e   p u n c h   a n d  

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

t h e   n o n - s y m m e t r i c   f o r c e s   i m p o s e d   by  t h e   u n e v e n   e d g e .  

The  r e s u l t   i s   t h a t   t h e   l o n g e r   edge   w i l l   r e m a i n   h e a v i e r  

t h a n   t h e   w a l l   t h i c k n e s s   p r e s c r i b e d   by  t h e   u n d i s t u r b e d  

t o o l   g a p .   In  t u r n ,   t h i s   l o n g e r ,   h e a v i e r   e d g e   may  t e a r  

o f f   in   t h e   n e x t   i r o n i n g   d i e .  

A n o t h e r   fo rm  of  f a i l u r e   c a u s e d   by  t h e   u n e v e n  

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



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

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

upon   i m p a c t   of   t h i s   u n s y m m e t r i c   h e a v y   e d g e   on  t h e   d i e ,  

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

o c c u r s .   T h i s   can   c a u s e   e i t h e r   t e a r - o f f s   of  t h e   l o n g e r  

e d g e ,   or  s m a l l e r   t y p e   " c l i p - o f f s "   in  t h e   a r e a   of  t h e   . 
s h o r t e r   end  of   t h e   c a n .  

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

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

t h e   t o o l s   may  b e c o m e   d a m a g e d .   When  t h e   s h o r t e r   e d g e  

of   t h e   cup  m o v e s   f rom  b e t w e e n   t h e   p u n c h   and  t h e   i r o n i n g  

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

o t h e r   so  t h a t   t h e   a r e a   of   t h e   p u n c h   w i t h o u t   a  c o n t a i n e r  

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

l a n d   on  t h e   i r o n i n g   d i e .  

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

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

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

d e g r e e   of   i r o n i n g   of   t h e   l o n g e r   e d g e .   P r o c e e d i n g   i n  

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

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

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

c e e d i n g   i r o n i n g   d i e .   Such   p i l o t   d i e s   a r e   n o r m a l l y   o n l y  

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

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

a  l e v e l   w h e r e   i t   w i l l   n o t   t e a r   o f f   in   t h e   end   d i e .  

H o w e v e r ,   b e c a u s e   of   t h e   v e r y   c l o s e   t o l e r a n c e s  

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

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

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

and  i r o n i n g   o p e r a t i o n .   In  o r d e r   t o   i n s u r e   t h a t   t h e r e   i s  

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

w a l l   and  t h e   i n n e r   o p e n i n g   of   t h e   p i l o t   d i e ,   t h e   d i e  



m u s t   n o r m a l l y   be  made  s l i g h t l y   l a r g e r   t h a n   t h e   d e s i r e d  

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

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

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

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

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

I t   can  be  a p p r e c i a t e d   t h a t   in   an  a r r a n g e m e n t  
s u c h   as  t h i s ,   i t   i s   v i r t u a l l y   i m p o s s i b l e   t o   h a v e   t h e  

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

c o n c e n t r i c   w i t h   r e s p e c t   to   e a c h   o t h e r .   T h u s ,   i t   i s  

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

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

in  t h e   i r o n i n g   d i e   and  t h e   p i l o t   d i e   e x a c t l y   c o n c e n t r i c  

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

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

p u n c h   when  an  u n e v e n   cup  i s   p a s s e d   t h r o u g h   t h e   m a c h i n e .  

