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Draw-ironed  metal  vessel  having  circumferential  side  seam. 

  Disclosed  is  a  draw-ironed  metal  vessel  having  a  cir- 
cumferential  side  seam  (5),  which  is  formed  by  lap-bonding 
of  open  end  portions  (3,  4)  of  upper  and  lower  members  (2, 
1),  each  consisting  of  a  seamless  molded  metal  cup, 
wherein  the  side  wall  of  at  least  one  of  said  upper  and  lower 
(2,  1)  members  is  formed  by  draw-ironing  a  tin-plated  steel 
plate  at  an  ironing  ratio  of  at  least  20%  and  a  spout  (10) 
having  a  diameter  smaller  than  that  of  the  side  wall  of  the 
vessel  is  formed  on  the  top  wall  (9)  of  the  upper  member  (2). 



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  a  d r a w - i r o n e d   m e t a l  

v e s s e l h a v i n g   a  c i r c u m f e r e n t i a l   s i d e   s e a m .   More  p a r t i -  

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

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

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

t h e   s h o c k   r e s i s t a n c e .  

S o - c a l l e d   d r a w - i r o n e d   c a n s   a r e   w i d e l y   u s e d   f o r  

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

c a r b o n a t e d   d r i n k s .  

T h e s e   d r a w - i r o n e d   c a n s   a r e   p r e p a r e d   by  d r a w - f o r m i n g  

a  m e t a l   b l a n k   p u n c h e d   in  a  d i s c   or  t h e   l i k e   b e t w e e n   a  

d r a w i n g   p u n c h   and  a  d r a w i n g   d i e   to  f o rm  a  cup  and  i r o n i n g  

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

and  an  i r o n i n g   d i e   to  r e d u c e   t h e   t h i c k n e s s   of  t h e   s i d e  

w a l l .  

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

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

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

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

H o w e v e r ,   t h i s   r e q u i r e m e n t   has   no t   c o m p l e t e l y   b e e n  

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

p r o d u c t i o n   of  c a n s .   For   e x a m p l e ,   when  t h e   t h i c k n e s s   o f  

t h e   s i d e   of  a  can  body   i s   r e d u c e d ,   t h e   b u c k l i n g   s t r e n g t h  

s h o u l d   n a t u r a l l y   be  r e d u c e d .   When  a  can  end  i s   d o u b l e -  

s e a m e d   to  a  can  b o d y ,   t h e   a x i a l   l o a d   to  be  a p p l i e d   to  t h e  



c a n   body   by  a  d o u b l e   s e a m e r   is   120  to  200  Kg,  and  i f   t h e  

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

c e r t a i n   l i m i t ,   d o u b l e - s e a m i n g   of   a  can  end  b e c o m e s  

d i f f i c u l t .  

The  s t r u c t u r a l l y   w e a k e s t   p o r t i o n   of  a  d r a w - i r o n e d  

c a n   i s   t he   p o r t i o n   d o u b l e - s e a m e d   to  a  can   e n d ,   and  w h e n  

t h e   can  r e c e i v e s   s h o c k s   on  f a l l i n g   or  t h e   l i k e ,   t h i s  

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

I t   i s   a  p r i m a r y   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   t o  

p r o v i d e   a  d r a w - i r o n e d   m e t a l   v e s s e l   of   a  t i n - p l a t e d   s t e e l  

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

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

A n o t h e r   o b j e c t   of  t h e   p r e s e n t   i n v e n t i o n   i s   to  p r o v i d e  

a  d r a w - i r o n e d   m e t a l   v e s s e l   of   a  t i n - p l a t e d   s t e e l   p l a t e  

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

and   the   s o l e   seam  p r e s e n t   in   t he   v e s s e l   i s   a  c i r c u m -  

f e r e n t i a l   s i d e   s e a m  f o r m e d   by  l a p - b o n d i n g   of   open   e n d  

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

S t i l l   a n o t h e r   o b j e c t   of  the   p r e s e n t   i n v e n t i o n   i s   t o  

p r o v i d e   a  d r a w - i r o n e d   m e t a l   v e s s e l   of  a  t i n - p l a t e d   s t e e l  

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

p o r t i o n   t h a n   in   t h e   c o n v e n t i o n a l   d r a w - i r o n e d   t i n - p l a t e d  

s t e e l   p l a t e   c a n s   and  is   e x c e l l e n t   in   t h e   l i g h t - w e i g h t  

c h a r a c t e r i s t i c ,   t h e   p r e s s u r e   r e s i s t a n c e   and  t he   s h o c k  

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

a  h i g h   e a s y   c r u s h a b i l i t y .  

A  f u r t h e r   o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n   i s   t o  



p r o v i d e   a  d r a w - i r o n e d   m e t a l   v e s s e l   f o r m e d   by  d r a w - i r o n i n g  

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

s i d e   seam  e x c e l l e n t   i n   t he   b o n d i n g   p r o p e r t y   and  i n   w h i c h  

t h e   a d h e s i o n   of  a  c o a t i n g   i s   h i g h .  

More  s p e c i f i c a l l y ,   in   a c c o r d a n c e   w i t h   the   p r e s e n t  

i n v e n t i o n ,   t h e r e   i s   p r o v i d e d   a  d r a w - i r o n e d   m e t a l   v e s s e l  

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

l a p - b o n d i n g   of   o p e n   end  p o r t i o n s   o f   u p p e r   and  l o w e r   m e m b e r s ,  

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

t h e   s i d e   w a l l   of  a t   l e a s t   one  of  s a i d   u p p e r   and  l o w e r  

m e m b e r s   i s   f o r m e d   by  d r a w - i r o n i n g   a  t i n - p l a t e d   s t e e l   p l a t e  

a t   an  i r o n i n g   r a t i o   of   a t   l e a s t   20  %  and  a  s p o u t   h a v i n g  

a  d i m e t e r   s m a l l e r   t h a n   t h a t   of  t he   s i d e   w a l l   of  t h e  

v e s s e l   i s   f o r m e d   on  t h e   t op   w a l l   of  t h e   u p p e r   m e m b e r .  

