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Lightweight  container. 

A  novel  pressure  holding  container  (1)  formed  of  thin 
sheet  metal  of  the  order  of  between  10  and  4  mils  wherein 
the  container  has  a  bottom  portion  (2)  and  a  top  portion  (3), 
the  bottom  portion  having  a  body  and  an  integral  bottom, 
and  in  one  embodiment having  a  necked-in  upper  end  of the 
body  which  tigthly  fits  into  a  lip  portion  (14)  of  the  lower  end 
of  the  top  portion  and  is  adhesively  bonded  thereto  and 
wherein  the  upper  portion  (16)  of  the  top  portion  has  a  toro- 
conical  shape  which  under  pressure  wants  to  expand  it  into 
a  spherical  shape  and  thus  trhough  beam  loading  on  the  lip 
portion  imposes  compressive  stresses  theron  and  holds  in 
compression  the  adhesive  (32)  which  is  interposed  between 
the  lip  and  the  annulus  of  the  necked,  in  portion  of  the  body 
which  is  loaded  in  tension  by  the  internal  pressure  in  the 
container. 



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

t a i n e r s   s u c h   as  may  be  u s e d   to   c o n t a i n   a  b e v e r a g e .  

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

a r e   p r i m a r i l y   made  of   a l u m i n u m   and  h a v e   a  c y l i n d r i c a l   b o d y  

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

g e n e r a l l y   f l a t   end   member   of   d i f f e r e n t   a l l o y   t h a n   t h e   b o d y  

w h i c h   i s   u s u a l l y   H 1 9 - 3 0 0 4 .   The  p r e s e n t   c o m m e r c i a l   a l u m i n u m  

c o n t a i n e r s   i n c l u d i n g   e n d s   w e i g h   a p p r o x i m a t e l y   0 . 0 1 8 - 0 . 0 2 0 k g .  

( . 0 4 0  -   .045   p o u n d s )   e a c h .   The  s i n g l e   s e r v i c e   b e v e r a g e  c a n s  

of   t h e   1 9 6 0 ' s   i n c l u d e d   a  t h r e e - p i e c e   s t e e l   b o d y ,   s t e e l  

b o t t o m   and   an  a l u m i n u m   t o p .   The  m o s t   p o p u l a r   can   of   t h e  

1 9 7 0 ' s   was  an  a l l   a l u m i n u m   d r a w n   and  w a l l - i r o n e d   can   w i t h   a  

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

t h e   can   b o d y .  

A l u m i n u m ,   b e c a u s e   of  i t s   l i g h t   w e i g h t   and  d u c t i l -  

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

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

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

V a r i o u s   s t r u c t u r e s   h a v e   b e e n   made  to   s h a p e   t h e   b o t t o m   o f  

t h e   can   to   o b t a i n   more   v o l u m e   w i t h   l e s s   s t r e n g t h .   I n v e r t e d  

or   c o n c a v e   b o t t o m s   w e r e   p r o v i d e d   on  t h e   1970  v i n t a g e   c a n s  

to   r e s i s t   t h e   p r e s s u r e   o f   t h e   c o n t e n t s ,   h o w e v e r ,   t h i s  

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

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

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

f l a t   t o p   end   on  s u c h   c a n s   r e q u i r e s   t h e   u se   of  a  s t r o n g  

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



c o m p o s i t i o n s  o f   t h e   body   and  t h a t   of   t h e   end  of   e a c h   c a n ,  

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

S t e e l   c a n s   on  t h e   o t h e r   h a n d ,   b e c a u s e   of   t h e  

t h i c k n e s s   o f   t h e   m e t a l   u s e d ,   r e q u i r e   h i g h   t o n n a g e   p r e s s e s  
and  t o o l s   m u s t   be  more   f r e q u e n t l y   r e p l a c e d .   When  t h i c k  

m e t a l   i s   u s e d ,   t h e   c o s t s   and  c a r r y i n g   w e i g h t s   b e c o m e   e x c e s -  
s i v e .   In  o r d e r   to   o b t a i n   an  e a s y   o p e n i n g   f e a t u r e ,   s t e e l  

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

c y c l i n g .   The  a l u m i n u m   and  t h e   s t e e l   m u s t   be  s e p a r a t e d  
w h i c h   i s   a  t i m e   c o n s u m i n g   c o s t l y   p r o c e s s .   The  a t t r a c t i v e -  

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

and  i t s   g r e a t e r   a v a i l a b i l i t y .  

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

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

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

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

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

j o i n t   i n c l u d i n g   an  a d h e s i v e   l a y e r   b e t w e e n   s a i d   body   a n d  

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

dome  b e i n g   one  w h e r e i n   when  s a i d   can   i s   f i l l e d   w i t h   a  

l i q u i d   p a c k a g e d   u n d e r  p r e s s u r e   s a i d   dome  in  t h e   g e n e r a l  

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

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

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

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

U s i n g   t h e   p r e s e n t   i n v e n t i o n ,   t h e   c o n c a v e   b o t t o m s  

of  t h e   p r i n c i p a l   c u r r e n t   d e s i g n s   . 0 3 5 5   c m  -   0 . 0 3 5 5   cm 

( . 0 1 4   i n c h )   t h i c k   a r e   r e p l a c e d   in   t h e   can   of   t h i s   i n v e n t i o n  

f o r m e d   o f   a l u m i n u m   by  a  c o n v e x   b o t t o m   a b o u t   . 0 2 0 3   cm  ( . 0 0 8  

i n c h )   t h i c k   w h i c h   r e s u l t s   in   a  c o n t a i n e r   of   i n c r e a s e d   v o l -  

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

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

s u b s t i t u t i n g   an  a d h e s i v e   t e l e s c o p e d   j o i n t .   The  t o p   or   d o m e  

of   t h e   new  c o n t a i n e r   may  be  a b o u t   9  m i l s   t h i c k   c o m p a r e d   t o  

t h e   d o u b l e   seam  f l a t   t o p   of   14  m i l s   t h i c k n e s s   o f   t h e   c u r -  

r e n t   c o n t a i n e r s .   The  h e a v y   f l a n g e   t h i c k n e s s   of   7  m i l s  o f  



d o u b l e   s e a m e d   c a n s   i s   n o t   r e q u i r e d   and  i s   r e d u c e d   to   4  m i l s .  

A  t o t a l   p a c k a g e   w e i g h t   o f   a b o u t   1 .4   kg .   (20  p o u n d s )   p e r   o n e  

t h o u s a n d   c a n s   i s   o b t a i n e d   v e r s u s   2 . 6 7 - 2 . 8 1   k g . ( 3 8 - 4 0   p o u n d s )  

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

a l u m i n u m   c a n s .  

The  two  p i e c e s   of   t h e   new  can   a r e   a s s e m b l e d   a t  

t h e   can   p l a n t   and  l a t e r   f i l l e d   t h r o u g h   t h e   s m a l l   d r i n k   h o l e  

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

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

s t e e l   c a n s   2  to   2 - 1 / 2   m i l s   in   w a l l   t h i c k n e s s   a r e   f e a s i b l e .  

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

m a k i n g   t h e   can   of   one   a l l o y   p r o d u c e s   a  u n i - a l l o y   c a n ,   t h e r e -  

f o r e   m a k i n g   i t   more   v a l u a b l e   as  s c r a p   f o r   r e c y c l i n g .  

The  i m p r o v e d   can   r e m a i n s   c l e a n e r ,   has   b e t t e r  

p o u r a b i l i t y   and  can   be  r e c l o s e d   and  r e s e a l e d .   The  new  c o n -  

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

can   be  as  e a s i l y   u s e d   f o r   0 . 0 7   k g .  ( 1 6   o u n c e )   c a n s   as  w e l l  

as  f o r   0 . 0 5 2   kg.   (12  o u n c e )   c a n s   or   e v e n   0 . 0 4 3   kg.   ( 1 0  

o u n c e )   c a n s   m e r e l y   by  l e n g t h e n i n g   or   s h o r t e n i n g   t h e   c a n  

b o d y .   A  f u r t h e r   f e a t u r e   of   t h e   new  c o n t a i n e r   i s   t h a t   i t  

can   be  made  on  p r e s e n t   e x i s t i n g   e q u i p m e n t   w i t h o u t   e x c e s s i v e  

c a p i t a l   i n v e s t m e n t .  

A d v a n t a g e   i s   t a k e n   of   t h e   s h a p e   of   t h e   t o p   and  o f  

t h e   t h i n n e s s   of  a b o u t   0 . 0 2 2   cm.  ( . 0 0 9   i n c h )   and  s h o r t   a x i a l  

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

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

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

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

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

s e c t i o n   to   e x e r t   i n w a r d   f o r c e s   on  t h e   l i p   a t   t h e   b a s e   o f  

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

p r e s s i v e   f o r c e s   t h e r e a g a i n s t   and  to   t h e   p o r t i o n   of   t h e   o p -  

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

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

t e l e s c o p e d   j u n c t i o n   as  w o u l d   o r d i n a r i l y   o c c u r   u n d e r   i n t e r -  

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

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

b e n e f i t s   a s  h e r e i n a f t e r   d e f i n e d .  



