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©  Container  closure  having  an  Improved  liner. 

A  container  closure  comprising  a  shell  (4)  having  a  circu- 
lar  top  panel  (6)  and  a  substantially  cylindrical  skirt  (8) 
extending  downwardly  from  the  peripheral  edge  of  the  circu- 
lar  top  panel,  and  a  plastic  liner  (10)  disposed  in  the  inside  of 
the  top  panel  of  the  shell.  The  liner  has  at  least  two  annular 
protrusions.  A  first  annular  protrusion  (12)  located  outwardly 
includes  an  inner  circumferential  surface  (12a)  to  be  brought 
into  contact  with  the  peripheral  surface  of  an  opening  end  of 
a  container  to  be  sealed.  A  second  annular  protrusion  (14) 
located  inwardly  is  disposed  such  that  it  faces  the  top  surface 
of  the  opening  end  of  the  container,  and  is  adapted  to  be 
brought  into  close  contact  with  the  top  surface  of  the  open- 
ing  end. 



F i e l d  o f   t h e   I n v e n t i o n  

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

and   more   s p e c i f i c a l l y ,   to   a  c o n t a i n e r   c l o s u r e   of  t h e   t y p e  

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

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

t h e   p e r i p h e r a l   edge   of   t h e   c i r c u l a r   t o p   p a n e l ,   and  a  

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

t h e   s h e l l .  

D e s c r i p t i o n   of   t h e   P r i o r   A r t  

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

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

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

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

a  c o n t a i n e r .   J a p a n e s e   L a i d - O p e n   P a t e n t   P u b l i c a t i o n  

No.  6 5 1 8 4 / 7 8   d i s c l o s e s   t h a t   in   o r d e r   to   p r o v i d e   i m p r o v e d  

s e a l i n g   p r o p e r t i e s   f o r   an  o p e n i n g   p o r t i o n   of   a  c o n t a i n e r ,  

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

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

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

of   a  c o n t a i n e r   to   be  s e a l e d ,   and  an  i n s i d e   a n n u l a r  

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

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

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



p r o p o s e d   f o r m s ,   as  can   be  u n d e r s t o o d   f r o m   a  w o r k i n g  

e x a m p l e   g i v e n   i n   t h e   a b o v e - c i t e d   J a p a n e s e   P a t e n t  

P u b l i c a t i o n .   E x p e r i m e n t s   of   t h e   p r e s e n t   i n v e n t o r s ,  

h o w e v e r ,   h a v e   shown  t h a t   t h e   s e a l i n g   p r o p e r t i e s   of   a  

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

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

on  i t ,   and  i t   i s   d e s i r e d   to   s o l v e   t h i s   p r o b l e m .  

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

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

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

c l o s u r e   so  as  to   m a i n t a i n   s u f f i c i e n t   s e a l i n g   p r o p e r t i e s  

e v e n   when  a  c o n s i d e r a b l y   l a r g e   i m p a c t   i s   e x e r t e d .  

E x t e n s i v e   i n v e s t i g a t i o n s   and  e x p e r i m e n t s   o f  

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

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

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

e x e r t e d   t h e r e o n   i f   a  l i n e r   to   be  d i s p o s e d   i n   t h e   i n s i d e  

o f   a  t o p   p a n e l   o f   i t s   s h e l l   h a s   a  f i r s t   a n n u l a r   p r o t r u -  

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

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

of   an  o p e n i n g   end   of   a  c o n t a i n e r   to   be  c l o s e d   and   a  

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

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

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

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

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

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

a  c i r c u l a r   t o p   p a n e l   and   a  s u b s t a n t i a l l y   c y l i n d r i c a l  
s k i r t   e x t e n d i n g   d o w n w a r d l y   f rom  t h e   p e r i p h e r a l   edge   o f  

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

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

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

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

o p e n i n g   end  o f   a  c o n t a i n e r   t o   be  s e a l e d ,   c h a r a c t e r i z e d  
in   t h a t   a  s e c o n d   a n n u l a r   p r o t r u s i o n   l o c a t e d   i n w a r d   i s  



d i s p o s e d   s u c h   t h a t   i t   f a c e s   t h e   top   s u r f a c e   of  t h e   o p e n -  

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

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

In  a  p r e f e r r e d   e m b o d i m e n t   of  t h e   c o n t a i n e r  

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

H2  of   t h e   s e c o n d   a n n u l a r   p r o t r u s i o n   i s   l a r g e r   t h a n   t h e  

p r o t r u d i n g   h e i g h t   H1  of  t h e   f i r s t   a n n u l a r   p r o t r u s i o n .  

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

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

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

a  s o - c a l l e d   doming   p h e n o m e n o n   ( t h e   p h e n o m e n o n   e x h i b i t e d  

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

in   c o n v e x   fo rm  by  t h e   p r e s s u r e   p r e s e n t   w i t h i n   a  c o n t a i n e r ) ,  

can  be  more   s u r e l y   p r e v e n t e d .  

B r i e f   D e s c r i p t i o n   of  t h e   D r a w i n g s  

F i g u r e   1  i s   a  c r o s s - s e c t i o n a l   v i e w   s h o w i n g   o n e  

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

a c c o r d a n c e   w i t h   t h i s   i n v e n t i o n ;  

- F i g u r e   2  i s   a  p a r t i a l   c r o s s - s e c t i o n a l   v i e w   o n  

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

c l o s u r e   shown  in  F i g u r e   1 ;  

F i g u r e   3  i s   a  p a r t i a l   c r o s s - s e c t i o n a l   v i e w ,  
s i m i l a r   to   F i g u r e   2,  s h o w i n g   a  m o d i f i e d   e x a m p l e   of  t h e  

l i n e r ;  

F i g u r e   4  i s   a  p a r t i a l   c r o s s - s e c t i o n a l   v i e w  

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

a  c o n t a i n e r   c l o s u r e   and  a  c o n t a i n e r   mou th   p o r t i o n   b e f o r e  

s e a l i n g   t h e   c o n t a i n e r   mouth   p o r t i o n   w i t h   t h e   c o n t a i n e r  

c l o s u r e   shown  in  F i g u r e   1 ;  

F i g u r e   5  i s   a  p a r t i a l   c r o s s - s e c t i o n a l   v i e w  

s h o w i n g   on  an  e n l a r g e d   s c a l e   t h e   s t a t e   of  t h e   c o n t a i n e r  

c l o s u r e   in  F i g u r e   1  a f t e r   i t   has   b e e n   t i g h t l y   f i t t e d  

o v e r   t h e   m o u t h   p o r t i o n   of  a  c o n t a i n e r ;  