The  p r e s e n t   i n v e n t i o n   w i l l   now  be  d e s c r i b e d   i n  

d e t a i l   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 .  

F i g .   1  i s   a  s e c t i o n a l   v iew  i l l u s t r a t i n g   a  m o s t  

p r e f e r r e d   e m b o d i m e n t   of  t he   d r a w - i r o n e d   m e t a l   v e s s e l  

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

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

i n   w h i c h   t h e   u p p e r   member   i s   d r a w - i r o n e d .  

F i g .   3  i s   a  v i e w   i l l u s t r a t i n g   an  e m b o d i m e n t   o f   t h e  

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

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

d r a w - i r o n e d .  

F i g s .  4   and  5  a r e   e n l a r g e d   p a r t i a l   s e c t i o n a l   v i e w s  



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

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

R e f e r r i n g   to   F i g .   1  i l l u s t r a t i n g   a  m o s t   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  d r a w - i r o n e d   m e t a l  

v e s s e l   c o m p r i s e s   a  l o w e r   m e m b e r . 1   f o r m e d   of   a  s e a m l e s s  

m o l d e d   cup  o f   a  t i n - p l a t e d   s t e e l   p l a t e   and   an  u p p e r   m e m b e r  

2  f o r m e d   of   a  s e a m l e s s   m o l d e d   cup  of  a  m e t a l .   T h e s e  

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

l a p - b o n d i n g   o p e n   end  p o r t i o n s   3  and  4  to  f o r m   a  c i r c u m -  

f e r e n t i a l   s i d e   seam  5 .  

In   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 .   1,  t h e   l o w e r  

member   1  c o m p r i s e s   a  t a l l   t h i n   s i d e   w a l l   p o r t i o n   6  f o r m e d  

by  d e e p l y   d r a w - i r o n i n g   a  t i n p l a t e   b l a n k   and  a  t h i c k   b o t t o m  

p o r t i o n   7  w h i c h   i s   n o t   s u b s t a n t i a l l y   i r o n e d .   The  u p p e r  

m e m b e r   2  c o m p r i s e s   a  s h o r t   s i d e   w a l l   8  f o r m e d   by  s h a l l o w  

d r a w i n g   o f   a  t i n p l a t e   b l a n k   and  a  t o p   w a l l   9.  The  h e i g h t  

o f   t h e   s i d e   w a l l   p o r t i o n   8  of  t h e   u p p e r   member   2  i s  

e q u a l   to  or   s l i g h t l y   l a r g e r   t h a n   t h e   w i d t h   of  t h e   seam  5 .  

The  t op   w a l l   9  of  t h e   u p p e r   member   2  has   a  c o n v e x   t a p e r  

f a c e ,   and  a  s p o u t   10  f o r   c h a r g i n g   and  d i s c h a r g i n g   t h e  

c o n t e n t   i s   f o r m e d   a t   t he   c e n t e r   of   t h e   t o p   w a l l   9.  As  

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

member   2  i s   b o n d e d   in   t h e   fo rm  of   a  s h o u l d e r   and  n e c k   o f  

a  s o - c a l l e d   b o t t l e   to  the   l o w e r   member   1 .  

In  t h e   e m b o d i m e n t   shown  in  F i g .   1 ,  t h e   open   e n d  

p o r t i o n  3   of  t he   l o w e r   member  1  i s   d r a w n   by  n e c k i n g - i n  

of   the   a d j o i n i n g   p o r t i o n   so  t h a t   t he   d i a m e t e r  i s   s m a l l e r  



t h a n   t h a t   of   the   o t h e r   b a r r e l   w a l l   p o r t i o n ,   and  t h e   o p e n  

end  p o r t i o n   3  i s   f i t t e d   and  i n s e r t e d   in   an  o p e n   e n d  

p o r t i o n   4  of   t h e   u p p e r   member  2  h a v i n g   a  l a r g e r   d i a m e t e r .  

An  a d h e s i v e   l a y e r   11  i s   f o r m e d   b e t w e e n   t h e   o u t e r  

s u r f a c e   of  t he   o p e n   end  p o r t i o n   3  of   t he   l o w e r   m e m b e r  

and   t h e   i n n e r   s u r f a c e   of  t h e   o p e n   end  p o r t i o n   4  o f   t h e  

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

u p p e r   and  l o w e r   m e m b e r s .   From  t h e   v i e w p o i n t   of   t h e  

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

a d h e s i v e   11  be  p r o t r u d e d   f rom  t h e   seam  5  to  f o r m   a  c o a t -  

i n g   l a y e r   13  f o r   a  c u t   edge  12  o f   t h e   t i n p l a t e  b l a n k  

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

In   t h e   p r e s e n t   i n v e n t i o n ,   t h e   s i d e   w a l l   6  o f   t h e  

l o w e r   member   c o n s t i t u t i n g   a  ma in   p a r t   of   t h e   b a r r e l  

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

RI  d e f i n e d   by  t h e   f o l l o w i n g   f o r m u l a :  

w h e r e i n   TB  s t a n d s   f o r   t h e   t h i c k n e s s   of  t h e   b o t t o m   o f  

t h e   m o l d e d   cup  TW  s t a n d s   f o r   t h e   t h i c k n e s s   of  the   s i d e  

w a l l   of  t h e   m o l d e d   c u p ,  

i s   a t   l e a s t   20  %,  p r e f e r a b l y   30  to  80  %. 