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

u n e x p e c t e d l y   f o u n d   t h a t   t h e   a d h e s i v e ,   when  p l a c e d   in   c o m -  

p r e s s i o n ,   e x h i b i t s   a  m a r k e d   i n c r e a s e   in   s h e a r   s t r e n g t h .  

In  0 . 0 5 2   kg.   (12  o u n c e )   c a n s ,   t h e   body   has   a  
d i a m e t e r   o f   6 . 6 0   cm.  ( 2 . 6 0   i n c h e s )   and  an  a x i a l   l e n g t h   o f  

1 0 . 1 6   cm.  (4  i n c h e s )   w h e r e a s   in   t h e   0 . 0 7   kg .   (16  o u n c e )  

can   t h e   body   l e n g t h   or   h e i g h t   i s   1 2 . 0 6   cm.  ( 4 . 7 5   i n c h e s )  

In  o r d e r   to   o b t a i n   a  b e a m i n g   a c t i o n   w h e r e i n   t h e  

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

t o p   p r o d u c e   c o m p r e s s i v e   f o r c e s   on  t h e   a d h e s i v e ,  t h e   t o r -  

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

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

c u a t e   in   c r o s s   s e c t i o n   and  has   a  r a d i u s   of   0 . 0 1 5 8   to   0 . 0 6 3 5  

c m .  ( 1 / 1 6   to   1 /4   i n c h ) .   I t   ha s   b e e n   f o u n d   t h a t   as  t h e  

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

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

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

b u c k l e   and  w r i n k l e   a d j a c e n t   to   t h e   l i p .  

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

b e t w e e n   t h e   cone   and  t h e   l i p   s u c h   t h a t   i n t e r n a l   p r e s s u r e  

f o r c e s   t e n d i n g   to   e x p a n d   t h e   c o n i c a l   s e c t i o n   as  w e l l   a s  t h e  

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

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

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

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

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

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

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

a d h e s i v e l y   b o n d e d   j o i n t   as  an  e x t r e m e l y   n a r r o w   a x i a l   b a n d  

on  t h e   o r d e r   of  0 . 0 1 5 8   t o   0 . 0 3 1 7   c m . ( 1 / 1 6   to   1 /8   i n c h )   w m c h  

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

a d h e s i v e .  

In  s t e e l   c a n s   to   be  c o m p a r a b l e   to   t h e   a l u m i n u m  

cans ,   t h e   w a l l  t h i c k n e s s   of   b o t h   t h e   t o p   and  b o t t o m   s e c t i o n s  



of  t h e   can   w o u l d   be  on  t h e   o r d e r   of   2  to   2 - 1 / 2   m i l s   t h i c k  

or   0 .30mm  ( . 0 1 1 8   i n c h )   t h i c k   w h i c h   in   E u r o p e   and  p a r t i c u -  

l a r l y   in   t h e   N e t h e r l a n d s   i s   i d e n t i f i e d   as  E 5 , 6 / 5 , 6   ( . 5 0 )  

F low  B r i g h t e n e d   Type  and  T e m p e r   DKK  (Type  D  K i l l e d )  

T52  BA  ( T e m p e r ) .  

A l t h o u g h   t h e   can   i s   in   no  way  r e s t r i c t e d   t o   f o r m -  

a t i o n   f rom  a l u m i n u m ,   as  i n d i c a t e d   by  t h e   p o s s i b i l i t y   o f  

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

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

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

t h e r e   has   b e e n  e s t a b l i s h e d   a  can   d e e m e d   m o s t  s u i t a b l e   f o r  

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

c a t i o n s   o f   t h e   c a n ,   h a v e   b e e n   s u b j e c t e d   b o t h   to   a n a l y t i c a l  

and  e x p e r i m e n t a l   t e s t s .   T h e s e   t e s t s   c l e a r l y   i n d i c a t e   t h a t  

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

f o r   maximum  s t r e n g t h   w i t h   a  m in imum  u s a g e   o f   m e t a l   and  a t  

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

t h e   body   and   t h e   dome  w h i c h   w i l l   n o t   be  s u b j e c t   to   r u p t u r e  

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

has   f o u n d   t h a t   m e t a l   c o n t a i n e r s   made  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   c a n  s u s t a i n   a t   l e a s t   a  36  kg .   (80  p o u n d )  

a x i a l   l o a d   and  an  i n t e r n a l   p r e s s u r e   of   7 . 0 3   kg .   p e r   sq .   c m .  

(100  p s i ) .  

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

e n c e   to   t h e   a c c o m p a n y i n g   d r a w i n g s ,   in  w h i c h :  

F i g u r e   1  i s   a  p e r s p e c t i v e   v i e w   of   one  e m b o d i m e n t  

of   t h e   i n v e n t i o n .  

F i g u r e   2  i s   a  t o p   p l a n   v i e w   t h e r e o f .  

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

shown  p a r t l y   i n   a x i a l   s e c t i o n .  

F i g u r e   4  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   t a k e n   s u b s t a n t i a l l y   on  l i n e   4-4  of   F i g u r e   3 .  

F i g u r e   5  i s   a  v i e w   s i m i l a r   t o   F i g u r e   4  s h o w i n g  

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

F i g u r e   6  i l l u s t r a t e s   a  f u r t h e r   e m b o d i m e n t   i n c o r p -  

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



F i g u r e   7  i s   a  p e r s p e c t i v e   v i e w   i l l u s t r a t i n g   a  

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

F i g u r e   8  i s   a  t o p   p l a n   v i e w   t h e r e o f .  

F i g u r e   9  i s   a  s i d e   e l e v a t i o n a l   v i e w   t h e r e o f  

p a r t l y   in   a x i a l   s e c t i o n .  

F i g u r e   10  i s   an  e n l a r g e d   c r o s s   s e c t i o n   t a k e n  

s u b s t a n t i a l l y   on  l i n e   1 0 - 1 0   of   F i g u r e   8 .  

F i g u r e s l l - 1 4   i l l u s t r a t e   a  f u r t h e r   e m b o d i m e n t  

of  t h e   i n v e n t i o n ;  

F i g u r e   11  b e i n g   a  p e r s p e c t i v e   v i e w ;  

F i g u r e   12  b e i n g   a  t o p   p l a n   v i e w ;  

F i g u r e   13  b e i n g   a  s i d e   e l e v a t i o n a l   v i e w   p a r t l y  
in  v e r t i c a l  s e c t i o n   t a k e n   s u b s t a n t i a l l y   on  l i n e   1 3 - 1 3   o f  

F i g u r e   12,   a n d  

F i g u r e   14  i s   an  e n l a r g e d   p o r t i o n   of   a  p a r t   o f  

F i g u r e   1 3 .  

F i g u r e   15  i s   an  e n l a r g e d   f r a g m e n t a r y   a x i a l   s e c -  

t i o n a l   v i e w   t a k e n   t h r o u g h   t h e   l a p   j o i n t   a r e a   of   a  p r e f e r r e d  
e m b o d i m e n t   of   dome  and  body   r e l a t i o n s h i p .  

F i g u r e   16  i s   a  s c h e m a t i c   v i e w   s h o w i n g   t h e   o v e r -  

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

of   a  p r e f e r r e d   e m b o d i m e n t .  

F i g u r e   17  i s   a  p l o t   c o m p a r i n g   t h e   d e f o r m a t i o n   o f  

t h e   dome  and  body   in   t h e   l a p   a r e a   u n d e r   i n t e r n a l   p r e s s u r e  
w i t h   t h e   u n d e f o r m e d   can   s h a p e .  

F i g u r e   18  i s   an  e n l a r g e d   f r a g m e n t a r y   p l o t   of   t h e  

can   of   F i g u r e s   15  and  16  c o m p a r i n g   t h e   d e f o r m e d   s h a p e   w i t h  

t h e   u n d e f o r m e d   s h a p e   when  t h e   can   i s   u n d e r   a  3 6  k g .   ( 8 0  

p o u n d )   a x i a l   f i t m e n t   l o a d .  

F i g u r e   19  i s   a  s c h e m a t i c   s e c t i o n a l   v i e w   of   a  

m o d i f i e d   can  g e o m e t r y   h a v i n g   a  l o w e r e d   l a p   j o i n t .  

F i g u r e   20  i s   a  p l o t   of   t h e   d e f o r m e d   s h a p e   of   t h e  

can   of   F i g u r e   19  u n d e r   i n t e r n a l   p r e s s u r e   as  c o m p a r e d   to   t h e  

u n d e f o r m e d   s h a p e .  