F i g u r e   6  i s   a  p a r t i a l   c r o s s - s e c t i o n a l   v i e w ,  

s i m i l a r   to   F i g u r e   2,  s h o w i n g   a n o t h e r   e m b o d i m e n t   of  t h e  

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

i n v e n t i o n ;  

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



s i m i l a r   to   F i g u r e   4,  s h o w i n g   t h e   r e l a t i v e   p o s i t i o n s   o f  

t h e   c o n t a i n e r   c l o s u r e   shown  in   F i g u r e   6  and  t h e   m o u t h  

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

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

F i g u r e   8  i s   a  p a r t i a l   c r o s s - s e c t i o n a l   v i e w ,  

s i m i l a r   to   F i g u r e   5,  s h o w i n g   t h e   s t a t e   of   t h e   c o n t a i n e r  

c l o s u r e   shown  in   F i g u r e   6  a f t e r   i t   h a s   b e e n   t i g h t l y  

f i t t e d   o v e r   t h e   m o u t h   p o r t i o n   of   a  c o n t a i n e r ;  

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

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

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

b u l g i n g   b o t t o m   p o r t i o n   i s   p r o v i d e d   in   a  l i n e r ;  

F i g u r e   10  i s   a  p a r t i a l   c r o s s - s e c t i o n a l   v i e w   o f  

t h e   c o n t a i n e r   c l o s u r e   shown  in   F i g u r e   9 ;  

F i g u r e   11  i s   a  p a r t i a l   c r o s s - s e c t i o n a l   v i e w ,  

s i m i l a r   to   F i g u r e   10 ,   s h o w i n g   a  m o d i f i e d   e x a m p l e   of   t h e  

t h i n   b u l g i n g   b o t t o m   p o r t i o n ;  

F i g u r e   12  i s   a  p a r t i a l   p e r s p e c t i v e   v i e w ,  
s i m i l a r   to   F i g u r e   9,  s h o w i n g   s t i l l   a n o t h e r   m o d i f i e d  

e x a m p l e   of  t h e   t h i n   b u l g i n g   b o t t o m   p o r t i o n ;  

F i g u r e   13  i s   a  s i m p l i f i e d   v i e w   f o r   i l l u s t r a t i n g  

an  i m p a c t   t e s t   p e r f o r m e d   in   E x p e r i m e n t a l   E x a m p l e   A;  a n d  

F i g u r e   14  i s   a  p a r t i a l   c r o s s - s e c t i o n a l   v i e w  

f o r   i l l u s t r a t i n g   t h e   d e g r e e   of  p e e l i n g   in   E x p e r i m e n t a l  

E x a m p l e   B .  

D e t a i l e d   D e s c r i p t i o n   of   P r e f e r r e d   E m b o d i m e n t s  

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

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

R e f e r r i n g   t o   F i g u r e   1,  t h e   c o n t a i n e r   c l o s u r e  

g e n e r a l l y   shown  a t   2  i s   c o n s t r u c t e d   of  a  s h e l l   4  h a v i n g  

a  c i r c u l a r   t o p   p a n e l   6  and   a  s u b s t a n t i a l l y   c y l i n d r i c a l  

s k i r t   8  e x t e n d i n g   f r o m   t h e   p e r i p h e r a l   edge   of   t h e   t o p   p a n e l  
6  and   a  p l a s t i c   l i n e r   10  d i s p o s e d   in   t h e   i n s i d e   of   t h e   t o p  

p a n e l   6  of  t h e   s h e l l   4.  The  s h e l l   4  can   be  p r o d u c e d   f r o m  

an  e a s i l y   d e f o r m a b l e   m e t a l l i c   b l a n k   by  m e t h o d s   known  t o  

t h o s e   s k i l l e d   in   t h e   a r t .   A l u m i n u m - b a s e   a l l o y   p l a t e s ,  

t i n   p l a t e s ,   and  c h r o m i u m - t r e a t e d   s t e e l   p l a t e s   can   be  c i t e d  



as  s u i t a b l e   m e t a l l i c   b l a n k s .   The  a l u m i n u m - b a s e   a l l o y  

p l a t e s   a r e   e s p e c i a l l y   p r e f e r r e d .   The  p l a s t i c   l i n e r   1 0  

can  be  f o r m e d   by  m o l d i n g   a  s y n t h e t i c   r e s i n ,   f o r   e x a m p l e ,  

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

c h l o r i d e   by  m e t h o d s   known  p e r   se  ( f o r   e x a m p l e ,   t h e  

m e t h o d s   d i s c l o s e d   in   J a p a n e s e   P a t e n t   P u b l i c a t i o n s  

Nos .   1 3 1 5 6 / 6 5 ,   5 5 8 8 / 6 6 ,   5 7 0 6 / 7 3   and  1 9 8 8 6 / 7 3 ,   J a p a n e s e  

L a i d - O p e n   P a t e n t   P u b l i c a t i o n   No.  1 0 5 6 8 9 / 7 4 ,   and  U.  S .  

P a t e n t s   Nos .   3 1 3 5 0 1 9 ,   3 2 1 2 1 3 1   and  3 2 7 8 9 8 5 ) .  

R e f e r r i n g   to   F i g u r e s   1  and  2,  t h e   f o rm  of  t h e  

l i n e r   10  i m p r o v e d   in   a c c o r d a n c e   w i t h   t h i s   i n v e n t i o n   i s  

d e s c r i b e d .  

The  i l l u s t r a t e d   l i n e r   10  i m p r o v e d   in   a c c o r d a n c e  

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

a n n u l a r   p r o t r u s i o n s   12  and  14.   The  a n n u l a r   p r o t r u s i o n  

12  w h i c h   i s   l o c a t e d   o u t w a r d   may  be  of  any  d e s i r e d   s h a p e  

so  l o n g   as  i t   h a s   an  i n n e r   c i r c u m f e r e n t i a l   s u r f a c e   1 2 a  

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

p h e r a l   s u r f a c e   of  an  o p e n i n g   end  of  a  c o n t a i n e r   when  t h e  

c l o s u r e   2  i s   t i g h t l y   f i t t e d   o v e r   t h e   o p e n i n g   p o r t i o n   o f  

t h e   c o n t a i n e r   to   be  s e a l e d ,   as  w i l l   be  d e s c r i b e d   h e r e i n -  

b e l o w .   A d v a n t a g e o u s l y ,   as  shown  c l e a r l y   in   F i g u r e   2 ,  

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

p e r p e n d i c u l a r   to   t h e   t o p   p a n e l   6  of  t h e   s h e l l   4  s p a c e d  

some  d i s t a n c e   f rom  t h e   i n n e r   s u r f a c e   of  t h e   s k i r t   8  o f  

t h e   s h e l l   4,  and  b o t h   of  i t s   i n n e r   c i r c u m f e r e n t i a l  

s u r f a c e   12a  and  p e r i p h e r a l   s u r f a c e   12b  a r e   s u b s t a n t i a l l y  

p e r p e n d i c u l a r   to  t h e   t o p   p a n e l   6  of  t h e   s h e l l   4 .  