The  t i n p l a t e   v e s s e l   of   t h e   p r e s e n t   i n v e n t i o n   i s  

c h a r a c t e r i z e d   in   t h a t ,   as  p o i n t e d   o u t   h e r e i n b e f o r e ,   t h e  

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

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

r e d u c e d ,   t h e   s o l e   seam  p r e s e n t   in   t h e   v e s s e l   i s   a  c i r c u m -  



f e r e n t i a l   s i d e   s e a m ,   and  t h i s   seam  i s   f o r m e d   by  l a p  

b o n d i n g .  

More  s p e c i f i c a l l y ,   in   t h e   t i n p l a t e   v e s s e l   o f   t h e  

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

p o r t i o n   and  t h e   s p o u t   i s   s e a l e d   by  a  cap  or   p l u g .   A c c o r -  

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

w a l l   of  t he   v e s s e l   i s   e x t r e m e l y   r e d u c e d ,   t h e   b u c k l i n g  

t e n d e n c y   i s   o b v i a t e d   a t   t h e   s e a l i n g   s t e p .   At  t he   c o m m -  

e r c i a l   c a p p i n g   o p e r a t i o n ,   t h e   a x i a l   l o a d   a p p l i e d   to  t h e  

v e s s e l   b a r r e l   i s   i n   t he   r a n g e   of   50  to  100  Kg  and  i s   s m a l -  

l e r   t h a n   a b o u t   1 / 2   of  t he   a x i a l ' l o a d   a p p l i e d   a t   t h e   d o u b l e -  

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

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

s e a l i n g .  

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

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

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

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

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

h i g h l y   r e s i s t a n t   to   p r e s s u r e s   or  s h o c k s .   In  c a s e   o f  

d o u b l e   s e a m i n g ,   b o n d i n g   by  f o l d i n g   (  l o c k   s e a m i n g  )   o r  

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

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

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

l e a k a g e   a t   t h e   seam  or  b r e a k a g e   of  t h e   seam  is  c a u s e d  

u n d e r   a  r e l a t i v e l y   s m a l l   l o a d .   In  c o n t r a s t ,   in  c a s e   o f  

l a p   b e n a i n g ,   e v e n   i f   the   t h i c k n e s s   of  t h e   b l a n k   c o n s t i t u -  

t i n g   the   s e a n   i s   s m a l l ,  t h e   a b o v e - m e n t i o n e d   d e f o r m a t i o n  



o f   t h e   b l a n k   i s   n o t   c a u s e d ,   and  t h e   seam  can   r e s i s t   a  

f o r c e   of   up  to  a  s h e a r   s t r e n g t h   o f  t h e   s eam,   w h i c h   i s  

i r r e l e v a n t   to  t h e   t h i c k n e s s   of  t h e   b l a n k .  

M o r e o v e r ,   s i n c e   t h e   t h i c k n e s s   of  t h e   main   p o r t i o n   o f  

t h e   b a r r e l   of   t he   t i n p l a t e   v e s s e l   i s   r e d u c e d   by  h i g h  

i r o n i n g ,   the   w e i g h t   of  t he   v e s s e l   p e r   u n i t   v o l u m e   i s  

d r a s t i c a l l y   r e d u c e d   and  t h e   m a t e r i a l   m e t a l   c o s t   can   b e  

l o w e r e d .   F u r t h e r ,   in   t h e   b a r r e l   p o r t i o n   of  t he   v e s s e l   o f  

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

t h e   o u t s i d e   by  h i g h   i r o n i n g ,   and  t h e r e f o r e ,   t h e   a d h e s i o n  

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

f o r   f o r m a t i o n   of   a  seam  a r e   h i g h l y   i m p r o v e d .   T h i s   i s  

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

As  t h e   t i n p l a t e   b l a n k   f o r   f o r m a t i o n   of  t h e   v e s s e l  

of   t he   p r e s e n t   i n v e n t i o n ,   t i n p l a t e   h a v i n g   t i n   d e p o s i t e d  

i n   an  a m o u n t   of   0 . 1   to  1 .0   1 b / B . B .   on  one  s u r f a c e   i s  

p r e f e r a b l y   u s e d .   The  d e p o s i t e d   t i n   l a y e r   may  be  o n e  

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

p l a t e ) ,   or   i t   may  n o t   be  s u b j e c t e d   to  t h i s   t r e a t m e n t  

(  n o n - r e f l o w   p l a t e   or  m a t t   p l a t e  ) .  

Among  v a r i o u s   m e t a l   b l a n k s ,   a  t i n p l a t e   b l a n k   i s  

r e l a t i v e l y   d i f f i c u l t   to  bond  by  an  a d h e s i v e .   In   a  t i n -  

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

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

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

a n d  i s   b r i d l e .   A c c o r d i n g l y ,   i t   i s   b e l i e v e d   t h a t   in   a  

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

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



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

b o n d i n g   s t r e n g t h .   In  c o n t r a s t ,   in   t h e   p r e s e n t   i n v e n t i o n ,  

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

t o   be  f o r m e d   i n t o   a  c i r c u m f e r e n t i a l   s e a m ,   i s   s u b j e c t e d  

to   a  d r a w i n g   p r o c e s s i n g   o r   a  h i g h   i r o n i n g   p r o c e s s i n g ,  

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

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

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

i m p r o v e d .  

For   f o r m a t i o n   of   a  d r a w - i r o n e d   cup ,   a  t i n p l a t e   b l a n k  

s u c h   as  m e n t i o n e d   a b o v e   i s   p u n c h e d   i n t o   a  d i s c   or   t h e  

l i k e   and  i s   s u b j e c t e d   to  o n e - s t a g e   o r   m u l t i - s t a g e   d r a w i n g  

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

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

and   an  i r o n i n g   d i e .   D r a w i n g   and  i r o n   c o n d i t i o n s   a r e  

k n o w n ,   and  d r a w i n g   and  i r o n i n g   can  be  a c c o m p l i s h e d   v e r y  

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

t h e   i r o n i n g   r a t i o   in   t h e   a b o v e - m e n t i o n e d   r a n g e .  