F i g u r e   21  i s   a  s c h e m a t i c   s e c t i o n a l   v i e w   of  a n o t h e r  

m o d i f i e d   can   s h a p e   w h e r e i n   t h e   body   has   a  s t r a i g h t   w a l l .  



F i g u r e   22  i s   a  s c h e m a t i c   s e c t i o n a l   v i e w   t a k e n  

t h r o u g h   t h e   l a p   j o i n t   and  shows  t h e   a r r a n g e m e n t   of   a d h e s i v e  

s e g m e n t s   u t i l i z e d   in   o b t a i n i n g   t h e   a n a l y s i s   d a t a   o f   TABLE  I I .  

F igure   23  is  a  s c h e m a t i c  s e c t i o n a l   view  th rough  the  l a p  

j o i n t   s h o w i n g   t h e   u se   o f   a  s i x   s e g m e n t   a d h e s i v e   a r r a n g e m e n t  
i t i l i z e d   in   o b t a i n i n g   a  p o r t i o n   of  the  a n a l y s i s   da ta   of  TABLE  I I I .  

F i g u r e   24  i s  a   s c h e m a t i c   s e c t i o n a l   v i e w   t h r o u g h  

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

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

d a t a   of   TABLE  I I I .  

An  e m b o d i m e n t  o f   t h e   i n v e n t i o n   i s   shown  in   F i g -  

u r e s   1-5  o f   t h e   d r a w i n g s   as  c o m p r i s i n g   a  c o n t a i n e r ,   g e n e r a l -  

ly   d e s i g n a t e d  1 ,  p r e f e r a b l y  e n t i r e l y   f o r m e d   o f   one  a l l o y   o f  

a l u m i n u m   s u c h   as  H 1 9 - 3 0 0 4 .  

0The  c o n t a i n e r   has   a  l o w e r   or   b o t t o m   p o r t i o n   2  a n d  

a  t o p   p o r t i o n   or   dome  3.  T h e  l o w e r   p o r t i o n   2  c o m p r i s e s   a  

b o t t o m   4  and  an  i n t e g r a l   c y l i n d r i c a l   body   6  w h i c h  a t   i t s   u p -  

p e r   end  8  i s   n e c k e d - i n   to   p r o v i d e   a  r a d i a l l y   i n w a r d l y  

e x t e n d i n g   s h o u l d e r   10  a b o u t   0 . 0 7 9 3   to   0 . 0 1 5 8   cm.  ( 1 / 3 2   t o  

1 / 1 6   i n c h )   w i d e   and  a b o u t   t h e   i n n e r   e d g e   of   w h i c h   t h e r e   i s  

a n  a x i a l l y   e x t e n d i n g   a n n u l u s  o r   r i n g   1 2  o f   a p p r o x i m a t e l y  

0 . 0 3 1 7   cm.  ( 1 / 8   i n c h )   in   l e n g t h .  

The  a n n u l u s   o r   r i n g   12  p r e f e r a b l y  h a s   a  t i g h t   o r  

i n t e r f e r e n c e   f i t   i n t o   t h e   l o w e r   end  of   an  a n n u l a r   b a n d   o r  

l i p   14  of  the  dome  3  which  i s   o f   an  a x i a l   l e n g t h   c o r r e s p o n d i n g  

to   t h a t   o f   t h e   r i n g   12  w h i l e   t h e   dome  3  i s   a b o u t   2 . 1 2   c m .  

( . 8 3 7   i n c h )   in   t o t a l   a x i a l   h e i g h t .   The  u p p e r   edge   of   t h e  

l i p   14  m e r g e s   i n t o   t h e   l o w e r   e d g e   of   a  t o r o i d a l   o r   a r c u a t e  

t r a n s i t i o n   s e c t i o n   15  w h i c h   a t   i t s   u p p e r   e d g e   m e r g e s   i n t o  

t h e   l o w e r   e d g e   of   a  c o n i c a l   s e c t i o n   16.  The  s e c t i o n   l 5 h a s  

a  r a d i u s   of   b e t w e e n   0 . 0 1 5 8   to   0 . 0 6 3 5   c m .  ( 1 / 1 6   and  1 /4   i n c h ) .  

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

The  c o n i c a l   s e c t i o n   16  shown  in   F i g u r e s   1  and  5  i s   p r e f e r -  

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

a n n u l a r   b a n d   18  w h i c h   m e r g e s   a t   i t s   l o w e r   e d g e   w i t h   t h e  

u p p e r   e d g e   of   t h e   t o r o i d a l   s e c t i o n   15  and  t h e   u p p e r   e d g e  

of   t h e   b a n d   18  m e r g e s   w i t h   t h e   l o w e r   e d g e   o f   a  c o n i c a l  

s e g m e n t   20  w h i c h   a t   i t s   u p p e r   e d g e ,   in  t u r n ,   m e r g e s   i n t o  

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



The  b a n d   22  has   i t s   u p p e r   e d g e   m e r g i n g   i n t o   t h e   l o w e r  

e d g e   of   a  s e c o n d   f r u s t o c o n i c a l   s e g m e n t   24  w h i c h ,   a t   i t s  

u p p e r   e d g e ,   m e r g e s   i n t o   a  c u r l   25  w h i c h   i s   t u r n e d   o u t w a r d l y  

o v e r   t h e   s e c o n d   s e g m e n t   2 4 .  

The  l o w e r   e d g e   of  t h e   l i p   14  i s   p r o v i d e d   w i t h   a n  
o u t t u r n e d   d o w n w a r d l y   f l a r i n g   f r u s t o c o n i c a l   or   c u r l e d  

f l a n g e   26  w h i c h   has   an  o u t e r   e d g e   s u b s t a n t i a l l y   c o a x i a l  

w i t h   an  e x t e r n a l   c i r c u l a r   s u r f a c e   30  of   t h e   body   p o r t i o n  

of   t h e   c o n t a i n e r .  

A  p r e f e r a b l y   t h e r m o p l a s t i c   r e s i n   or   a d h e s i v e   32 

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

p o l y e t h y l e n e   or   p o l y p r o p y l e n e   o r   a l t e r n a t i v e l y   t h e r m o s e t t -  

i n g   e p o x y   r e s i n ,   or   v i n y l   p l a s t i s o l   i s   a p p l i e d   t o   an  o u t e r  

s i d e  3 4   o f   t h e   r i n g   12  and  t o   an  i n n e r   s u r f a c e   36  of   t h e  

l i p   p r i o r   to   a s s e m b l y   of   t h e   dome  t o   t h e   l o w e r   p o r t i o n   s o  

t h a t   a f t e r   a s s e m b l y   t h e   a s s e m b l e d   can   may  be  h e a t e d   t o   a  

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

t h e   t o p   and  b o t t o m   p o r t i o n s   o f   t h e   can   may  be  r e l a t i v e l y  

a x i a l l y   or   c i r c u m f e r e n t i a l l y   moved  to   e l i m i n a t e   any  p i n -  

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

good   a d h e s i o n   o f   t h e   a d h e s i v e   to   t h e   m e t a l   p a r t s .   U p o n  

c o o l i n g ,   t h e   a d h e s i v e   32  b o n d s   t h e   t e l e s c o p e d   p a r t s  

t o g e t h e r .  

A  m e t a l   c l o s u r e   40  i s   shown  in   F i g u r e s   1 - 1 0   f o r  

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

c l o s u r e s   of   v a r i o u s   k i n d s   s u c h   as  shown  in  F i g u r e s   1 1 - 1 3  

may  a l s o   be  u s e d .  T h e   c l o s u r e   c o m p r i s e s   a  c e n t e r   p l u g   42  

w h i c h   f i t s   i n t o   t h e   p o u r   o p e n i n g   44.  The  p l u g   has   a n  

a x i a l l y   e x t e n d i n g   s i d e   w a l l   4 5  w h i c h   a t   i t s   l o w e r   end   i s  

c o n n e c t e d   t o   a  b o t t o m   w a l l   46  and  a t   i t s   u p p e r   end  has   a  

d o w n w a r d l y   o p e n   o u t w a r d   c u r l   48  w h i c h   o v e r l i e s   t h e   c o n v e x  

u p p e r   s i d e   49  o f   t h e   c u r l   25  and  i s   d r a w n   t i g h t l y   a g a i n s t  

a  foam  g a s k e t  s e a l i n g   m a t e r i a l   50  a p p l i e d   t h e r e t o   by  m e c h -  

a n i c a l l y   c r i m p i n g   and  e x p a n d i n g   t h e   s i d e   w a l l   45  of   t h e  

p l u g   t o   f o r m   a  s h o u l d e r   51  u n d e r   t h e   c u r l .   The  w a l l   4 6 ,  

s i d e   w a l l   45  and  c u r l   48  a r e   s c o r e d   a t   52,   52  and  a  r i n g  

t y p e   o p e n e r   55  i s   f o r m e d   w i t h   t h e   c l o s u r e   or   cap   and  b e n t  

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

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



o p e n e d   by  l i f t i n g   t h e   r i n g   55  t h u s   b r e a k i n g   t h e   s c o r e s   5 2 ,  

52  and  t h u s   l i f t i n g   t h e   c l o s u r e   o u t   of  t h e   p o u r   o p e n i n g .  