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

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

and   an  e x i t   c o n i c a l   s u r f a c e .   I r o n i n g   i s   t a k i n g   p l a c e  

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

I r o n i n g   comes  t h e o r e t i c a l l y   t o   an  end  a t   t h e   b e g i n n i n g  

of   t h e   l a n d .   The  e f f e c t i v e   gap  b e t w e e n   t h e   i n t e r n a l  

d i a m e t e r   of  t h e   l a n d   and  t h e   e x t e r n a l   d i a m e t e r   of  t h e  

p u n c h   d e t e r m i n e s   t h e   w a l l   t h i c k n e s s   of   t h e   c a n .   How-  

e v e r ,   due  to   t h e   e l a s t i c i t y   of  t h e   m a t e r i a l s   u s e d   f o r  

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

t h e   w a l l   in  t h e   gap  w h i c h   i s   c a u s i n g   f r i c t i o n .   N o r m a l l y ,  

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

as  s m a l l   as  p o s s i b l e   and  i s   u s u a l l y   on  t h e   o r d e r   o f  

0 . 0 1 0   t o   .020   i n c h e s   in   l e n g t h .   The  c o n i c a l   e x i t   s u r -  

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

t h e   end  of   t h e   d i e .  



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

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

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

t h i c k n e s s   of  t h e   s i d e w a l l   of  a  m e t a l   cup  i n c l u d e s   a  b o d y  
t h a t   has   a  c i r c u l a r   o p e n i n g   e x t e n d i n g   f rom  a  l e a d i n g  
s u r f a c e   to   a  t r a i l i n g   s u r f a c e   w h i c h   a r e   s u b s t a n t i a l l y  

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

to   t h e   a x i s   of  t h e   p u n c h .   The  o p e n i n g   in   t h e   body   h a s  

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

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

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

s l i g h t l y   g r e a t e r   d i a m e t e r   t h a n   t h e   min imum  d i a m e t e r   t o  

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

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

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

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

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

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

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

p o r t i o n .  

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

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

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

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

t h e   o r d e r   of  a b o u t   1 . 0 0 0 1   to   a b o u t   1 . 0 0 1 2   t i m e s   t h e  

min imum  d i a m e t e r   of  t h e   l a n d .   P r e f e r a b l y ,   t h i s   r a n g e  

i s   on  t h e   o r d e r   of  1 . 0 0 0 3   to   1 . 0 0 1 0   t i m e s   t h e   m i n i m u m  

d i a m e t e r   w h i c h   i s   d e f i n e d   by  t h e   l a n d .   A l s o , t h e   l e a d  

in  c o n i c a l   w o r k i n g   s u r f a c e   has   a  s m a l l   a n g l e   of   5  t o  

15  d e g r e e s   in   r e l a t i o n   t o   t h e   l a n d .   In  some  i n s t a n c e s ,  

i t   may  a l s o   be  d e s i r a b l e   to   h a v e   a  r e c e s s   l o c a t e d   in   t h e  
d i e   f o r   t h e   o p e n i n g   b e t w e e n   t h e   c y l i n d r i c a l   p o r t i o n   a n d  
t h e   l a n d .  



Thus   t h e   i r o n i n g   d i e   i s   s h a p e d   in  a  u n i q u e   c o n -  

f i g u r a t i o n ,   h a v i n g   an  i n t e g r a l   p i l o t ,   so  as  to   s u p p o r t  

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

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

w a l l   in  t h e   t r a n s i t i o n   to   t h e   u n e v e n   edge   as  w e l l   as  o f  

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

e f f e c t i v e l y   c o n t r o l l i n g   t h e   t h i c k n e s s   of  t h e   l o n g   e d g e  

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

t h i r d   i r o n i n g   d i e s ,   t e a r - o f f s   and  " c l i p - o f f s "   a r e   v i r t u a l l y  

e l i m i n a t e d .  

B r i e f   D e s c r i p t i o n   of  S e v e r a l   V i e v s  o f   D r a w i n g s  

F i g .   1  shows   a  c r o s s - s e c t i o n   of   an  i r o n i n g   d i e  

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

i n c o r p o r a t e d   t h e r e i n ;  

F i g .   2  i s   an  e n l a r g e d   c r o s s - s e c t i o n a l   v i ew   o f  

t h e   p r o f i l e   of  t h e   o p e n i n g   in  t h e   i r o n i n g   d i e ;  

F i g .   3  i s   an  e n l a r g e d   f r a g m e n t a r y   s e c t i o n a l  

v i e w   of  t h e   j o i n t   a d j a c e n t   t h e   l a n d   of   t he   i r o n i n g   d i e ;  

a n d  

F i g .   4  i s   a  v i e w   s i m i l a r   to   F i g .   2  s h o w i n g   a  

s l i g h t l y   m o d i f i e d   f o rm  of  t h e   i n v e n t i o n .  