I t   i s   p r e f e r r e d   t h a t   t h e   t h i c k n e s s   of  t h e   t i n p l a t e  

b l a n k   to  be  p r o c e s s e d   be  0 . 2   to  0 . 5   mm,  e s p e c i a l l y   0 . 2  

to   0 . 3 5   mm,  t h o u g h   t he   p r e f e r r e d   t h i c k n e s s   i s   v a r i e d  

more   o r   l e s s   a c c o r d i n g   to  t he   s i z e   of  t h e   f i n a l   v e s s e l ,  

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

s i d e   w a l l   p o r t i o n   f o r m e d   by  i r o n i n g   be  0 . 0 5   to  0 . 2 0   mm, 

e s p e c i a l l y   0 . 0 6   to  0 . 1 7   mm,  w h i l e   t h e   i r o n i n g   r a t i o   i s  

i n   t h e   a b o v e - m e n t i o n e d   r a n g e .  

I f   t he   i r o n i n g   r a t i o   of  the   open   end  p o r t i o n   of  t h e  

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



by  5  to  30 %  t h a n   t he   i r o n i n g   r a t i o   of  t h e   o t h e r   s i d e   w a l l  

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

b e i n g   d a m a g e d   a t   t he   n e c k i n g   s t e p .   F o r   t h i s   p u r p o s e ,  

t h e r e   may  be  a d o p t e d   a  m e t h o d   in   w h i c h   t h e   i r o n i n g  

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

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

d i e   and  t h e   open   end  p o r t i o n   i s   p r e v e n t e d   f r o m   b e i n g  

i r o n e d   a t   t he   i r o n i n g   s t e p   of  t h e   f i n a l   s t a g e .  

The  o p e r a t i o n   of  n e c k i n g - i n   t h e   d r a w - i r o n e d   cup  i s  

c a r r i e d   o u t   so  t h a t   the   u p p e r   and  l o w e r   m e m b e r s   come  t o  

h a v e   s u c h   s i z e s   t h a t   t h e y   a re   p r e c i s e l y   f i t t e d   t o g e t h e r .  

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

o p e n   end  p o r t i o n   to  be  l o c a t e d   on  t h e   i n n e r   s i d e   of  t h e  

c i r c u m f e r e n t i a l   l a p   b o n d i n g   to  be  f o r m e d ,   t he   i n n e r  

d i a m e t e r   rO  of   t h e   o t h e r   open   end  p o r t i o n   to   be  l o c a t e d  

on  t he   o u t e r   s i d e   of  the   c i r c u m f e r e n t i a l   l a p   b o n d i n g   a n d  

t h e   t h i c k n e s s   d ,   of   t h e   a d h e s i v e   l a y e r   to  be  i n t e r p o s e d  

b e t w e e n   b o t h   t h e  o p e n   end  p o r t i o n s   a r e   s e l e c t e d   so  t h a t  

t h e   r e l a t i o n   of  r O -   r I < d A   is  e s t a b l i s h e d ,   b o t h   t he   o p e n  

end  p o r t i o n s   a l w a y s   p r e s s   the   a d h e s i v e   l a y e r   and  t i g h t  

b o n d i n g   and  a s s u r e d   s e a l i n g   a t   t h e   seam  become  p o s s i b l e .  

The  d r a w - i r o n e d   m o l d e d   cup  i s   s u b j e c t e d   t o  t r i m m i n g  

and  a f t e r   w a s h i n g   i f   n e c e s s a r y ,   t h e   cup  i s   s u b j e c t e d   t o  

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

c h r o m a t e .   T h e n ,   an  a n t i - c o r r o s i v e   p r o t e c t i n g   v a r n i s h   i s  

a p p l i e d   tc  a t   l e a s t   t he   i n n e r   s u r f a c e   of   t h e   cup .   T h e  

p h o s p h a t e  a n d / o r  c h r o m a t e   t r e a t m e n t   may  be  s u c h   t h a t  

P  a n d / o r   Cr  i s   d e p o s i t e d   in   an  a m o u n t   of   1  to  2   mg /m2  



as  t h e   a tom  on  the  s u r f a c e   c f   t h e   d e p o s i t e d   t i n  l a y e r .  

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

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

o p e n   end  p o r t i o n   of  t h e   cup  s h o u l d   n a t u r a l l y   be  t r e a t e d ,  

and  even  i f   t h i s   open   end  p o r t i o n   i s   l o c a t e d   on  t h e   i n n e r  

s i d e   of   t h e   seam  and  e x p o s e d   to  t h e   p a c k e d   c o n t e n t ,   i t  

s h o w s   a  h i g h   c o r r o s i o n   r e s i s t a n c e .   M o r e o v e r ,   t he   a d h e -  

s i o n   to   an  a d h e s i v e   i s   i m p r o v e d   and  a l s o   t h e   a d h e s i o n   o f  

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

As  t h e   p r o t e c t i n g   v a r n i s h ,   t h e r e   can   be  u s e d   o p t i o n a l  

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

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

p a i n t s   and  a m i n o - e p o x y   p a i n t s ,   v i n y l   and  m o d i f i e d   v i n y l  

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

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

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

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

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

v i n y l   r e s i n   p a i n t s ,   a c r y l i c   r e s i n   p a i n t s ,   and  s y n t h e t i c  

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

T h e s e   p a i n t s   a r e   a p p l i e d   in   t h e   fo rm  of  an  o r g a n i c  

s o l v e n t   s o l u t i o n   s u c h   as  a  l a c q u e r   o r   e n a m e l   or   an  a q u e o u s  

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

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

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

c o a t i n g   i s   baked   a c c o r d i n g   tc  n e e d .  