D e s i r a b l y ,   t h e   end  12c  of   t h e   i n n e r   c i r c u m f e r e n t i a l  

s u r f a c e   12a  i s   i n c l i n e d   r a d i a l l y   o u t w a r d l y   in   v i e w   o f  

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

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

h a v i n g   a  s u i t a b l e   c u r v a t u r e .   P r e f e r a b l y ,   t h e   b a s e  

p o r t i o n   12d  of  t h e   i n n e r   c i r c u m f e r e n t i a l   s u r f a c e   12a  i s  

i n c l i n e d   r a d i a l l y   i n w a r d l y   to   f o rm  a  t h i c k   b o t t o m  

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

p r o t r u s i o n   12  and  f o r   f a c i l i t a t i n g   m o l d i n g .   When  a  

v e r y   h i g h   i m p a c t   i s   l i k e l y   to   be  e x e r t e d   on  t h e   s h o u l d e r  



p o r t i o n   ( t h e   b o u n d a r y   b e t w e e n   t h e   t op   p a n e l   6  and  t h e  

s k i r t   8)  of   t h e   s h e l l ,   t h e   p e r i p h e r a l   s u r f a c e   12b  of  a  

f i r s t   a n n u l a r   p r o t r u s i o n   12  can   be  c o n t a c t e d   w i t h   t h e  

i n n e r   s u r f a c e   of   t h e   s k i r t   8  of  t h e   s h e l l ,   as  i l l u s t -  

r a t e d   in   F i g u r e   3.  The  s e c o n d   a n n u l a r   p r o t r u s i o n   1 4  

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

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

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

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

t h e   o p e n i n g   end   of   t h e   c o n t a i n e r   when  t h e   c l o s u r e   2  i s  

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

to   be  s e a l e d .   P r e f e r a b l y ,   t h e   s e c o n d   a n n u l a r   p r o t r u s i o n  

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

of  t h e   f i r s t   a n n u l a r   p r o t r u s i o n   12,   and   t h e   p r o t r u d i n g  

h e i g h t   H2  o f   t h e   s e c o n d   a n n u l a r   p r o t r u s i o n   14  i s   l a r g e r  
t h a n   t h e   p r o t r u d i n g   h e i g h t   H1  of  t h e   f i r s t   a n n u l a r   p r o -  
t r u s i o n   12.   M o r e o v e r ,   in   v i e w   of   v a r i o u s   f a c t o r s   s u c h  

as  t h e   s t r e n g t h   of   c o n t a c t   to   t h e   t op   s u r f a c e   o f   t h e  

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

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

p r o t r u s i o n   14  p r e f e r a b l y   h a s   a  s h a p e   i l l u s t r a t e d   c l e a r l y  

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

r e q u i r e m e n t s   (a )   and  ( b ) .  

( a )   I t   p r o g r e s s i v e l y   d e c r e a s e s   in   t h i c k n e s s  

t o w a r d   i t s   p r o t r u d i n g   e n d .  

(b)   In   m e e t i n g   t h e   r e q u i r e m e n t   ( a ) ,   t h e   i n n e r  

c i r c u m f e r e n t i a l   s u r f a c e   14a   i s   s u b s t a n t i a l l y   p e r p e n d i c u -  

l a r   t o   t h e   t o p   p a n e l   6  of   t h e   s h e l l   4,  w h e r e a s   t h e  

p e r i p h e r a l   s u r f a c e   14b  i s   i n c l i n e d   r a d i a l l y   i n w a r d l y  

t o w a r d   t h e   p r o t r u d i n g   end  and  t h u s ,   as  w i l l   be  d e s c r i b e d  

h e r e i n b e l o w ,   b e n d s   r a d i a l l y   i n w a r d l y   when  c l o s e l y  

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

c o n t a i n e r .  

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

10  o f   t h e   a b o v e - d e s c r i b e d   f o r m   can  be  p r o p e r l y   s e t   on  t h e  

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

o p e n i n g   end  of   a  c o n t a i n e r   t o   be  s e a l e d .   R e f e r r i n g   t o  

F i g u r e   4  a l s o ,   s u i t a b l e   e x a m p l e s   of  t h e   d i m e n s i o n s   o f  



t h e   v a r i o u s   p a r t s   of  t h e   l i n e r   10  w i t h   r e g a r d   to   t h e  

o u t s i d e   d i a m e t e r   D1  and  t h e   i n s i d e   d i a m e t e r   D2  o f  

t h e   o p e n i n g   end  of  t h e   c o n t a i n e r   a r e   shown  in  T a b l e   1 .  

Now,  r e f e r r i n g   to   F i g u r e s   4  and   5,  t h e r e   w i l l  

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

s i o n   12  and  t h e   s e c o n d   a n n u l a r   p r o t r u s i o n   14  of  t h e  

l i n e r   10  w h i c h   a r e   e x h i b i t e d   when  t i g h t l y   m o u n t i n g   t h e  

c l o s u r e   2  on  t h e   o p e n i n g   p o r t i o n   18  ( o n l y   a  p a r t   t h e r e o f  

i s   shown  in  F i g u r s s   4  and  5)  of  a  c o n t a i n e r   to   b e  

s e a l e d .  