The  s i d e   w a l l   of  t h e   body   p o r t i o n   of   t h e   can   m a y  

be  made  of   a l u m i n u m   h a v i n g   a  s u b s t a n t i a l l y   u n i f o r m   t h i c k -  

n e s s   on  t h e   o r d e r   of   4  m i l s .   The  s i d e   w a l l   t h i c k n e s s   h a s  

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

t h e r e   b e i n g   no  n e c e s s i t y   f o r   a  t h i c k   zone   a b o u t  t h e   o p e n  
end  s i n c e   t h e   d o u b l e   s e a m i n g   has   b e e n   e l i m i n a t e d .   I t   i s ,  

h o w e v e r ,   f e a s i b l e   t o  m a k e   t h e   e n t i r e   s i d e   w a l l   of   t h e   c o n -  

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

a b o u t   4  m i l s   and  t h e . b o t t o m   o f  a b o u t   4-8  m i l s .   H o w e v e r ,   i f  

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

z o n e s   o f   t h e   s i d e   w a l l .  

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

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

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

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

b r e e c h i n g   of   t h e   c o n n e c t i o n .   The  f l a n g e   26  m a t e r i a l l y   i m -  

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

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

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

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

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

T h i s   f e a t u r e   i s   i l l u s t r a t e d   in   F i g u r e   5  w h e r e i n  

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

in   r e g i o n .   The  s h o u l d e r  1 0   s t o p s   t h e   b o d y   f r o m   d e f l e c t i n g  

i n w a r d l y   and  t h u s   p r e v e n t s   p e e l i n g   of   t h e   a d h e s i v e .   F u r -  

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

t h e   can   i s   f i l l e d   w i t h   p r e s s u r i z e d   b e v e r a g e ,   b e c o m e s   a  p r e -  

h e n s i b l e   member   and  w a n t s   to   e x p a n d   i t s   c o n i c a l   s e c t i o n  

i n t o   a  s p h e r e .   T h i s ,   in   t u r n ,   l o a d s   t h e   l i p   p o r t i o n   14  i n  

c o m p r e s s i o n   w h i c h   r e s i s t s   t h e   e x p a n s i o n   of   t h e   n e c k e d - i n  

p o r t i o n   1 0 , 1 2   and   h o l d s   t h e   a d h e s i v e   32  in   c o m p r e s s i o n  

t h e r e b e t w e e n .  

In  t h e   e m b o d i m e n t   of   F i g u r e   6,  as  w e l l   as  a l l  

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

m e n t s   a r e   i d e n t i f i e d   by  t h e   same  r e f e r e n c e   n u m e r a l s .  



As  s e e n   in   F i g u r e   6,  t h e   t o p   p o r t i o n   of   t h e   c o n -  
t a i n e r   i s   an  u n s t e p p e d   c o n i c a l   s e c t i o n .   In  t h i s   e m b o d i m e n t  

t h e   t r a n s i t i o n   f rom  t h e   t o r o i d a l   s e c t i o n   15  to   t h e   c u r l   i s  

a  s m o o t h   s i n g l e   c o n i c a l   s e c t i o n   60,  a  d e s i g n   w h i c h   i s   s a t i s -  

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

c o n t a i n e r .  

In  t h e   e m b o d i m e n t   of  F i g u r e s   7 -10   t h e   n e c k e d - i n  

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

and  t h e  u p p e r   end   of   t h e   body   p o r t i o n   6  i s   a  c o n t i n u o u s  

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

t h e   l i p   14  of  t h e   t o p   p o r t i o n   3.  The  a d h e s i v e   i s   t h u s   h e l d  

in  c o m p r e s s i o n   b e t w e e n  t h e   l i p   14  and  t h e   u p p e r   p o r t i o n   o f  

t h e   body   6 .  

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

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

u p p e r   e d g e   p o r t i o n   8  p r i o r   to   i n s e r t i o n   i n t o   t h e   t o p   l i p  
14  of   t h e   u p p e r   p o r t i o n   and  t h e n   i s   r e l e a s e d   c o m p r e s s i n g  
t h e   a d h e s i v e   32  b e t w e e n   t h e   i n n e r   s u r f a c e   o f   t h e   l i p   a n d  

t h e   o u t e r   s u r f a c e   of   t h e   u p p e r   p o r t i o n   14.  The  a d h e s i v e  

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

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

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

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

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

b e c a u s e   of   t h e   w a l l   t h i c k n e s s e s   b e i n g   o f   t h e   o r d e r   of   4 - 9  

m i l s ,   p r e f e r a b l y   t h e   f o r m e r   f o r   t h e   body   p o r t i o n   6,  and  t h e  

a d h e s i v e   i s   f l e x i b l e .   T h u s ,   when  t h e   c o n t a i n e r   i s   s t r u c k  

w i t h   a  s i d e   b l o w   in   t h e   body   w a l l   a d j a c e n t   to   t h e   j o i n t ,  

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

and  t h e   p l a s t i c   a d h e s i v e ,   a l l o w s   t h e   j o i n t   to   f l e x   i n w a r d l y  

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

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

t h e   i n n e r   p o r t i o n   f r o m   t h e   l i p .  

In  t h e   e m b o d i m e n t   of   F i g u r e s   1 1 - 1 4   t h e   s t r u c t u r e  

of   t h e   b o t t o m   p o r t i o n   2  i s   t h e   same  as  in   t h e   e m b o d i m e n t   o f  

F i g u r e s   1 - 5 .  



The  t o p ,   h o w e v e r ,   is   made  to   a c c o m m o d a t e   a  
d i f f e r e n t   t y p e   of  c l o s u r e   1 0 0 .  

In  t h i s   e m b o d i m e n t   t h e   n e c k   102  a t   t h e   t o p   o f  

t h e   s t e p p e d   cone   104  i s   e l o n g a t e d   and  has   an  i n t u r n e d  

f r u s t o c o n i c a l   l i p   105  w h i c h   f o r m s   a  s m o o t h  a p i c a l   a n n u l u s  

106  a g a i n s t   w h i c h   t h e   b o t t o m   s i d e   108  of   a  r a d i a l   f l a n g e  

110  of   t h e   p l a s t i c   c l o s u r e   100  s e a t s .  

The  f l a n g e   110  i s   c o n n e c t e d   to   a  h o l l o w   s l e e v e  

114  w h i c h   f i t s   i n t o   t h e   l i p   105  and  has   e x t e r n a l   s e a l i n g  

s h o u l d e r s   or  r i n g s   115  and  116 .   S h o u l d e r   115  w e d g e s  

a g a i n s t   t h e   t o p   i n t e r n a l   a n g u l a r   s u r f a c e   117  of   t h e   l i p   1 0 5  

and  t h e   s h o u l d e r   116 ,   w h i c h   i s   a t   t h e   b o t t o m   of   t h e   s l e e v e  

114 ,   u n d e r l a p s   t h e   l o w e r   e d g e   118  of   t h e   l i p   105  a n d  

t i g h t l y   e n g a g e s   t h e r e w i t h .   At  t h e   j u n c t u r e   o f  t h e   u p p e r  
end   of   t h e   s l e e v e   114  and  t h e   f l a n g e   110  t h e r e   i s   p r o v i d e d  

an  i n t e g r a l   t e a r a b l e   t h i n   m e m b r a n e   122  w h i c h  i s   a l s o  

i n t e g r a l   w i t h   t h e   o u t e r   p e r i p h e r a l   e d g e   p o r t i o n   124  of   a  

d e p r e s s e d   c l o s u r e   p l u g   125  w h i c h   i s   i n t e g r a t e d   w i t h   a  h i n g e  

r i n g   126  c o n n e c t e d   by  h i n g e   127  to   t h e   f l a n g e   110  and  a t  

t h e   d i a m e t r i c a l l y   o p p o s i t e   s i d e   to   a  p u l l   t a b   130  w h i c h   i s  

a n g l e d   d o w n w a r d l y   t o w a r d   t h e   cone   t o p   p o r t i o n .   L i f t i n g   o f  

t h e   t a b   r i p s   t h e   m e m b r a n e   122  and  o p e n s   t h e   c o n t a i n e r .  