D e t a i l e d   D e s c r i p t i o n  

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

m e n t   in  many  d i f f e r e n t   f o r m s ,   t h e r e   i s   shown  in  t h e   d r a w -  

i n g s   and  w i l l   h e r e i n   be  d e s c r i b e d   in  d e t a i l   p r e f e r r e d  

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

t h e   p r e s e n t   d i s c l o s u r e   i s   to   be  c o n s i d e r e d   as  an  e x e m p l i -  

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

i n t e n d e d   t o   l i m i t   t h e   i n v e n t i o n   to   t h e   e m b o d i m e n t s   i l l u s -  

t r a t e d .  

F i g .   1  of   t h e   d r a w i n g s   g e n e r a l l y   d i s c l o s e s   a n  

i r o n i n g   d i e   a s s e m b l y   10  c o n s i s t i n g   of  an  i r o n i n g   d i e  

i n s e r t   12  s u p p o r t e d   in   a  h o l d e r   14  w h i c h   has   an  o p e n i n g  



16  e x t e n d i n g   t h e r e t h r o u g h   and  an  e n l a r g e d   r e c e s s   18  

s u r r o u n d i n g   t h e   o p e n i n g   a d j a c e n t   t h e   l e a d i n g   s u r f a c e   20  

of  t h e   a s s e m b l y   i n t o   w h i c h   t h e   i r o n i n g   d i e   12  i s   r e c e i v e d  

f o r   s u p p o r t   t h e r e o n .  

U s u a l l y   to   r e d u c e   t h e   s i d e w a l l   t h i c k n e s s   of   a  

c u p ,   two  or   t h r e e   of  s u c h   a s s e m b l i e s   10  a r e   s p a c e d   a l o n g  

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

on  t h e   p u n c h   i s   r e d u c e d   in   s t a g e s   t o   t h e   u l t i m a t e   t h i c k -  

n e s s   f o r   t h e   f i n i s h e d   c o n t a i n e r .  

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

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

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

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

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

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

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

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

c o n t r o l s   t h e   w a l l   t h i c k n e s s   of   t h e   cup  in   c o o p e r a t i o n  

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

and  in  m o s t   d i e   a s s e m b l i e s ,   t h e   a r e a s   b e t w e e n   t h e   l a n d  

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

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

f r i c t i o n   d e v e l o p e d   d u r i n g   an  i r o n i n g   p r o c e s s .  

As  was  i n d i c a t e d   a b o v e ,   when  u t i l i z i n g   a n  

i r o n i n g   d i e   a s s e m b l y   of   t h i s   t y p e ,   when  a  cup  i s   f o r m e d  

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

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

s h o r t e r   e d g e   of  t h e   cup  w i l l   move  p a s t   t h e   l a n d   on  t h e  

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

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

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

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

edge   of  t h e   cup  or   c l i p - o f f s   o p p o s i t e   t h e   l o n g   e d g e .   I n  



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

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

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

t h e   cup  and  t h i s   s i t u a t i o n   w i l l   be  e x a g g e r a t e d   as  t h e  

cup  moves   t h r o u g h   s u b s e q u e n t   i r o n i n g   d i e s .  