In  o r d e r   to   m o u n t   t h e   c o n t a i n e r   c l o s u r e   2  

t i g h t l y   on  t h e   o p e n i n g   p o r t i o n   18,   i t   i s   t h e   p r a c t i c e ,  

as   w e l l   known  to   t h o s e   s k i l l e d   in   t h e   a r t ,   to   p u t   t h e  

c l o s u r e   2  o v e r   t h e   o p e n i n g   18  of  t h e   c o n t a i n e r ,   e x e r t   a  

p r e s s i n g   f o r c e   on  t h e   o u t s i d e   s u r f a c e   of  t h e   t o p   p a n e l   6  



of  t h e   s h e l l   4  to   p u s h   t h e   c l o s u r e   2  a g a i n s t   t h e   o p e n i n g  

p o r t i o n   18,   and  in   s u c h   a  c o n d i t i o n ,   to   d e f o r m   t h e   s k i r t  

8  of   t h e   s h e l l   a l o n g   a  s c r e w   t h r e a d   20  f o r m e d   on  t h e  

p e r i p h e r a l   s u r f a c e   of  t h e   o p e n i n g   p o r t i o n   18  t h e r e b y   t o  

f o r m   a  s c r e w   t h r e a d   22  on  t h e   s k i r t   8  ( r o l l - o n   o p e r a t i o n )  

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

s h e l l   4  r a d i a l l y   i n w a r d l y .   T h i s   r e s u l t s   in   e n g a g e m e n t  

of   t h e   s c r e w   t h r e a d   20  of   t h e   o p e n i n g   p o r t i o n   18  w i t h  

t h e   s c r e w   t h r e a d   22  f o r m e d   i n   t h e   s k i r t   8  to   h o l d   t h e  

c l o s u r e   2  s u r e l y   o v e r   t h e   o p e n i n g   p o r t i o n   18  and   t h u s  

t o   s e a l   t h e   o p e n i n g   p o r t i o n   1 8 .  

When  t h e   c o n t a i n e r   c l o s u r e   2  i s   t i g h t l y  

m o u n t e d   on  t h e   o p e n i n g   p o r t i o n   18  of   t h e   c o n t a i n e r   i n  

t h i s   m a n n e r ,   t h e   f i r s t   a n n u l a r   p r o t r u s i o n   12  of   t h e  

l i n e r   10  i s   e l a s t i c a l l y   d e f o r m e d   in   t h e   s h a p e   shown  i n  

F i g u r e   5  and   i t s   i n s i d e   c i r c u m f e r e n t i a l   s u r f a c e   12a   i s  

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

p o r t i o n   18  o f   t h e   c o n t a i n e r ,   i . e .   t h e   p e r i p h e r a l   s u r f a c e  

24a  o f   t h e   o p e n i n g   end  24,   b e c a u s e   in   F i g u r e s   4  and   5 ,  

t h e   c l o s u r e   2  i s   p u s h e d   d o w n w a r d l y   and  t h e   s h o u l d e r  

p o r t i o n   of   t h e   s h e l l   4  i s   d e f o r m e d   r a d i a l l y   i n w a r d l y .  
On  t h e   o t h e r   h a n d ,   b e c a u s e   t h e   c l o s u r e   2  i s   p u s h e d   d o w n -  

w a r d l y   i n   F i g u r e s   4  and   5,  t h e   s e c o n d   a n n u l a r   p r o t r u s i o n  

14  o f   t h e   l i n e r   10  i s   c a u s e d   to   a b u t   a g a i n s t   a  t o p  

s u r f a c e   24b  of   t h e   o p e n i n g   end  24  w h e r e b y   i t   i s   b e n t  

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

b r o u g h t   i n t o   c l o s e   c o n t a c t   w i t h   t h e   t o p   s u r f a c e   24b  o f  

t h e   o p e n i n g   end  24.  A c c o r d i n g l y ,   t h e   o p e n i n g   p o r t i o n  

18  of   t h e   c o n t a i n e r   i s   e x a c t l y   s e a l e d   as  a  r e s u l t   o f  

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

12a   of   t h e   f i r s t   a n n u l a r   p r o t r u s i o n   12  w i t h   t h e   p e r i p h e -  
r a l   s u r f a c e   24a  of  t h e   o p e n i n g   end  24  and  t h e   c l o s e  

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

t o p   s u r f a c e   24b  of  t h e   o p e n i n g   end  2 4 .  

P r e f e r a b l y ,   t h e r e   s h o u l d   be  some  s p a c e   2 5  
b e t w e e n   t h e   l i n e r   10  and  t h e   o p e n i n g   end  24,   as  shown  i n  

F i g u r e   5,  a t   a  s i t e   b e t w e e n   an  a r e a   of   c l o s e   c o n t a c t   o f  
t h e   i n n e r   c i r c u m f e r e n t i a l   s u r f a c e   12a  of   t h e   f i r s t   a n n u l a r  



p r o t r u s i o n   12  w i t h   t h e   p e r i p h e r a l   s u r f a c e   24a  of  t h e  

o p e n i n g   end  24  and  an  a r e a   of  c l o s e   c o n t a c t   of   t h e   s e c o n d  

a n n u l a r   p r o t r u s i o n   14  w i t h   t h e   t o p   s u r f a c e   24b  of   t h e  

o p e n i n g   end  24.  When  i m p a c t   i s   e x e r t e d   on  t h e   s h o u l d e r  

p o r t i o n ,   f o r   e x a m p l e ,   of  t h e   s h e l l   4  of  t h e   c l o s u r e   2 ,  

t h e   l i n e r   10  i s   e l a s t i c a l l y   d e f o r m e d   i n t o   a  s h a p e   w h i c h  

c a u s e s   r e d u c t i o n   or   d i s a p p e a r a n c e   of  t h e   s p a c e   25 ,   a n d  

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

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

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

in  t h e   l i n e r   10  w h i c h   i s   due  to   t h e   i m p a c t .  

The  p r o t r u d i n g   h e i g h t   H2  of  t h e   s e c o n d   a n n u l a r  

p r o t r u s i o n   14  n e e d s   n o t   a l w a y s   to   be  l a r g e r   t h a n   t h e   p r o -  

t r u d i n g   h e i g h t   Hi  of   t h e   f i r s t   a n n u l a r   p r o t r u s i o n   12,   a n d  

may  be  e q u a l   t o ,   or   s m a l l e r   t h a n ,   t h e   p r o t r u d i n g   h e i g h t   H1 
of  t h e   f i r s t   a n n u l a r   p r o t r u s i o n   12.  But   when  t h e   p r o t r u d -  

i n g   h e i g h t   H2  of   t h e   s e c o n d   a n n u l a r   p r o t r u s i o n   14  i s   m a d e  

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

p r o t r u s i o n   as  in   12  as  in   t h e   i l l u s t r a t e d   e m b o d i m e n t ,   t h e  

f o l l o w i n g   a d v a n t a g e s   can  be  o b t a i n e d .   S p e c i f i c a l l y ,   w h e n  

t h e   p r o t r u d i n g   h e i g h t   H2  of  t h e   s e c o n d   a n n u l a r   p r o t r u s i o n   1 4  

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

a n n u l a r   p r o t r u s i o n   12,   t h e   p r e s s u r e   of  c l o s e   c o n t a c t   b e t w e e n  

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

t r u s i o n   12  and  t h e   p e r i p h e r a l   s u r f a c e   24a  of   t h e   o p e n i n g  

end  24  d e c r e a s e s   r e l a t i v e l y ,   b u t   t h e   p r e s s u r e   of   c l o s e   c o n -  

t a c t   b e t w e e n   t h e   s e c o n d   a n n u l a r   p r o t r u s i o n   14  and   t h e   t o p  

s u r f a c e   24b  of  t h e   o p e n i n g   end  24  i n c r e a s e s   r e l a t i v e l y .  