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

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



as  m e n t i o n e d   a b o v e   has   b e e n   a p p l i e d   in   a d v a n c e ,   b y  

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

p u n c h   and  a  d r a w i n g   d i e .   T h e n ,   t he   t o p   w a l l   o f  t h e   f o r m e d  

c u p   i s   p u n c h e d   to  form  an  u p p e r   member   h a v i n g   a  p o u r i n g  

m o u t h .  

Lap  b o n d i n g   of  t he   u p p e r   and  l o w e r   members   i s  

a d v a n t a g e o u s l y   a c c o m p l i s h e d   by  u s i n g   an  a d h e s i v e .   A t  

t h i s   b o n d i n g   s t e p ,   an  a d h e s i v e   i s   a p p l i e d   to  a t   l e a s t  

one   of  t h e   o p e n   end  p o r t i o n s   of  t h e   l o w e r   and  u p p e r  

m e m b e r s   to  be  b o n d e d   and  b o t h   t h e   open  end  p o r t i o n s   a r e  

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

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

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

i n   t h e   p r e s e n t   i n v e n t i o n .   An  a d h e s i v e   r e s i n   h a v i n g   a  

m e l t i n g   or   s o f t e n i n g   p o i n t   of  130  to  240°C  i s   e s p e c i a l l y  

p r e f e r r e d .   As  p r e f e r r e d   e x a m p l e s   of  t h e   a d h e s i v e ,   t h e r e  

can   be  m e n t i o n e d   n y l o n   t y p e   a d h e s i v e s   s u c h   as  n y l o n - 1 3 ,  

n y l o n - 1 2 ,   n y l o n - 1 1 ,   n y l o n - 6 , 1 2   and  c o p o l y a m i d e s   a n d  

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

t e r e p h t h a l a t e / i s o p h t h a l a t e   and  p o l y t e t r a m e t h y l e n e   t e r e -  

p h t h a l a t e / i s o p h t h a l a t e ,   and  o l e f i n   a d h e s i v e s   s u c h   as  a n  

a c i d - m o d i f i e d   o l e f i n   r e s i n ,   an  e t h y l e n e / a c r y l i c   a c i d  

e s t e r   c o p o l y m e r ,   an  i o n - c r o s s l i n k e d   o l e f i n   c o p o l y m e r  

(  i o n o m e r  )   and  an  e t h y l e n e / v i n y l   a c e t a t e   c o p o l y m e r .  

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

d i s p e r s i o n   or   s o l u t i o n   to  each   of  t he   open   end  p o r t i o n s  

to  be  b o n d e d   to  f o rm  a  h e a t - b o n d a b l e   a d h e s i v e   l a y e r  

u n i f o r m l y   a l o n g   t h e   e n t i r e   c i r c u m f e r e n c e   of  the   open   e n d  



p o r t i o n .  

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

t o g e t h e r ,   t h e   o p e n   end  p o r t i o n   to  be  l o c a t e d   on  t h e  

o u t e r   s i d e   of   t h e   seam  is   h e a t e d   to  i n c r e a s e   t h e   d i a -  

m e t e r   or   t h e   o p e n   end  p o r t i o n   to  be  l o c a t e d   on  t h e   i n n e r  

s i d e   of  t h e   seam  i s   c o o l e d   to  d i m i n i s h   t h e   d i a m e t e r ,  

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

I f   t h i s   means   i s   a d o p t e d ,   t he   f i t t i n g   can  e a s i l y   b e  

a c c o m p l i s h e d   even   when  t h e   r e l a t i o n   r e p r e s e n t e d   by  t h e  

a b o v e - m e n t i o n e d   i n e q u a l i t y   i s   e s t a b l i s h e d   among  t h e   o u t e r  

d i a m e t e r   of   t h e   i n n e r   end  e d g e ,   t h e   i n n e r   d i a m e t e r   of   t h e  

o u t e r   end  edge  and  t h e  t h i c k n e s s   of  t h e   a d h e s i v e   l a y e r .  

A f t e r   t h e   f i t t i n g   o p e r a t i o n ,   the   seam  i s   h e a t e d   t o  

f u s e   t h e   a d h e s i v e   l a y e r ,   and  t h e   seam  i s   c o o l e d   to  e f f e c t  

b o n d i n g   and  s e a l i n g   on  t h e   s e a m .   S i n c e   t h e   a d h e s i v e   l a y e r  

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

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

and   s e a l i n g   on  t h e   seam  can   be  a c c o m p l i s h e d   c o m p l e t e l y .  

H e a t i n g   of  t he   seam  i s   a d v a n t a g e o u s l y   p e r f o r m e d   by  h i g h  

f r e q u e n c y   i n d u c t i o n   h e a t i n g .  

In  t h e  m e t a l   v e s s e l   of   t he   p r e s e n t   i n v e n t i o n ,   v a r i o u s  

m o d i f i c a t i o n s   may  be  made  to  t he   f o r e g o i n g   e m b o d i m e n t .  

For   e x a m p l e ,   a l t h o u g h   t h e   s i d e   w a l l   p o r t i o n   of  t h e  

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

t h e r e   may  be  a d o p t e d   a  m o d i f i c a t i o n   shown  in   F i g .   2  i n  

w h i c h   t h e   u p p e r   member   2a  i s   a  d r a w - i r o n e d   cup  c o m p r i s i n g  

a  t a i l   t h i n   s i d e   w a l l   p o r t i o n   8a  f o r m e d   by  h i g h l y   d r a w -  

i r o n i n g   a  m e t a l   b l a n k   and  a  t h i c k   t op   w a l l   9a  w h i c h   i s   n o t  



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

s h a l l o w l y   d r a w n   cup  c o m p r i s i n g   a  s h o r t   s i d e   w a l l   6 a  

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

w a l l   7 a .  