I t   w i l l   be  n o t e d   t h a t   in   e a c h   e m b o d i m e n t   d e s c r i b -  

ed  a b o v e   t h e   b o t t o m   4  of   t h e   c o n t a i n e r   i s   c o n v e x   and  h a s  

f e e t   75.  The  b o t t o m   w a l l   t h i c k n e s s   i s   u s u a l l y   t h e   i n i t i a l  

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

c a n ,   t h a t   i s   10 -6   m i l s ,   p r e f e r a b l y   8  m i l s ,   t h i c k .   The  b o d y  

w a l l   6  i s   i r o n e d   to   a b o u t   5  m i l s   or   l e s s .   The  t o p   p o r t i o n 3  

i s   a l s o   l e s s   t h a n   10  m i l s   t h i c k ,   p r e f e r a b l y   4-9  m i l s ,   a n d  

t h e   p o u r   o p e n i n g   44  i s   l e s s   t h a n   30%  of   t h e   b o t t o m   a r e a .  

The  a n g l e   of   t h e   c o n i c a l   p o r t i o n s   i s   b e t w e e n   1 0 - 4 5   d e g r e e s ,  

p r e f e r a b l y   2 2 - 1 / 2 ,   in   t h e   s t e p p e d   d e s i g n s ,   as  w e l l   as  i n  

t h e   u n s t e p p e d   d e s i g n   of   F i g u r e   6.  H o w e v e r ,   to   o b t a i n  

g r e a t e r   a x i a l   s t r e n g t h ,   an  a n g l e   of   45  d e g r e e s   w o u l d   b e  

p r e f e r r e d ,   b u t   t h a t   i s   d e p e n d e n t   upon   o t h e r   d e s i r e d   p a r a m -  

e t e r s   as  w i l l   be  d e s c r i b e d   in   more  d e t a i l   h e r e i n a f t e r .   T h e  

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

t o p .  



S t e p s   h a v e   b e e n   t a k e n   to   d e v e l o p   t h e   can   f o r   c o m -  
m e r c i a l i z a t i o n   u t i l i z i n g   a l u m i n u m   as  t h e   m e t a l .   Cans   s u c h  

as  t h a t   g e n e r a l l y   i l l u s t r a t e d   in   F i g u r e s   1-5  h a v e   b e e n  

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

n e s s e s ,   r a d i i ,   a x i a l   d i m e n s i o n s   and  t h e   l i k e .   R e f e r e n c e  

i s   made  to   F i g u r e   15  w h i c h   i l l u s t r a t e s   on  a  l a r g e r   s c a l e  

t h e   s p e c i f i c s   of   t h e   dome  and  can   b o d y   in   t h e   v i c i n i t y  

o f   t h e   l a p   j o i n t   b e t w e e n   t h e   dome  and  t h e   can   b o d y   w i t h  

r e s p e c t   to   w h a t   has   b e e n   c o n s i d e r e d   to   be  t h e   m o s t   e f f i c i e n t  

c o n s t r u c t i o n .  

The  dome  3  h a s   a  w a l l   t h i c k n e s s   t l   on  t h e   o r d e r  

of   9  m i l s .   The  can   body   8  has   a  w a l l   t h i c k n e s s   t2  o f  

4  m i l s ,   b u t   i n c r e a s e s   a t   i t s   e x t r e m e   u p p e r   end  to   a  w a l l  

t h i c k n e s s   t3   of   6  m i l s   f o r   a  d i s t a n c e   g e n e r a l l y   on  t h e  

o r d e r   o f   0 . 0 1 5 2   cm.  ( 0 . 0 6   i n c h ) .   I t   i s   a l s o   t o   be  n o t e d  

t h a t   t h e   e x t r e m e   u p p e r   end   of   t h e   body   8  i s   p r o v i d e d   w i t h   a  

r a d i a l l y  i n w a r d l y   d i r e c t e d   c u r l   29.   The  r i n g   12  i s   r a d i a l -  

ly   i n w a r d l y   o f f s e t   and  h a s   an  a x i a l   h e i g h t   on  t h e   o r d e r   o f  

0 . 0 3 0 4   cm.  ( 0 . 1 2   i n c h ) .   The  l i p   14  h a s   a  l i k e   a x i a l   e x -  

t e n t   and  t h e   t o r r o i d a l   s e c t i o n   1 5  h a s   a  p r e f e r r e d   r a d i u s   R l  

of   0 . 0 3 0 4   cm.  ( 0 . 1 2   i n c h ) .   The  e x t e n t   of   t h e   t o r r o i d a l  

s e c t i o n   15  i s  s u c h   t h a t  t h e   c o n i c a l   s e c t i o n   16  i s   d i s p o s e d  

a t   an  a n g l e   to   t h e   h o r i z o n t a l   on  t h e   o r d e r   o f   2 2 - 1 / 2   d e g r e e s .  

The  n e c k i n g - i n   o f   t h e   u p p e r   p o r t i o n   of   t h e   c a n  

body   8  p r o v i d e s   a  r a d i a l l y   i n w a r d l y   o f f s e t   on  t h e   o r d e r   o f  

0 . 0 1 5 2   cm.  ( 0 . 0 6   i n c h )   w i t h   t h e   s h o u l d e r   10  b e i n g   j o i n e d   t o  

t h e   r i n g   12  by  a  r a d i u s   R2  to   t h e   r e m a i n d e r   o f   t h e   body   8 

by  a  r a d i u s   R3  w h i c h   i s   a l s o   on  t h e   o r d e r   o f   0 . 0 1 5 2   c m .  

( 0 . 0 6   i n c h ) .   I t   i s   to   be  n o t e d   t h a t   t h e   s h o u l d e r   10  s l o p e s  

u p w a r d l y   and   r a d i a l l y   i n w a r d l y   b e t w e e n   t h e   body   8  and  t h e  

r i n g   1 2 .  

E x p e r i m e n t a l   i n v e s t i g a t i o n s   of   t h e   can   c o n s t r u c -  

t i o n   o f   F i g u r e   15  and   m o d i f i c a t i o n s  t h e r e o f   w e r e   made  b y  

I I T   R e s e a r c h   I n s t i t u t e   of   10  Wes t   3 5 t h   S t r e e t ,   C h i c a g o ,  

I l l i n o i s   6 0 6 1 6 ,   U . S . A .  



I t   was  d e t e r m i n e d   in  a d v a n c e   t h a t   t h e r e   a r e   f o u r  

c o n d i t i o n s   w h i c h   c o u l d   p l a c e   l o a d i n g s   on  t h e   can  w h i c h  

c o u l d   be  d e s t r u c t i v e .   T h e s e   a r e :  

1.  I n t e r n a l   p r e s s u r i z a t i o n   l o a d s   w h i c h   may  b e  

as  h i g h   as  7 . 0 3   kg.   p e r   sq .   cm.  (100  p s i ) .  

2.  An  a x i a l   l o a d i n g   a p p l i e d   to   t h e   dome  d u r i n g  

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

h i g h   as  36  kg.   (80  p o u n d s ) .  

R e f e r e n c e   i s   made  to   F i g u r e   16  w h e r e i n   t h e r e   i s  

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

F i g u r e   15  and  was  c o n s i d e r e d   as  t h e   b a s i c   can   c o n s t r u c t i o n  

u n d e r   c o n s i d e r a t i o n .   In  F i g u r e   17  t h e r e   i s   i l l u s t r a t e d  

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

s h a p e   in   d a s h   l i n e s   of   t h e   can   in   t h e   a r e a   of   t h e   j o i n t  

b e t w e e n   t h e   body   and  t h e   dome  when  t h e   can   was  s u b j e c t e d  

to   7 . 0 3   kg  p e r   s q .   cm.  (100  p s i )   i n t e r n a l   p r e s s u r e .  

F o r c e s   and  m o v e m e n t s   in   t h e   body   and  in   t h e   d o m e  

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   t h e   m e r i d i o n a l   and  c i r c u m -  

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

3220  kg.   ( 4 5 , 8 0 0   p s i ) ,   maximum  p e r m i s s i b l e   y i e l d   t h r u s t   i n  

t h e   body   i s   c a l c u l a t e d   to   be  3 2 . 6 8   k g . / c m .   (183  l b s / i n c h  

and  in  t h e   dome  to   be  7 3 . 5 7   k g . / c m .   (412  l b s / i n c h ) ,   and  t h e  

maximum  p e r m i s s i b l e   y i e l d   b e n d i n g   moment   in  t h e   body   to   b e  

0 . 0 5 5   c m . - k g . / c m .   ( 0 . 1 2 2   " l b / i n c h )   and  in   t h e   dome  to  b e  

0 . 2 8   c m . - k g . / c m .   ( 0 . 6 1 8   " l b / i n c h ) .  