As  was  i n d i c a t e d   a b o v e ,   to   p a r t i a l l y   a l l e v i a t e  

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

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

on  t h e   d o w n s t r e a m   s i d e   t h e r e o f ,   as  v i e w e d   in  t h e   d i r e c -  

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

d i e .   H o w e v e r ,   i t   ha s   b e e n   d e t e r m i n e d   t h a t   s u c h   a r r a n g e -  

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

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

f rom  c u p s   t h a t   h a v e   an  u n e v e n   u p p e r   f r e e   e d g e .   I t   h a s  

a l s o   b e e n   p r o p o s e d   t o   u t i l i z e   a  p i l o t   d i e   m e m b e r   t h a t  

i s   s e c u r e d   i n t o   an  e n l a r g e d   r e c e s s   a d j a c e n t   t h e   t r a i l i n g  

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

t h e   p a r t i a l l y   i r o n e d   cup  as  i t   l e a v e s   t h e   i r o n i n g   d i e .  

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

and  p a s t   e x p e r i e n c e   h a s   shown   t h a t   t h e   moment   t h e   s h o r t  

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

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

l o s t   w h i c h   many  t i m e s   can   r e s u l t   in  d a m a g e   to   t h e   d i e  

a n d / o r   t h e   p u n c h   and  can   a l s o   r e s u l t   in  t e a r - o f f s   a n d  

" c l i p - o f f s "   w h i c h   may  b e c o m e   t r a p p e d   in  t h e   d i e   a s s e m b l i e s  

and  c a u s e   j ams   in   t h e   s u c c e e d i n g   o p e r a t i o n .  

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

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

f a s h i o n   so  as  t o   c o n s t r a i n   t h e   c o n t a i n e r   t h r o u g h o u t   i t s  

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

and  " c l i p - o f f s "   and  a l s o   r e s u l t   in  more   u n i f o r m   w a l l  

t h i c k n e s s   f o r   t h e  f i n i s h e d   d r a w n   and  i r o n e d   c o n t a i n e r .  

As  m o s t   c l e a r l y   shown  in   F i g .   2,  t h e   p r o f i l e   of   t h e  

o p e n i n g   28  ( F i g .   1)  w i t h i n   i r o n i n g   d i e   i n s e r t   12  c o n s i s t s  



of   a  n a r r o w   l a n d   30  of  m i n i m u m   a x i a l   l e n g t h   to   r e d u c e  

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

i r o n i n g   o p e r a t i o n .   Land  30  i s   s p a c e d   f r o m   l e a d i n g  

s u r f a c e   32  and  t r a i l i n g   s u r f a c e   34  of  t h e   i r o n i n g   d i e  

and   t h e   a r e a   or   s u r f a c e   36  of   t h e   o p e n i n g   b e t w e e n   l a n d  

30  and  l e a d i n g   s u r f a c e   32  t a p e r s   o u t w a r d l y   s l i g h t l y   t o  

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

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

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

down  t o   t h e   t h i c k n e s s   p r e s c r i b e d   by  t h e   gap  ( i e ,  

d i f f e r e n c e   b e t w e e n   l a n d   and  p u n c h   r a d i u s ) .  

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

b e t w e e n   t h e   t r a i l i n g   s u r f a c e   34  and  l a n d   30  i s   c y l i n d r i c a l  

in   s h a p e   o r   h a s   a  c y l i n d r i c a l   w a l l   p o r t i o n   38  w h i c h   h a s  

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

l a n d   30,   w h i c h   i s   t h e   m in imum  d i a m e t e r   of  t h e   o p e n i n g  

w i t h i n   i r o n i n g   d i e   i n s e r t   12.   The  l a n d   30  and  c y l i n d r i c a l  

p o r t i o n   38  a r e   f o r m e d   on  i n t e g r a l   b o d y   12  and  an  i n c l i n e d  

p o r t i o n   42  l o c a t e d   t h e r e b e t w e e n .  