C o n s e q u e n t l y ,   as  w i l l   a l s o   be  s e e n   f rom  an  i m p a c t   t e s t   to   b e  

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

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

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

c l o s u r e   2  can   be  more   e x a c t l y   p r e v e n t e d .   When  t h e  

c o n t a i n e r   c o n t a i n s   a  c a r b o n a t e d   b e v e r a g e   f o r   e x a m p l e ,  
t h e   t o p   p a n e l   4  of   t h e   c l o s u r e   2  i s   d e f o r m e d   u p w a r d l y  
in   c o n v e x   f o r m   by  t h e   p r e s s u r e   g e n e r a t e d   w i t h i n   t h e  

c o n t a i n e r   as  shown  e x a g g e r a t e d l y   by  t h e   t w o - d o t   c h a i n  

l i n e   in   F i g u r e   5.  As  a  r e s u l t ,   t h e   p r e s s u r e   of   c l o s e  



c o n t a c t   b e t w e e n   t h e   s e c o n d   a n n u l a r   p r o t r u s i o n   14  and  t h e  

t o p   s u r f a c e   24b  of  t h e   o p e n i n g   end  24  i s   r e d u c e d ,   a n d  

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

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

2  in   w h i c h   t h e   p r o t r u d i n g   h e i g h t   H2  of   t h e   s e c o n d   a n n u l a r  

p r o t r u s i o n   14  i s   l a r g e r   t h a n   t h e   p r o t r u d i n g   h e i g h t   Hi  o f  

t h e   f i r s t   a n n u l a r   p r o t r u s i o n   12 ,   t h e   p r e s s u r e   of   c l o s e  

c o n t a c t   b e t w e e n   t h e   s e c o n d   a n n u l a r   p r o t r u s i o n   14  and  t h e  

t o p   s u r f a c e   24b  of  t h e   o p e n i n g   end  24  i s   i n c r e a s e d  

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

p r o p e r t i e s   of   t h e   c l o s u r e   to   be  d e s t r o y e d   can   be  m o r e  

e x a c t l y   a v o i d e d   even   when  t h e   t o p   p a n e l   4  of   t h e   c l o s u r e  

2  i s   d e f o r m e d .  

F i g u r e   6  shows   a  m o d i f i e d   e x a m p l e   of   t h e   l i n e r  

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

The  l i n e r   110  shown  in  F i g u r e   6  i n c l u d e s   a  

f i r s t   a n n u l a r   p r o t r u s i o n   112  s i m i l a r   t o   t h e   f i r s t   a n n u l a r  

p r o t r u s i o n   12  and   a  s e c o n d   a n n u l a r   p r o t r u s i o n   114  s i m i l a r  

to   t h e   a n n u l a r   p r o t r u s i o n   14,   and  a  t h i r d   a n n u l a r   p r o -  
t r u s i o n   126  l o c a t e d   i n w a r d l y   of   t h e   s e c o n d   a n n u l a r  

p r o t r u s i o n   114 .   As  c l e a r l y   shown  in   F i g u r e   7,  t h e  

t h i r d   a n n u l a r   p r o t r u s i o n   126  h a s   a  p e r i p h e r a l   s u r f a c e  

126a   w h i c h   i s   l o c a t e d   o p p o s i t e   to   an  i n n e r   c i r c u m f e r e n -  

t i a l   s u r f a c e   124c   of   an  o p e n i n g   end  124  of   a  c o n t a i n e r  

to   be  s e a l e d   or   to   an  i n n e r   c i r c u m f e r e n t i a l   edge   124d   o f  

t h e   t o p   s u r f a c e   t h e r e o f .  

As  can   be  r a a d i l y   a p p r e c i a t e d   f r o m   F i g u r e   7 ,  

in   t h e   c o n t a i n e r   c l o s u r e   102  h a v i n g   t h e   l i n e r   110  h a v i n g  

t h e   f o r m   i l l u s t r a t e d   in   F i g u r e   6,  when  t h e   c o n t a i n e r  

c l o s u r e   1 0 2  i s   p u t   o v e r   an  o p e n i n g   p o r t i o n   118  of  t h e  

c o n t a i n e r   and   p u s h e d   d o w n w a r d l y   in   F i g u r e   7,  t h e   i n n e r  

c i r c u m f e r e n t i a l   s u r f a c e   126a   of   t h e   t h i r d   a n n u l a r   p r o -  

t r u s i o n   126  a b u t s   a g a i n s t   t h e   p e r i p h e r a l   s u r f a c e   1 2 4 c   o f  

t h e   o p e n i n g   end  124  of  t h e   c o n t a i n e r   or   t h e   i n n e r  

c i r c u m f e r e n t i a l   edge   124d   of   t h e   t o p   s u r f a c e   t h e r e o f ,  

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

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

o p e n i n g   p o r t i o n   118  of  t h e   c o n t a i n e r .   A c c o r d i n g l y ,  



m o u n t i n g   i m p e r f e c t i o n s   s u c h   as  o b l i q u e   c a p p i n g ,   t o p  
c r a c k i n g   or   p o o r   d r a w i n g   can  be  r e m o v e d   a l m o s t   c o m -  
p l e t e l y .  