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

v a r i o u s   p o i n t s   A-H  ( F i g u r e   17)  to   be  w e l l   w i t h i n   t h e   p e r m i s -  

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

m o m e n t s .   A l s o   t h e   c i r c u m f e r e n t i a l   f o r c e s   and  m o m e n t s   a t  

t h e   p o i n t s   A-H  w e r e   w i t h i n   t h e   p e r m i s s i b l e   l i m i t .  

The  can   of  F i g u r e s   15  and  16  was  a l s o   t h e o r e t i -  

c a l l y   s u b j e c t e d   to   an  a x i a l   f i t m e n t   l o a d   of   36  kg . (80   pounds)  

w i t h   t h e   dome  and  t h e   body   d e f l e c t i n g   as  shown  b y  t h e   d a s h  

l i n e s   in  F i g u r e   18.  In  t h i s   i n s t a n c e   t h e   m e r i d i o n a l   f o r c e s  

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

m o m e n t s   w e r e   n e g l i g i b l e .  



H a v i n g   e s t a b l i s h e d   t h e   can  of   F i g u r e s   15  a n d  

16  as  t h e   p r e f e r r e d   e m b o d i m e n t   and  t h u s   as  a  s t a n d a r d ,  

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

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

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

TABLE  I  w i t h   t h e   s t a n d a r d   b e i n g   i d e n t i f i e d   by  d a s h e s   a n d  

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

s t a n d a r d   w i t h   n u m e r i c   i d e n t i f i c a t i o n   f r o m   1 - 4 ,   w i t h   t h e  

n u m e r a l   1  s h o w i n g   t h e   t e s t   r e s u l t s   of   t h e   m o d i f i e d   s h a p e  

p a r a m e t e r   b e i n g   b e t t e r   t h a n   t h e   s t a n d a r d ;   t h e   n u m e r a l   2 

s h o w i n g   t h e   r e s u l t s   to   be  t h e   same  as  t h e   s t a n d a r d ;   t h e  

n u m e r a l   3  i n d i c a t i n g   t h e   t e s t   r e s u l t s   of   t h e   m o d i f i e d   s h a p e  

to   be  w o r s e   t h a n   t h o s e   of   t h e   s t a n d a r d ;   and  t h e   n u m e r a l   4 

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

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

dome  or   b o d y .  







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

and  t h e   body   l o c a t e d   i m m e d i a t e l y   a d j a c e n t   t h e   t o r o i d a l  

r a d i u s   15  of   t h e   dome  and  h a v i n g   t h e   body   8  n e c k e d - i n   p r o -  
d u c e d   t h e   m o s t   d e s i r a b l e   r e s u l t s .   H o w e v e r ,   i t   was  d e e m e d  

a d v i s a b l e   to   c h a n g e   t h e   l a p   l o c a t i o n   to   b e  1 . 2 7   c m . ( 1 / 2  

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

t h e   dome  on  t h e   l a p   and  to   c o n n e c t   t h e   dome  to   a  s t r a i g h t  

body   t o  s h o w   t h e   a d v a n t a g e o u s   e f f e c t   of   t h e   n e c k - i n   of   t h e  

body   on  t h e   l a p .  

A c c o r d i n g l y ,   a  can   was  c o n s t r u c t e d   as  shown  i n  

F i g u r e   19  w h e r e i n   t h e  d o m e   3  i n c l u d e d   a  c y l i n d r i c a l   p o r t i o n  

27  h a v i n g   an  a x i a l   l e n g t h   of   1 . 2 7   cm.  ( 0 . 5   i n c h ) .   As  w i l l  

be  a p p a r e n t   f rom  t h e   d e f l e c t i o n   t r a c i n g ,   when  t h e   can   o f  

F i g u r e   19  i s   s u b j e c t e d   to   7 . 0 3   kg.   p e r   s q . c m .   (100  p s i )  

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

has   a  l e s s e r   e f f e c t   on  t h e   c o m p r e s s i o n   of   t h e   a d h e s i v e   a s  
shown  in  F i g u r e   20  and  w i l l   be  d i s c u s s e d   h e r e i n a f t e r .   On 

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

c o n s t r u c t i o n   a r e   g e n e r a l l y   t h e   same  as  t h o s e   of   t h e   s t a n d -  

a r d ,   as  i n d i c a t e d   in   TABLE  I .   W i t h   r e s p e c t   to   t h e   a b s e n c e  

of   a  body   n e c k - i n ,   a  can   as  i l l u s t r a t e d   in   F i g u r e   21  w a s  

c o n s i d e r e d .   As  shown  in   TABLE  I ,   t h e   f o r c e   and  m o m e n t s  

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

w e r e   g e n e r a l l y   t h e   same  as  t h o s e   of   t h e   s a m p l e   of   F i g u r e s  

15  and  16.  On  t h e   o t h e r   h a n d ,   n o r m a l  s t r e s s e s   in  t h e   a d -  

h e s i v e   u n d e r   p r e s s u r i z a t i o n   w e r e   b e l o w   t h e   s t a n d a r d   as  w i l l  

be  d i s c u s s e d   in   d e t a i l   h e r e i n a f t e r .  

I t   h a s   t h e r e f o r e   b e e n   c o n c l u d e d   t h a t   t h e   b e s t  

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

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

a  n e c k i n g - i n   of  t h e   b o d y .   R e t u r n i n g   now  to  F i g u r e   17,  i t  

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

c o n i c a l   s e c t i o n   16  i s   a n g l e d   u p w a r d l y   to   a  g r e a t e r   e x t e n t  

and  t h e   r a d i u s   15  i s   d e f o r m e d   and  moved  r a d i a l l y   i n w a r d l y  

so  as  to   u r g e   t h e   u p p e r  p o r t i o n   of   t h e   l i p   14  r a d i a l l y  

i n w a r d l y .   At  t h e   same  t i m e   t h e   o f f s e t   of   t h e   n e c k e d - i n  

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



t h e   s h o u l d e r   10  and  t h e   l o w e r   p o r t i o n   of  t h e   r i n g   12  m o v e s  

r a d i a l l y   o u t w a r d l y   so  as  to   c o m p r e s s   t h e   a d h e s i v e .   T h e  

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

b e n e f i c i a l   e f f e c t   of   p r e v e n t i n g   p e e l .   I t   f u r t h e r   has   t h e  

u n e x p e c t e d   a d v a n t a g e o u s   e f f e c t   t h a t   when  t h e   a d h e s i v e   i s  

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

H a v i n g   d e t e r m i n e d   t h a t   t h e   can  c o n f i g u r a t i o n  

of  F i g u r e s   15  and  16  was  t h e   m o s t   d e s i r a b l e ,   t e s t s   w e r e  
made  by  m o d i f y i n g   o t h e r   s h a p e   p a r a m e t e r s .   For   e x a m p l e   a s  
i n d i c a t e d   in   TABLE  I ,   dome  a n g l e s   of   1 0 ° ,   45°  and  90°  w e r e  

a n a l y t i c a l l y   t e s t e d .   As  shown  in  TABLE  I ,  a   dome  a n g l e   o f  

10°  was  shown  to   be  l e s s   d e s i r a b l e   t h a n   a  dome  a n g l e   o f  

2 2 . 5 °   u n d e r   b o t h   i n t e r n a l   p r e s s u r i z a t i o n   and  a x i a l   f i t m e n t  

l o a d i n g .  

W h e n  t h e   dome  a n g l e   was  c h a n g e d   t o   4 5 ° ,   t h e   f o r c e s  

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

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

f l e c t i o n   o f   t h e   a d h e s i v e   l a y e r   w o r s e n e d   as  w i l l   be  s p e c i f i -  

c a l l y   i n d i c a t e d   h e r e i n a f t e r .  

In  a  l i k e   m a n n e r ,   when  t h e   dome  a n g l e   was  c h a n g e d  

to  9 0 ° ,   w h i c h   w o u l d   r e s u l t   in   a  f l a t   t o p   and  t h e r e f o r e   n o t  

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

and  m o m e n t s   w e r e   g e n e r a l l y   t h e   same  as  t h o s e   of   t h e   s t a n d a r d ,  

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

mal  s t r e s s   in   t h e   a d h e s i v e   u n d e r   i n t e r n a l   p r e s s u r i z a t i o n  

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

A n a l y t i c a l   e x p e r i m e n t a t i o n   was  c o n d u c t e d   r e l a t i v e  

to  t h e   dome  t o r u s   r a d i u s ,   d e c r e a s i n g   i t   in   one  e x p e r i m e n t  

to  0 . 1 5 2   cm.  ( 0 . 0 6   i n c h )   and  i n c r e a s i n g   i t   to   0 . 0 6 0 9   c m .  