The  d i a m e t e r   of  c y l i n d r i c a l   p o r t i o n   38  i s   o n l y  

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

be  j u s t   l a r g e   e n o u g h   to   e l i m i n a t e   any  s u b s t a n t i a l   a m o u n t  

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

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

p o r t i o n   38  w h i l e   s t i l l   p o s i t i v e l y   c o n t r o l l i n g   and  s u p -  

p o r t i n g   t h e   cup  t h r o u g h o u t   i t s   m o v e m e n t   t h r o u g h   t h e  

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

d i a m e t e r s   Dl  and   D2  a r e   t o   some  m e a s u r e   a  f u n c t i o n   of  t h e  

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

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

a s s e m b l y   10  and   t h e   e l a s t i c i t y   of   t h e   m a t e r i a l   f o r   t h e  

p u n c h   ( n o t   s h o w n )  " a s   w e l l   as  t h e   m a t e r i a l   f r o m   w h i c h   t h e  

cup  i s   f o r m e d .   W h i l e   t h e s e   p a r a m e t e r s   h a v e   n o t   b e e n  

f u l l y   d e v e l o p e d ,   i t   i s   b e l i e v e d   t h a t   t h e   d i a m e t e r   D2 



s h o u l d   be  on  t h e   o r d e r   of   a b o u t   1 . 0 0 0 1   to   a b o u t   1 . 0 0 1 2  

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

i r o n i n g   d i e   i n s e r t   12  and  i s   p r e f e r a b l y   in   t h e   r a n g e   o f  

a b o u t   1 . 0 0 3   to   1 . 0 0 1 0   t i m e s   t h e   min imum  d i a m e t e r   D 1 .  

W h i l e   n o t   l i m i t i n g   t h e   i n v e n t i o n   t o   e x a c t  

d i m e n s i o n s ,   an  e x a m p l e   of   a  s p e c i f i c   p r o f i l e   c o n f i g u r a -  

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

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

be  g i v e n .   An  i r o n i n g   d i e   h a v i n g   a  t h i c k n e s s   of   a p p r o x -  

i m a t e l y   0 . 3 7 5   i n c h e s   b e t w e e n   t h e   l e a d i n g   s u r f a c e   32  a n d  

t h e   t r a i l i n g   s u r f a c e   34  had  a  l a n d   of  a p p r o x i m a t e l y  

0 . 0 1 0   i n c h e s   l o c a t e d   i n t e r m e d i a t e   t h e   l e a d i n g   a n d  

t r a i l i n g   s u r f a c e s   and  t h e   l a n d   had  a  d i a m e t e r   of   2 . 6 0 2 5  

i n c h e s .   The  t r a i l i n g   e d g e   of   t h e   l a n d   30  was  l o c a t e d  

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

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

had   an  o u t w a r d   t a p e r   on  t h e   o r d e r   of   8  d e g r e e s   p e r   s i d e .  

The  d i a m e t e r   of  t h e   c y l i n d r i c a l   p o r t i o n   38  was  s e l e c t e d  

to   be  0 . 0 0 1 0   i n c h e s   g r e a t e r   t h a n   t h e   d i a m e t e r   of   t h e  

l a n d   and  had   an  a x i a l   l e n g t h   of   a p p r o x i m a t e l y   0 . 2 0 0  

i n c h e s .  

U t i l i z i n g   t h r e e   of   t h e s e   i r o n i n g   a s s e m b l i e s  

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

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

more   u n i f o r m   w a l l   t h i c k n e s s   was  c o n s i s t e n t l y   a c h i e v e d  

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

and  v i r t u a l l y   no  t e a r - o f f s   or   " c l i p - o f f s "   w e r e   d e v e l o p e d  

d u r i n g   t h e   i r o n i n g   of   a  cup  i n t o   a  f i n i s h e d   c o n a t i n e r .  

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

t h e   a b o v e   d i m e n s i o n s ,   t h e   c y l i n d r i c a l   p o r t i o n   38  w a s  

made  0 . 0 0 1 6   i n c h e s   l a r g e r   t h a n   t h e   d i a m e t e r   of   t h e   l a n d  

30.  A g a i n ,   more   u n i f o r m   w a l l   t h i c k n e s s   was  a c h i e v e d  

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

e n c o u n t e r e d .  