F u r t h e r m o r e ,   t h e r e   may  be  a d o p t e d   an  e m b o d i m e n t  

shown  in   F i g .  3   in   w h i c h   t h e   l o w e r   member   1  is  a  d r a w -  

i r o n e d   cup  as  shown  in   F i g s .   1  and  2,  t h e   u p p e r   m e m b e r  

2b  i s   a  d r a w - i r o n e d   cup  c o m p r i s i n g   a  t a l l   t h i n   s i d e   w a l l  

p o r t i o n   8b  f o r m e d   by  h i g h l y   d r a w - i r o n i n g   a  m e t a l   b l a n k  

and  a  t h i c k   t o p   w a l l   9b  w h i c h   i s   n o t   s u b s t a n t i a l l y   i r o n e d ,  

and  t h e   o p e n   end  p o r t i o n s   of   b o t h   t h e   d r a w - i r o n e d   c u p s  

a r e   l a p - b o n d e d .   A c c o r d i n g   to  t h i s   e m b o d i m e n t ,   t h e r e   i s  

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

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

h i g h   r a t i o .  

A l t h o u g h   t h e   l o w e r   o p e n   end  p o r t i o n   of   t h e   u p p e r  

member   i s   l o c a t e d   on  the   o u t e r   s i d e   of  t h e   seam  and  t h e  

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

on  t h e   i n n e r   s i d e   of  t h e   seam  in   t h e   f o r e g o i n g   e m b o d i -  

m e n t s   shown  in  F i g s .   1  t h r o u g h   3,  t h e r e   may  be  a d o p t e d   a  

m o d i f i c a t i o n   shown  in   F i g .   4  in   w h i c h   t h e   l o w e r   o p e n   e n d  

p o r t i o n   4  of  t h e   u p p e r   member   2  i s   l o c a t e d   on  t h e   i n n e r  

s i d e   of  t h e   seam  and  t h e   u p p e r   end  p o r t i o n   3  of  t h e   l o w e r  

member   1  i s   l o c a t e d   on  t h e   o u t e r   s i d e   of  t h e   s e a m .  

The  v e s s e l   of   t h e   p r e s e n t   i n v e n t i o n   i s   v a l u a b l e   a s  

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

as  a  c a r b o n a t e d   d r i n k ,   b e e r   or   b l o w n   l i q u o r   or  as  a n  

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



w i t h   n i t r o g e n   gas   or  l i q u e f i e d   n i t r o g e n .  

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

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

i s   h i g h   and  t h e   v e s s e l   i s   e x c e l l e n t   i n   t h e   s h a p e - r e t a i n i n g  

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

The  p r e s e n t   i n v e n t i o n   w i l l   now  be  d e s c r i b e d   i n  

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

no  means   l i m i t   t h e   s c o p e   of   t h e   i n v e n t i o n .  

E x a m p l e   1  

A  b r i g h t   t i n p l a t e   ( t e m p e r   of   T - 2 ;   t i n   c o a t i n g   w e i g h t  

of   # 5 0 / 5 0 )   h a v i n g   a  t h i c k n e s s   of   0 . 3 0   mm  was  p u n c h e d   i n t o  

a  d i s c   h a v i n g   a  d i a m e t e r   of   120  mm,  and  t h e   d i s c   was  f o r m e d  

i n t o   a  cup  h a v i n g   an  i n n e r   d i a m e t e r   of  85  mm  b e t w e e n   a  

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

p r o c e d u r e s .  

The  cup  was  s u b j e c t e d   to   r e - d r a w i n g   and  was  t h e n  

i r o n e d   a t   an  i r o n i n g   r a t i o   of   6 5 . 0   %  by  an  i r o n i n g   p u n c h  

h a v i n g   a  d i a m e t e r   o f   65 .3   mm  and  an  i r o n i n g   d i e .  

T h e n ,   t h e   s o - f o r m e d   l o w e r   member   was  s u b j e c t e d   t o  

p a n e l l i n g   and  n e c k i n g - i n   by  u s i n g   known  m e a n s .   The  d i m e n -  

s i o n s   and  p h y s i c a l   v a l u e s   of  t he   l o w e r   member  w e r e   a s  

f o l l o w s .  

T h i c k n e s s   TB  of  b o t t o m :   0 . 3 0   mm 

T h i c k n e s s   TW  of   s i d e   w a l l :   0 . 1 0 5   mm 

RT  v a l u e :   6 5  

I n n e r   d i a m e t e r   of  s i d e   w a l l :   6 5 . 3   mm 

C u t e r  d i a m e t e r   of  s i d e   w a l l :   6 5 . 5 1   mm 

H e i g h t   o f  l o w e r  m e m b e r :  1 1 0  m m  



O u t e r   d i a m e t e r   of  n e c k   p o r t i o n :   6 4 . 9 5   mm 

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

member   w e r e   d e g r e a s e d   and  w a s h e d ,   and  t h e   l o w e r   m e m b e r  

was  s u b j e c t e d   to  a  p h o s p h a t e   t r e a t m e n t   (  4  mg/m2  of   P  

as  t h e   a tom  was  d e p o s i t e d   on  t h e   t i n - p l a t e d   s u r f a c e   ) .  

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

was   a p p l i e d   to  t he   o u t e r   s u r f a c e   of   t h e   l o w e r   member   e x c e p t  

an  a r e a   o f   a  w i d t h   of   a b o u t   5  mm  f r o m   t he   open  e n d  

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

p r i n t e d .   T h e n ,   an  e p o x y   e s t e r   t y p e   f i n i s h   v a r n i s h   w a s  

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

end  p o r t i o n   and  was  b a k e d .   Then ,   an  e p o x y   u r e a   t y p e   p a i n t  

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

and  was  b a k e d .  

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

to  a  c i r c u m f e r e n t i a l   p o r t i o n   h a v i n g   a  w i d t h   of   a b o u t   5  mm 

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

to   c u s t o m a r y   p r o c e d u r e s .  