( 0 . 2 4   i n c h )   in   a n o t h e r   e x p e r i m e n t .   As  i s   c l e a r l y   shown  i n  

TABLE  I ,   a  r e d u c e d   dome  r a d i u s   p r o d u c e d   u n d e s i r a b l e   f o r c e s  

and  m o m e n t s   when  s u b j e c t e d   to   i n t e r n a l   p r e s s u r i z a t i o n .   T h e  

s t r e s s   in   t h e   a d h e s i v e   was  w o r s e   u n d e r   a x i a l   l o a d i n g .  

W h e n  t h e   dome  r a d i u s   was  i n c r e a s e d ,   t h e   f o r c e s  

and  m o m e n t s   c a l c u l a t e d   to   be  e i t h e r   b e t t e r   or   t h e   same  a s  

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

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

the   a d h e s i v e   l a y e r   w o r s e n e d ,   as  w i l l   be  d i s c u s s e d   h e r e i n -  

a f t e r .  



When  t h e   t h i c k n e s s   of  t h e   dome  was  r e d u c e d   to   4 

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

t i o n   of   t h e   a d h e s i v e   l a y e r   u n d e r   i n t e r n a l   p r e s s u r i z a t i o n .  

In  f a c t ,   f a i l u r e   o c c u r r e d   when  t h e   dome  was  a n a l y t i c a l l y  

s u b j e c t e d   to   t h e   3 6  k g .   (80  p o u n d )   f i t m e n t  l o a d i n g .  

The  can   w i t h   a  m o d i f i e d   r a d i u s   of   t h e   n e c k - i n   w a s  

a n a l y t i c a l l y   t e s t e d   w i t h   a  n e c k - i n   r a d i u s   of   0 . 0 7 6   c m .  

( 0 . 0 3 0   i n c h ) ,   and  as  i s   c l e a r l y   shown  in  TABLE  I ,   t h e  

r e s u l t s   w e r e   n o t   as  good   as  when  t h e   r a d i u s   was  0 . 1 5 2   c m .  

( 0 . 0 6 0   i n c h ) .  

The  a b o v e   d e s c r i b e d   a n a l y t i c a l   t e s t s   we re   m a d e  

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

i n t o   t h r e e ,   s i x   or   n i n e   s m a l l e r   c i r c u m f e r e n t i a l   r i n g s   a s  

shown  in  F i g u r e s   2 2 - 2 4 .   T h i s   s e g m e n t a t i o n   was  n e c e s s a r y   t o  

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

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

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

s h a p e   p a r a m e t e r s   r e l a t i v e   to   c o m p r e s s i v e   f o r c e s   on  t h e  

a d h e s i v e   w e r e   o b t a i n e d   as  shown  in   TABLE  I I ,   as  f o l l o w s :  





C o m p a r i n g   t h e   r e s u l t s   of   TABLE  I I   w i t h   t h e   m e r i t s  

of   t h e   d i f f e r e n t   s h a p e s   of   TABLE  I ,   i t   w i l l   be  s e e n   t h a t  

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

s i o n   when  t h e   can   i s   s u b j e c t e d   to   7 . 0 3   kg / cm2   (100  p s i )  

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

w e r e   made  u s i n g   a  s i x   s e g m e n t   a d h e s i v e   a r r a n g e m e n t   as  s h o w n  

in   F i g u r e   23  when  a d h e s i v e   i s   a p p l i e d   o n l y   to   t h e   l a p   a r e a ,  

and  a  n i n e   s e g m e n t   a d h e s i v e   a r r a n g e m e n t   as  shown  in  F i g u r e  

24  when  t h e   a d h e s i v e   i s   p e r m i t t e d   to   f i l l   t h e   s p a c e   b e t w e e n  

t h e   dome  and  t h e   body   b e l o w   t h e   l a p   a r e a .  





R e f e r r i n g   to   t h e   f o r e g o i n g   TABLE  I I I ,   i t   w i l l  

be  s e e n   t h a t   when  t h e   a d h e s i v e   f i l l s   t h e   s p a c e   b e t w e e n  

t h e   dome  and  t h e   body   b e l o w   t h e   l a p   t h e   c o m p r e s s i v e   f o r c e s  

on  t h e   a d h e s i v e   a r e   g r e a t l y   r e d u c e d   u n d e r   i n t e r n a l   p r e s -  
s u r i z a t i o n   of   t h e   can   and ,   in  f a c t ,   in   t h e   l o w e r   p a r t   o f  

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

w o u l d   g e n e r a l l y ' i n d i c a t e   t h a t   w h e n  t h e   s p a c e   b e t w e e n   t h e  

dome  and  t h e   body  i s   f i l l e d   w i t h   a d h e s i v e   t h e r e   i s   a  p o o r  
j o i n t ,   i t   i s   u n d e r s t o o d   t h a t   e v e n   i f   t h a t   a d d e d   a d h e s i v e  

s h o u l d   f a i l ,   t h e   n e t   r e s u l t   w i l l   be  no  l e s s   t h a n   t h a t   w i t h  

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

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

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

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

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

l o w e r   e d g e   of   t h e   dome  and  t h e   body   and  t h u s   d o e s   s e r v e  

a  u s e f u l   p u r p o s e .   F u r t h e r m o r e ,   b e c a u s e   in   t h e   a s s e m b l y  

of  t h e   dome  and  t h e   body   t h e   a d h e s i v e   i s   a p p l i e d   to   t h e  

body   r i n g   12  and  t h e r e   i s   an  i n t e r f e r e n c e   f i t   b e t w e e n   t h e  

dome  and  t h e   b o d y ,   any  e x t r a   a d h e s i v e   on  t h e   b o d y ,   a n d  

t h e r e   w i l l   a l w a y s   be  some ,   w i l l   f l o w   i n t o   t h e   l o w e r   p a r t  

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

edge   of   t h e   dome  and  t h e  a d j a c e n t   p o r t i o n   of   t h e   b o d y .  

From  t h e   v a l u e s   of  a d h e s i v e   l o a d i n g   in   TABLES  I I  

and  I I I ,   and  i t   w i l l   be  r e a d i l y   a p p a r e n t   t h a t   u n d e r   t h e  

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

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

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

e x p e c t e d .  

I t   w i l l   become   a p p a r e n t   f rom  t h e   f o r e g o i n g   d i s -  

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

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

b e v e r a g e s ,   u se   a  min imum  a m o u n t   of   m e t a l   and  s t r a t e g i c a l l y  

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

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

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

b r e e c h e d .  



1.  A  m e t a l   c o n t a i n e r   c h a r a c t e r i z e d   by  a  body   (2), 

a  dome  ( 3 ) ,   and  a  l a p p e d   j o i n t   i n c l u d i n g   an  a d h e s i v e   l a y e r  

(32)  b e t w e e n   s a i d   body  and  s a i d   dome,   and  t h e   r e l a t i o n s h i p  

b e t w e e n   s a i d   body   and  s a i d   dome  b e i n g   one  w h e r e i n   w h e n  s a i d  

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

dome  in  t h e   g e n e r a l   a r e a   of   s a i d   l a p p e d   j o i n t   r a d i a l l y   i n -  

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

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

d e f o r m a t i o n   of   s a i d   dome  and  s a i d   body   c o m p r e s s i n g   s a i d  

a d h e s i v e   l a y e r .  

2.  A  m e t a l   c o n t a i n e r   a c c o r d i n g   to   c l a i m   1,  c h a r -  

a c t e r i z e d   in  t h a t   s a i d   a d h e s i v e   (32)  i s   of   t h e   t y p e   w h e r e i n  

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

h e s i v e .  

3.  A  m e t a l   c o n t a i n e r   a c c o r d i n g   to   c l a i m   1 ,  

c h a r a c t e r i z e d   in  t h a t   s a i d   a d h e s i v e   i s   a  f l e x i b l e   a d h e s i v e .  

4.  A  m e t a l   can   a c c o r d i n g   to   c l a i m   1,  2  or   3 ,  

c h a r a c t e r i z e d   in  t h a t   s a i d   dome  (3)  i s   of   a  g r e a t e r   w a l l  

t h i c k n e s s   t h a n   s a i d   body   (2)  w h e r e i n   t h e   r e s i s t a n c e   o f   s a i d  

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

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

5.  A  m e t a l   c o n t a i n e r   a c c o r d i n g   t o   any  o f  c l a i m s  

1  to   4,  c h a r a c t e r i z e d   in  t h a t   s a i d   dome  (3)  h a s   a  l o w e r  

c y l i n d r i c a l   l i p   (14)  f o r m i n g   p a r t   of  s a i d   dome,   s a i d   l i p  

m e r g e s   a t   i t s   u p p e r   edge   i n t o   a  t o r o i d a l   c u r v e   (15)  w h i c h  

m e r g e s   i n t o   a  c o n i c a l   i n n e r   and  u p p e r   p o r t i o n ,   ( 1 6 , 1 8 , 2 0 ,  

2 2 , 2 4 ; 6 0 )   and  w h e r e i n   u n d e r   i n t e r n a l   p r e s s u r e   s a i d   c o n i c a l  

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

t o r o i d a l   c u r v e   (15)  i s   d e f o r m e d   g e n e r a l l y   r a d i a l l y   i n w a r d l y  

w i t h   an  a s s o c i a t e d   t i l t i n g   o f   s a i d   l i p   (14)  and  a  r a d i a l l y  

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

and  c o m p r e s s i o n   of   an  u p p e r   p a r t   of  s a i d   a d h e s i v e r   l a y e r  ( 3 2 ) .  