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

t h e   t o o l p a c k   was  e l i m i n a t e d .   T h i s   r e s u l t e d   in  an  o v e r a l l  

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

Of  c o u r s e ,   t h e   r e s p e c t i v e   d i m e n s i o n s   c o u l d  

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

t h e   i n v e n t i o n .   F o r   e x a m p l e ,   i f   c u p s   h a v i n g   an  u n e v e n  

edge   w h i c h   w o u l d   r e s u l t   in  a  d i f f e r e n c e   of   more   t h a n  

a p p r o x i m a t e l y   0 . 2 0 0   i n c h e s   b e t w e e n   t h e   s h o r t e s t   and  t h e  

h i g h e s t   p o i n t   on  t h e   u n e v e n   edge   w h e r e   e n c o u n t e r e d ,   t h e  

l e n g t h   of  c y l i n d r i c a l   p o r t i o n   38  c o u l d   be  i n c r e a s e d   t o  

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

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

when  t h e r e   i s   any  p a r t   of  t h e   u p p e r   f r e e   edge   of  t h e  

p a r t i a l l y   i r o n e d   cup  w i t h i n   t h e   i r o n i n g   b a n d   3 0 .  

A c t u a l   t e s t s   h a v e   shown  t h a t   u t i l i z i n g   a n  

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

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

so  t h a t   t h e   l i f e   o f   t h e   p u n c h   and  d i e   was  i n c r e a s e d   s u b -  

s t a n t i a l l y .   At  t h e   same  t i m e ,   c o n s i s t e n t l y   more   u n i f o r m  

w a l l   t h i c k n e s s   f o r   e a c h   c o n t a i n e r   was  a c h i e v e d .  

A  s l i g h t l y   m o d i f i e d   f o rm  of   t h e   i n v e n t i o n   i s  

i l l u s t r a t e d   in   F i g .   4  and  s i n c e   a l l   e l e m e n t s   of   t h e  

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

2,  t he   same  r e f e r e n c e   n u m e r a l s   h a v e   b e e n   r e t a i n e d .   I n  

t h e   e m b o d i m e n t   i l l u s t r a t e d   in  F i g .   4,  o p e n i n g   28  has   a  

c u t   ou t   p o r t i o n   50  t o   p r o d u c e   a  r e c e s s   52  b e t w e e n   l a n d  

30  and  c y l i n d r i c a l   p o r t i o n   3 8 .  



1.  An  i r o n i n g   d i e   f o r   u s e   w i t h   a  p u n c h   t o  

r e d u c e   t h e   w a l l   t h i c k n e s s   of   t h e   s i d e w a l l   of  a  m e t a l  

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

e x t e n d i n g   f rom  a  l e a d i n g   s u r f a c e   t o   a  t r a i l i n g   s u r f a c e  

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

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

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

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

h a v i n g   a  d i a m e t e r   in  t h e   r a n g e   of   a b o u t   1 . 0 0 0 3   t o  

a b o u t   1 . 0 0 1 2   t i m e s   s a i d   m i n i m u m   d i a m e t e r   to   g u i d e   s a i d  

cup  a f t e r   a  f r e e   e d g e   moves   p a s t   s a i d   l a n d .  

2.  Ari  i r o n i n g   d i e   as  d e f i n e d   in  c l a i m   1 ,  

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

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

and  s a i d   l e a d i n g   s u r f a c e .  

3.  An  i r o n i n g   d i e   as  d e f i n e d   in  c l a i m   2 ,  

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

l a n d   and  s a i d   l e a d i n g   s u r f a c e   to   p r o d u c e   an  i n c r e a s i n g  

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

4.  An  i r o n i n g   d i e   as  d e f i n e d   in  c l a i m   1 ,  

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

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

p o r t i o n .  

5.  An  i r o n i n g   d i e   as  d e f i n e d   in   c l a i m   1 ,  

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

in   t h e   r a n g e   of  a b o u t   1 . 0 0 3   t o   a b o u t   1 . 0 0 1 0   t i m e s   s a i d  

min imum  d i a m e t e r .  
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