When  t h e   c o n t a i n e r   c l o s u r e   102  i s   f u l l y   p u s h e d  
a g a i n s t   t h e   o p e n i n g   p o r t i o n   118  of  t h e   c o n t a i n e r   a n d  
m o u n t e d   t i g h t l y   as  d e s i r e d ,   t h e   t h i r d   a n n u l a r   p r o t r u s i o n  
126  i s   d e f o r m e d   e l a s t i c a l l y   as  i l l u s t r a t e d   in   F i g u r e   8 ,  
and  moves   away  f rom  t h e   o p e n i n g   end  124  of   t h e   c o n t a i n e r .  
I t   i s   of   c o u r s e   p o s s i b l e   to   p r o v i d e   t h e   t h i r d   a n n u l a r  
p r o t r u s i o n   126  such   t h a t   when  t h e   c o n t a i n e r   c l o s u r e   1 0 2  
i s   m o u n t e d   t i g h t l y   on  t h e   o p e n i n g   p o r t i o n   118  of  t h e  
c o n t a i n e r   as  d e s i r e d ,   t h e   p e r i p h e r a l   s u r f a c e   126a   o f  
t h e   t h i r d   a n n u l a r   p r o t r u s i o n   126  i s   b r o u g h t   i n t o   c l o s e  
c o n t a c t   w i t h   t h e   i n n e r   c i r c u m f e r e n t i a l   s u r f a c e   1 2 4 c  
of  t h e   o p e n i n g   end  124  of  t h e   c o n t a i n e r   or  w i t h   t h e  
i n n e r   c i r c u m f e r e n t i a l   edge   124d  of   t h e   t o p   s u r f a c e  
t h e r e o f .   H o w e v e r ,   in   t h i s   s t r u c t u r e ,   a  p a r t   of  t h e  
p r e s s u r e   of   c o n t a c t   b e t w e e n   t h e   l i n e r   110  and  t h e  
o p e n i n g   end  124  of  t h e   c o n t a i n e r   t a k e s   p a r t   in   t h e   c l o s e  
c o n t a c t   of   t h e   p e r i p h e r a l   s u r f a c e   126a   of  t h e   t h i r d  
a n n u l a r   p r o t r u s i o n   126  w i t h   t h e   i n n e r   c i r c u m f e r e n t i a l  
s u r f a c e   124a   of   t h e   o p e n i n g   end  124  or  t h e   i n n e r   c i r c u m -  
f e r e n t i a l   edge   124d  of  t h e   t o p   s u r f a c e .   H e n c e ,   t h e  
p r e s s u r e   of  c l o s e   c o n t a c t   b e t w e e n   t h e   i n n e r   c i r c u m f e r e n -  
t i a l   s u r f a c e   112a   of  t h e   f i r s t   a n n u l a r   p r o t r u s i o n   1 1 2  
and  t h e   p e r i p h e r a l   s u r f a c e   124a   of   t h e   o p e n i n g   end  1 2 4  
and  t h e   p r e s s u r e   of  c l o s e   c o n t a c t   of   t h e   s e c o n d   a n n u l a r  
p r o t r u s i o n   114  to   t h e   t o p   s u r f a c e   124b  of  t h e   o p e n i n g  
end  124  a r e   d e c r e a s e d   c o r r e s p o n d i n g l y .   T h i s   may  t e n d  
to   r e d u c e   t h e   s e a l i n g   p r o p e r t i e s   of   t h e   c o n t a i n e r   c l o s u r e  
102  s l i g h t l y   when  i m p a c t   i s   e x e r t e d   on  i t .  

F i g u r e s   9  and  1 0 , s h o w   a  m o d i f i e d   e x a m p l e   of  a  
l i n e r   i m p r o v e d   in  a c c o r d a n c e   w i t h   t h i s  i n v e n t i o n   w h i c h  
r e s u l t s   f r o m   m o d i f y i n g   of  t h e   l i n e r   10  shown  in  F i g u r e s  
1  and  2  in   t h e   f o l l o w i n g   m a n n e r .  

As  a l r e a d y   s t a t e d   h e r e i n a b o v e   w i t h   r e f e r e n c e  
to   F i g u r e   3,   t h e   p e r i p h e r a l   s u r f a c e   12b  of  t h e   f i r s t  
a n n u l a r   p r o t r u s i o n   12  of  t h e   l i n e r   10  may  be  c o n t a c t e d  



w i t h   t h e   i n n e r   s u r f a c e   of  t h e   s k i r t   8  of   t h e   s h e l l   4 .  

But   in  o r d e r   to   m i n i m i z e   t h e   t o t a l   v o l u m e   of  t h e   l i n e r  

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

of  t h e   l i n e r ,   i t   i s   d e s i r a b l e   t h a t   as  shown  in   F i g u r e s  

1  and  2,  t h e   p e r i p h e r a l   s u r f a c e   12b  of  t h e   f i r s t   a n n u l a r  

p r o t r u s i o n   12  in   t h e   l i n e r   10  s h o u l d   be  s p a c e d   away  f r o m  

t h e   i n n e r   s u r f a c e   of   t h e   s k i r t   8  of  t h e   s h e l l   4  r a d i a l l y  

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

12b  and  t h e   i n n e r   s u r f a c e   of  t h e   s k i r t   8.  E x p e r i m e n t s  

of  t h e   p r e s e n t   i n v e n t o r s   have   shown  h o w e v e r   t h a t   t h i s  

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

S p e c i f i c a l l y ,   i t   h a s   b e e n   f o u n d   t h a t   when  t h e   l i n e r   1 0  

of   t h e   fo rm  shown  in   F i g u r e s   1  and  2  i s   m o l d e d   in   t h e  

i n s i d e   of  t h e   t o p   p a n e l   6  of  t h e   s h e l l   4,  t h e   l i n e r   1 0  

i s   b o n d e d   as  r e q u i r e d   to   t h e   i n s i d e   of   t h e   t o p   p a n e l   6  

of  t h e   s h e l l   4  d u r i n g   or   i m m e d i a t e l y   a f t e r   t h e   m o l d i n g ,  

b u t   t h a t   as  t h e   t i m e   e l a p s e s   f rom  t h e   m o l d i n g ,   t h e   o u t -  

s i d e   edge   p o r t i o n   of   t h e   l i n e r   10  t e n d s   to   p e e l   o f f  

g r a d u a l l y   f rom  t h e   i n s i d e   of  t h e   t o p   p a n e l   6  of  t h e   s h e l l  

4.  The  c a u s e   of   t h i s   p e e l i n g   i s   n o t   e n t i r e l y   c l e a r ,   b u t  

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

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

s t r e s s   a c t i n g   r a d i a l l y   i n w a r d l y   as  shown  by  t h e   a r r o w  

15  in   F i g u r e   2  e x i s t s   in   t h e   m o l d e d   l i n e r   10,   and   t h e  

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

a n n u l a r   p r o t r u s i o n   12  and  t h e   s e c o n d   a n n u l a r   p r o t r u s i o n  

14  c a u s e s   t h e   o u t s i d e   edge   p o r t i o n   of   t h e   l i n e r   10  t o  

p e e l   o f f   f r o m   t h e   t o p   p a n e l   6  of  t h e   s h e l l   4 .  