S e p a r a t e l y ,   a  b r i g h t   t i n p l a t e   (  t e m p e r   of  T - 1 ;   t i n  

c o a t i n g   w e i g h t   of  # 5 0 / 5 0 )   h a v i n g   a  t h i c k n e s s   of  0 . 2 3   mm, 

on  b o t h   t h e   s u r f a c e s   o f   w h i c h   an  e p o x y   e s t e r   t y p e   p a i n t   h a d  

b e e n   c o a t e d   and  b a k e d   in   a d v a n c e ,   was  p u n c h e d   i n t o   a  d i s c  

h a v i n g   a  d i a m e t e r   of  90  mm  and  was  t h e n   p r e s s - f o r m e d  

a c c o r d i n g   to   c u s t o m a r y   p r o c e d u r e s .   F i n a l l y ,   a  l i q u i d -  

s p o u t   was  f o r m e d   on  t h e   r e s u l t i n g   u p p e r   m e m b e r .  

The  u p p e r   member  was  f i t t e d  w i t h   t h e   l o w e r   m e m b e r  

to  w h i c h   t h e   a d h e s i v e   had  been   a p p l i e d   in   t he   c i r c u m -  

f e r e n t i a l   f o r m ,   and  t h e y   were  h e a t e d   a t   a b o u t   2 2 0 ° C  t o  



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

and  f o r m   a  m e t a l   v e s s e l .  

The  d i m e n s i o n s   and  p h y s i c a l   v a l u e s   of  t he   m e t a l  

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

f o l l o w s .  

H e i g h t   o f   v e s s e l :   1 2 8  -   129  mm 

O u t e r   d i a m e t e r   of   l o w e r   member :   6 5 . 5 1   mm 

O u t e r   d i a m e t e r   of  u p p e r   member :   6 5 . 4 9   mm 

L e n g t h   of   f i t t e d   p o r t i o n :   5  -   6  mm 

W e i g h t   of   v e s s e l :   3 9  -   40  g  

The  m e t a l   v e s s e l   was  c o l d - p a c k e d   w i t h   (A)  c o l a ,   ( B )  

b e e r   or   (C)  a r t i f i c i a l   c a r b o n a t e d   d r i n k ,   and  t h e   s p o u t  

was  s e a l e d .   T h e n ,   t h e   p a c k e d   v e s s e l   was  h e a t - s t e r i l i z e d  

u n d e r   c o n d i t i o n s   shown  in  T a b l e   1 .  

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

l e a k a g e   in   t h e   c i r c u m f e r e n t i a l   seam  was  n o t   c a u s e d   d u r i n g  

t h e   a b o v e - m e n t i o n e d   t r e a t m e n t .  

T h e s e   p a c k e d   v e s s e l s   w e r e   c o n t a i n e d   in   a  c a r b o n   c a s e  

5 0  c a n / c a s e )   and  w e r e   s u b j e c t e d   to  t he   v i b r a t i o n  t e s t  

and  d r o p   t e s t ,   d e f o r m a t i o n ,   b r e a k a g e   or leakase in the 

benied portion  b e t w e e n  t h e  u p p e r  a n d   lower member  

was not 

 a t  a l l .  



E x a m p l e   2 

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

s i d e   seam  was  p r e p a r e d   in   t he   same  m a n n e r   as  d e s c r i b e d  

in   E x a m p l e   1  e x c e p t   t h a t   a  b r i g h t   t i n p l a t e   h a v i n g   a  

t h i c k n e s s   of  0 . 2 7   mm  was  u s e d   and  t h e  i r o n i n g   r a t i o   R I  

of   t h e   s i d e   w a l l   p o r t i o n   of  t h e   l o w e r   member   was  c h a n g e d  

to   7 2 . 2   %. 

E x a m p l e   3  

A  d r a w - i r o n e d   m e t a l   v e s s e l   was  p r e p a r e d   in   t h e   s a m e  

m a n n e r   as  d e s c r i b e d   i n   E x a m p l e   2  e x c e p t   t h a t   a  b r i g h t  

t i n p l a t e   h a v i n g   a  t h i c k n e s s   of  0 . 2 0   mm  was  u s e d   and  t h e  

i r o n i n g   r a t i o   RI  of  t h e   s i d e   w a l l   p o r t i o n   of   t he   l o w e r  

member   was  c h a n g e d   to  75  %. 

C o m p a r a t i v e   E x a m p l e s   1  t h r o u g h   3 

In   C o m p a r a t i v e   E x a m p l e   1,  a  m e t a l   v e s s e l   was  p r e p a r e d  

i n   t h e   same  m a n n e r   as  d e s c r i c e d   in   E x a m p l e   1  e x c e p t   t h a t  

a  d r a w n   l o w e r   member   was  f o r m e d   by  s u b j e c t i n g   a  b r i g h t  

t i n - d e p o s i t e d   s t e e l   p l a t e   (  t e m p e r   of  T -2 ;   t i n   c o a t i n g  

w e i g h t   of  # 5 0 / 5 0  )   h a v i n g   a  t h i c k n e s s   o f  0 . 2 0   mm  to  d r a w -  

i n g   and  r e - d r a w i n g   a c c o r d i n g   to  c u s t o m a r y   p r o c e d u r e s .  

In  C o m p a r a t i v e   E x a m p l e s   2  and  3,  d r a w n   l o w e r   m e m b e r s  

w e r e   p r e p a r e d   in  t h e   same  m a n n e r   as  d e s c r i b e d   a b o v e   e x c e p t  

t h a t   t h e   b l a n k   t h i c k n e s s   was  c h a n g e d   to  0 . 1 0   mm  and  0 . 0 7 5  

mm,  r e s p e c t i v e l y .  