6.  A  m e t a l   c o n t a i n e r   a c c o r d i n g   to   c l a i m   5,  c h a r -  

a c t e r i z e d   in   t h a t   s a i d   c o n i c a l   p o r t i o n   has   a t   l e a s t   o n e  

a n n u l a r   s t e p   ( 1 8 , 2 2 ) .  



7.  A  m e t a l   c o n t a i n e r   a c c o r d i n g   to   c l a i m   5  or   6 ,  

c h a r a c t e r i z e d   in   t h a t   s a i d   c o n i c a l   p o r t i o n   ( 1 6 , 1 8 , 2 0 , 2 2 ,  

2 4 ; 6 0 )   i s   d i s p o s e d   a t   an  a n g l e   to   t h e   h o r i z o n t a l   g e n e r a l l y  

r a n g i n g   f r o m   10  d e g r e e s   to  45  d e g r e e s .  

8.  A  m e t a l   c o n t a i n e r   a c c o r d i n g   to   any  of   c l a i m s  

1  to   7,  c h a r a c t e r i z e d   in   t h a t   an  u p p e r   end  p o r t i o n   (8)  o f  

s a i d   body   (2)  i s   n e c k e d - i n   to   d e f i n e   a  r a d i a l l y   i n w a r d l y  

o f f s e t   u p p e r   r i n g   (12)  c o n n e c t e d   to   an  a d j a c e n t   p o r t i o n   o f  

s a i d   body   by  a  r a d i a l l y   i n w a r d l y   and  a x i a l l y   u p w a r d l y  

s l o p i n g   s h o u l d e r   ( 1 0 ) ,   and  i n t e r n a l   p r e s s u r e   w i t h i n   s a i d  

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

a r e a   of   s a i d   s h o u l d e r   (10)  to   d e f o r m   a t   l e a s t   a  l o w e r   p o r -  

t i o n   of   s a i d   r i n g   (12)  r a d i a l l y   o u t w a r d l y   to   c o m p r e s s   a t  

l e a s t   a  l o w e r   p a r t   of   s a i d   a d h e s i v e   l a y e r   ( 3 2 ) .  

9.  A  m e t a l   c o n t a i n e r   A c c o r d i n g   to   c l a i m   8 ,  

c h a r a c t e r i z e d   in   t h a t   t h e   a x i a l   e x t e n t s   of   s a i d   l i p   ( 1 4 )  

and  s a i d   r i n g   (12)  a r e   g e n e r a l l y   t h e   s a m e ,   and  s a i d   l i p   a n d  

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

10.  A  m e t a l   c o n t a i n e r   a c c o r d i n g   to   c l a i m   8  o r   9 ,  

c h a r a c t e r i z e d   in   t h a t   s a i d   dome  )3)  t e r m i n a t e s   in   a  l o w e r -  

m o s t   r a d i a l l y   o u t t u r n e d   c u r l   (26)  and  s a i d   c u r l   o v e r l i e s  

s a i d   s h o u l d e r   (10)  w i t h i n   an  a x i a l   e x t e n s i o n   of   s a i d   b o d y ,  

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

l i p   and  s a i d   r i n g .  

11.  A  m e t a l   c o n t a i n e r   a c c o r d i n g   to   c l a i m   1 0 ,  

c h a r a c t e r i z e d   in  t h a t   s a i d   a d h e s i v e   l a y e r   (32)  e x t e n d s   b e -  

t w e e n   s a i d   c u r l   (26)  and  s a i d   s h o u l d e r   ( 1 0 ) .  

12.   A  m e t a l   c o n t a i n e r   a c c o r d i n g   to   c l a i m   8,  9  o r  

10,  c h a r a c t e r i z e d   in   t h a t   s a i d   body   (2)  t e r m i n a t e s   in   a n  

u p p e r m o s t   r a d i a l l y   i n w a r d l y   d i r e c t e d   c u r l   ( 2 9 ) ,   s a i d   c u r l  

(29)  f o r m i n g   m e a n s   f a c i l i t a t i n g   t e l e s c o p i n g   of  s a i d   l i p  

(14)  and  s a i d   r i n g   ( 1 2 ) .  

13.  A  m e t a l   c o n t a i n e r   a c c o r d i n g   to   any  o f   c l a i m s  

8  to   12,  c h a r a c t e r i z e d   in  t h a t   t h e r e   i s   an  i n t e r f e r e n c e   f i t  

b e t w e e n   s a i d   l i p   (14)  and  s a i d   r i n g   (12)  w h e r e i n   in   a  n o n -  

l o a d e d   s t a t e   of  s a i d   can  s a i d   a d h e s i v e   l a y e r   (32)  i s   in   a  

c o m p r e s s e d   s t a t e .  



14.  A  m e t a l   c o n t a i n e r   a c c o r d i n g   to   any  of  t h e  p r e -  

c e e d i n g   c l a i m s ,   c h a r a c t e r i z e d   in  t h a t   s a i d   body   (2)  has   a  

b o t t o m   (4)  and  s a i d   dome  (3)  has   a  f i t m e n t   r e c e i v i n g   o p e n -  

i n g   ( 4 4 ) ,   s a i d   o p e n i n g   (44)  h a v i n g   an  a r e a   l e s s   t h a n   30 

p e r c e n t   of   t h e   a r e a   of   s a i d   b o t t o m   ( 4 ) .  

15.  A  m e t a l   c o n t a i n e r   a c c o r d i n g   to   any  of   t h e  

p r e c e e d i n g   c l a i m s ,   c h a r a c t e r i z e d   in   t h a t   s a i d   dome  (3)  h a s  

a  s h o r t   a x i a l   l e n g t h   as  c o m p a r e d   to   s a i d   body   ( 2 ) .  

16.  A  m e t a l   c o n t a i n e r   a c c o r d i n g   to   any  of  t h e  

p r e c e e d i n g   c l a i m s ,   c h a r a c t e r i z e d   in   t h a t   s a i d   body   (2)  a n d  

s a i d   dome  ( 3 )  a r e   b o t h   f o r m e d   of   a l u m i n u m ,   s a i d   dome  h a s   a  

w a l l   t h i c k n e s s   on  t h e   o r d e r   of   0 . 0 2 2 8   cm.  ( 0 . 0 0 9   i n c h )   a n d  

s a i d   body   has   a  w a l l   t h i c k n e s s   on  t h e   o r d e r   of   0 . 0 1 0 1   c m .  

( 0 . 0 0 4   i n c h ) .  

17.  A  m e t a l   c o n t a i n e r   a c c o r d i n g   to   any  of   c l a i m s   1 

to   15,   c h a r a c t e r i z e d   in   t h a t   s a i d   can   i s   f o r m e d   of  s h e e t  

s t e e l .  

18.  A  m e t a l   c o n t a i n e r   a c c o r d i n g   to   any  of   c l a i m s  

1  to   15,  c h a r a c t e r i z e d   in   t h a t   s a i d   b o d y   is   f o r m e d   of  s h e e t  

s t e e l   h a v i n g   a  t h i c k n e s s   no  g r e a t e r   t h a n   0 . 0 0 5 0   c m . ( 0 . 0 0 2  

i n c h ) .  

19.  A  m e t a l   c o n t a i n e r   a c c o r d i n g   to   any  of  c l a i m s  

1  to   15,   c h a r a c t e r i z e d   in   t h a t   s a i d   body   i s   f o r m e d   o f   s h e e t  

s t e e l   h a v i n g   a  t h i c k n e s s   on  t h e   o r d e r   of   0 . 0 0 7 6   c m .  

( 0 . 0 0 3   i n c h ) .  

20.  A  m e t a l   c o n t a i n e r   a c c o r d i n g   to   any  of  t h e  

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

dome  and  s a i d   l a p p e d   j o i n t   a l l   can  s u s t a i n   a  36  kg.   ( 8 0  

p o u n d )   a x i a l   l o a d   in   t h e   e m p t y   can   s t a t e   and   an  i n t e r n a l  

p r e s s u r e   of  7 . 0 3   kg .   p e r   sq .   cm.  (100  p s i ) .  
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