On  t h e   o t h e r   h a n d ,   when  t h e   c l o s u r e   c o n t a i n e r  

2  h a v i n g   t h e   l i n e r   10  of   t h e   f o rm  shown  in  F i g u r e s   1  a n d  

2  i s   m o u n t e d   on  t h e   o p e n i n g   p o r t i o n   18  ( F i g u r e s   4  and  5 )  

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

e x e r t e d   on  t h e   f i r s t   a n n u l a r   p r o t r u s i o n   12  and  t h u s   o n  

t h e   s e c o n d   a n n u l a r   p r o t r u s i o n   14  of  t h e   l i n e r   10  o w i n g  

to   v a r i o u s   f a c t o r s   as  w e l l   known  to  t h o s e   s k i l l e d   in   t h e  

a r t ,   and  i t   i s   n o t   i n f r e q u e n t   t h a t   c r a c k s   o c c u r   in   t h e  

f i r s t   and  s e c o n d   a n n u l a r   p r o t r u s i o n s   12  and  14  of   t h e  

l i n e r   10  b e c a u s e   of   t h e   p r e s e n c e   of   t h i s   s t r e s s .   I f   t h e  



l i n e r   10  i s   b o n d e d   as  r e q u i r e d   to   t h e   t o p   p a n e l   6  of  t h e  

s h e l l   4,  no  p r o b l e m   a r i s e s   even   when  t h e   c r a c k s   o c c u r .  

But   when  t h e   l i n e r   10  p e e l s   o f f   f rom  t h e   t o p   p a n e l   6 ,  

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

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

w h e r e   p e e l i n g   of  t h e   l i n e r   o c c u r s ,   and  t h i s   i s   l i k e l y   t o  

d e s t r o y   t h e   s e a l i n g   of  t h e   o p e n i n g   p o r t i o n   18  of  t h e  

c o n t a i n e r .  

The  m o d i f i e d   e x a m p l e   shown  in  F i g u r e s   9  a n d  

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

r e s i d i n g   w i t h   t h e   l i n e r   10  of  t h e   form  i l l u s t r a t e d   i n  

F i g u r e s   1  and  2.  In  t h e   m o d i f i e d   e m b o d i m e n t   shown  i n  

F i g u r e s   9  and  10,   t o o ,   t h e   l i n e r   210  has   c o n c e n t r i c a l l y  

a r r a n g e d   f i r s t   and  s e c o n d   a n n u l a r   p r o t r u s i o n s   212  a n d  

214  as  in   t h e   l i n e r   shown  in  F i g u r e s   1  and  2.  T h e  

p e r i p h e r a l   s u r f a c e   212b  of   t h e   f i r s t   a n n u l a r   p r o t r u s i o n  

212  i s   s p a c e d   r a d i a l l y   i n w a r d l y   f rom  t h e   i n n e r   s u r f a c e  

of   t h e   r i s i n g   p a r t   of  s k i r t   208  of  s h e l l   202  l e a v i n g   a  

s p a c e   b e t w e e n   t h e m .   When  t h e   d i s t a n c e   b e t w e e n   t h e  

p e r i p h e r a l   s u r f a c e   212b  of   t h e   f i r s t   a n n u l a r   p r o t r u s i o n  

212  of  t h e   l i n e r   210  and  t h e   i n n e r   s u r f a c e   of  t h e   r i s i n g  

p a r t   of  t h e   s k i r t   208  i s   i n c r e a s e d ,   t h e   a m o u n t   of  p l a s t i c  

m a t e r i a l   r e q u i r e d   f o r   m o l d i n g   t h e   l i n e r   210  can  b e  

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

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

a n n u l a r   p r o t r u s i o n   212  n e c e s s a r i l y   b e c o m e s   e x c e s s i v e l y  

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

212  d e c r e a s e s   e x c e s s i v e l y .   C o n s e q u e n t l y ,   when  t h e  

c o n t a i n e r   c l o s u r e   202  i s   m o u n t e d   on  t h e   o p e n i n g   p o r t i o n  

of   t h e   c o n t a i n e r ,   a  l o a d   w h i c h   i s   e x e r t e d   on  i t   a t   t h e  

t i m e   of   m o u n t i n g   t h e   c l o s u r e   202  on  t h e   o p e n i n g   p o r t i o n  

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

212.   In  v i e w   of  t h i s ,   t h e   d i s t a n c e   x l   in  t h e   r a d i a l  

d i r e c t i o n   b e t w e e n   t h e   p e r i p h e r a l   s u r f a c e   212b  of   t h e  

f i r s t   a n n u l a r   p r o t r u s i o n   212  and  t h e   i n n e r   s u r f a c e   o f  

t h e   r i s i n g   p a r t   of  t h e   s k i r t   208  i s   g e n e r a l l y   a b o u t  

0 . 5 0   mm  to  a b o u t   5 . 0 0   mm,  p r e f e r a b l y   a b o u t   0 . 7 0   mm  t o  

a b o u t   3 . 5 0   mm. 



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

l i n e r   210  i l l u s t r a t e d   in   F i g u r e s   9  and  10.   S p e c i f i c a l l y ,  

a  t h i n   b u l g i n g   b o t t o m   p o r t i o n   217  w h i c h   e x t e n d s   r a d i a l l y  

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

212b  of   t h e   f i r s t   a n n u l a r   p r o t r u s i o n   212  i s   p r o v i d e d   i n  

t h e   l i n e r   210 .   The  t h i n   b u l g i n g   b o t t o m   p o r t i o n   217  i n  

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

o v e r   t h e   e n t i r e   p e r i p h e r y   f r o m   t h e   b a s e   p o r t i o n   of  t h e  

p e r i p h e r a l   s u r f a c e   212b  of   t h e   f i r s t   a n n u l a r   p r o t r u s i o n  

2 1 2 ,   and   t h e r e f o r e ,   t h e   g e n e r a l   s h a p e   of  t h e   t h i n  

b u l g i n g   b o t t o m   p o r t i o n   217  i s   e x t e n d i n g   c o n t i n u o u s l y   i n  

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

When  t h e   t h i n   b u l g i n g   b o t t o m   p o r t i o n   217  i s  

p r o v i d e d   in   t h e   l i n e r   210 ,   t h e   s t r e n g t h   of   b o n d i n g   o f  

t h e   t h i n   b u l g i n g   b o t t o m   p o r t i o n   217  to   t h e   i n s i d e   of   t h e  

t o p   p a n e l   206  of  t h e   s h e l l   204  f u l l y   p r e v e n t s   t h e  

p e e l i n g   p h e n o m e n o n   of   t h e   o u t s i d e   edge   p o r t i o n   of   t h e  

l i n e r   210  w h i c h   i s   p r e s u m e d   to   be  due  to   t h e   r e s i d u a l  