In  t h e   same  m a n n e r   as  d e s c r i b e d   in  E x a m p l e   1,  t h e s e  

t h r e e   c o m p a r a t i v e   m e t a l   v e s s e l s   w e r e   p a c k e d   w i t h   t h e  

c o n t e n t   and  s t e r i l i z e d   u n d e r   t h e   c o n d i t i o n s   shown  i n  

T a b l e  1 .   In  a l l   of  t h e s e   t h r e e  m e t a l   v e s s e l s ,   p e e l i n g  



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

d u r i n g   t h e   t r e a t m e n t .  

When  t h e s e   m e t a l   v e s s e l s   w e r e   s u b j e c t e d   to  t h e   v i b r a -  

t i o n   t e s t   and  f a l l i n g   t e s t ,   d e f o r m a t i o n   or   b r e a k a g e   o f  

t h e   b o n d e d   p o r t i o n   b e t w e e n   t h e   u p p e r   and  l o w e r   m e m b e r s  

was  c a u s e d   and  l e a k a g e   was  o b s e r v e d .  

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

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

o b t a i n e d   i n   E x a m p l e s   1  t h r o u g h   3  and  C o m p a r a t i v e   E x a m p l e s  

1  t h r o u g h   3.  The  o b t a i n e d   r e s u l t s   a r e   shown  in   T a b l e   2 .  

C o m p a r a t i v e   E x a m p l e   4  

A  m e t a l   v e s s e l   was  p r e p a r e d   i n   t h e   same  m a n n e r   a s  

d e s c r i b e d   in   E x a m p l e   1  e x c e p t   t h a t   t h e   p h o s p h a t e   t r e a t m e n t  

was  n o t   c a r r i e d   o u t .   The  b o n d i n g   s t r e n g t h   of  t he   m e t a l  

v e s s e l   was  m e a s u r e d .   The  o b t a i n e d   r e s u l t s   a r e   shown  i n  

T a b l e   2 .  



From  t h e   r e s u l t s   s h o w n  i n   T a b l e   2,  i t   w i l l   r e a d i l y  

be  u n d e r s t o o d   t h a t   t h e   m e t a l   v e s s e l s   of  E x a m p l e s   1  

t h r o u g h   3  p r e p a r e d   by  i r o n i n g   t he   l o w e r   member  and  f i t -  

t i n g   i t   w i t h   t he   u p p e r   member   a c c o r d i n g   to  t h e   p r e s e n t  

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

C o m p a r a t i v e   E x a m p l e s   1  t h r o u g h   3  p r e p a r e d   a c c o r d i n g   t o  

t h e   c o n v e n t i o n a l   d r a w - f o r m i n g   m e t h o d   in  t h e   b u c k l i n g  

s t r e n g t h   and  t h e   b o n d i n g   s t r e n g t h   o f   t h e   b o n d e d   p o r t i o n ,  

t h o u g h   the   t h i c k n e s s   of  t he   s i d e   w a l l   i n  t h e   v e s s e l s   o f  

t h e   p r e s e n t   i n v e n t i o n   was  s m a l l e r   t h a n   in  t h e  c o m p a r a t i v e  

v e s s e l s .  

E x a m p l e  4  

M e t a l   v e s s e l s   were   prepared in  the same  manner an 



of   t h e   l o w e r   m e m b e r ,   r e p r e s e n t e d   by  t h e   f o l l o w i n g   f o r m u l a :  

was  s e t   a t   5  p o i n t s   i n   t h e   r a n g e   of   f r o m   10  to  8 0 %   a n d  

t h e   TB  v a l u e   was  a d j u s t e d   so  t h a t   the   TW  v a l u e   w a s  

f i n a l l y   e q u a l .  

The  b u c k l i n g   s t r e n g t h   and  t he   b o n d i n g   s t r e n g t h   w e r e  

d e t e r m i n e d   w i t h   r e s p e c t   to   each   of   t h e   s o - o b t a i n e d   f i v e  

m e t a l   v e s s e l s .   The  o b t a i n e d   r e s u l t s   a r e   shown  i n   T a b l e   3 .  

From  t h e   r e s u l t s   shown  in   T a b l e   3,  i t   w i l l   r e a d i l y  

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

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

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



1.  A  d r a w - i r o n e d   m e t a l   v e s s e l   h a v i n g   a  c i r c u m -  

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

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

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

s i d e   w a l l   of  a t   l e a s t   one  of   s a i d   u p p e r   and  l o w e r   m e m b e r s  

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

an  i r o n i n g   r a t i o   of   a t   l e a s t   20 %  and  a  s p o u t   h a v i n g   a  

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

v e s s e l   i s   f o r m e d   on  t he   t op   w a l l   of  the   u p p e r   m e m b e r .  

2.  A  m e t a l   v e s s e l   as  s e t   f o r t h   i n   c l a i m   1,  w h e r e i n  

t h e   o p e n   end  p o r t i o n   of  t h e   s e a m l e s s   cup  f o r m e d   by  d r a w -  

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

s i d e   s e a m .  

3.  A  m e t a l   v e s s e l   as  s e t   f o r t h   in   c l a i m   2,  w h e r e i n  

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

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

p h o s p h a t e   a n d / o r   a  c h r o m a t e .  

4.  A  m e t a l   v e s s e l   as  s e t   f o r t h   in   c l a i m   2,  w h e r e i n  

t h e   open   end  p o r t i o n   of  s a i d   s e a m l e s s   cup  i s   s u b j e c t e d  

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

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

5.  A  m e t a l   v e s s e l   as  s e t   f o r t h   in   c l a i m   2,  w h e r e i n  

s a i d   s e a m l e s s   cup  is   t h e   l o w e r   m e m b e r .  

6.  A  m e t a l   v e s s e l   as  s e t   f o r t h   in   c l a i m   1,  w h e r e i n  

t h e   open   end  p o r t i o n s   of  t he   u p p e r   and  l o w e r   members   a r e  

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

a d h e s i v e .  
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