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

a n n u l a r   p r o t r u s i o n s   212  and   214  of  t h e   l i n e r   210  a s  

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

In  o r d e r   to  p r e v e n t   t h e   p e e l i n g   p h e n o m e n o n   o f  

t h e   o u t s i d e   edge   p o r t i o n   of  t h e   l i n e r   210  m e n t i o n e d  

a b o v e ,   i t   may  be  p o s s i b l e   to   p r o v i d e   a  c o n s i d e r a b l y  

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

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

f a c e   212b  of  t h e   f i r s t   a n n u l a r   p r o t r u s i o n   212  to   t h e  

i n s i d e   s u r f a c e   of   t h e   s k i r t   208  of  t h e   s h e l l   204  or  i t s  

v i c i n i t y .   H o w e v e r ,   t h i s   n a t u r a l l y   l e a d s   to   an  i n c r e a s e  

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

i n g   t h e   l i n e r   210 ,   and  t h e   c o s t   of   p r o d u c i n g   t h e   c o n t a i n e r  

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

e s p e c i a l l y   n o t e w o r t h y   t h a t   when  t h e   t h i c k n e s s   of  t h e  

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

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

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

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



o u t s i d e   edge  of  t h e   l i n e r   210  c a n n o t   be  f u l l y   p r e v e n t e d .  

F u r t h e r m o r e ,   in  t h e   c o n t a i n e r   c l o s u r e   202  of  t h e   f o r m  

i l l u s t r a t e d   in  F i g u r e s   9  and  10,   t h e   s h o u l d e r   p o r t i o n  

( i . e . ,   t h e   b o u n d a r y   b e t w e e n   t h e   t o p   p a n e l   206  and  t h e  

s k i r t   208)   of  t h e   s h e l l   204  i s   d e f o r m e d   r a d i a l l y   i n w a r d -  

ly   when  t h e   c l o s u r e   202  i s   m o u n t e d   on  t h e   o p e n i n g   p o r t i o n  

of  a  c o n t a i n e r   as  m e n t i o n e d   h e r e i n a b o v e .   When  t h e   p r o -  

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

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

t i o n .  

For   t h i s   r e a s o n ,   i t   i s   i m p o r t a n t   t h a t   t h e  

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

b a s e   p o r t i o n   of  t h e   p e r i p h e r a l   s u r f a c e   212b  of  t h e  

f i r s t   a n n u l a r   p r o t r u s i o n   212  of  t h e   l i n e r   210  s h o u l d   b e  

t h e   t h i n   b u l g i n g   b o t t o m   p o r t i o n   217.   P r e f e r a b l y ,   t h e  

t h i n   b u l g i n g   b o t t o m   p o r t i o n   217  g r a d u a l l y   d e c r e a s e s   i n  

t h i c k n e s s   r a d i a l l y   o u t w a r d l y ,   and  t h e   t h i c k n e s s   t m a x  
of  t h e   r a d i a l   i n w a r d   end  ( h a v i n g   a  maximum  t h i c k n e s s )  

of  t h e   t h i n   b u l g i n g   b o t t o m   p o r t i o n   217  f o l l o w i n g   t h e  

b a s e   p o r t i o n   of  t h e   p e r i p h e r a l   s u r f a c e   212b  of  t h e  

f i r s t   a n n u l a r   p r o t r u s i o n   212  i s   0 . 1 0   to   1 . 0 0   mm, 

p r e f e r a b l y   0 . 1 5   to   0 . 4 0   mm.  In  t h e   e m b o d i m e n t   shown  i n  

F i g u r e s   9  and  10,   t h e   s u r f a c e   ( t h e   u n d e r   s u r f a c e   i n  

F i g u r e s   9  and  10)  of   t h e   t h i n   b u l g i n g   b o t t o m   p o r t i o n  

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

c u r v a t u r e   c o n f o r m i n g   t o   t h e   i n s i d e   of  t h e   t o p   p a n e l   2 0 6  

of  t h e   s h e l l   204  a t   t h e   p r o t r u d i n g   end  of  t h e   t h i n   b u l -  

g i n g   b o t t o m   p o r t i o n   217 ,   and  t h e   t h i c k n e s s   of  t h e   t h i n  

b u l g i n g   b o t t o m   p o r t i o n   217  g r a d u a l l y   d e c r e a s e s   f rom  t h e  

maximum  t h i c k n e s s   t m a x   a t   t h e   r a d i a l   i n w a r d   end  t h e r e o f  

as  i t   e x t e n d s   r a d i a l l y   o u t w a r d l y .  
In  o r d e r   to   a c h i e v e   t h e   d e s i r e d   e f f e c t   o f  

i n h i b i t i n g   t h e   i n c r e a s e s   of  t h e   a m o u n t   of  t h e   p l a s t i c  
m a t e r i a l   r e q u i r e d   f o r   m o l d i n g   t h e   l i n e r   210  and  to   f u l l y  

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

b u l g i n g   l e n g t h   of   t h e   t h i n   b u l g i n g   b o t t o m   p o r t i o n   2 1 7 ,  

i . e . ,   t h e   r a d i a l   b u l g i n g   l e n g t h   x2  of  t h e   b o t t o m   p o r t i o n  
217  f rom  t h e   b a s e   p o r t i o n   of  t h e   p e r i p h e r a l   s u r f a c e  



212b  of  t h e   f i r s t   a n n u l a r   p r o t r u s i o n   212  i s   p r e f e r a b l y  

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

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

of  t h e   f i r s t   a n n u l a r   p r o t r u s i o n   212  and  t h e   i n s i d e   s u r -  

f a c e   of  t h e   r i s i n g   p a r t   of   t h e   s k i r t   208  ( x l   i s   p r e f e r a b -  

l y   0 . 5 0   to   5 . 0 0   mm,  e s p e c i a l l y   0 . 7 0   to   3 . 5 0   mm,  a s  

s t a t e d   h e r e i n a b o v e ) ,   and   i s   a b o u t   0 . 1 0   to   3 . 0 0   mm, 

e s p e c i a l l y   a b o u t   0 . 2 0   t o   a b o u t   1 . 0 0   mm. 

F i g u r e   11  shows   a  m o d i f i e d   e x a m p l e   of  t h e  

t h i n   b u l g i n g   b o t t o m   p o r t i o n   217 .   In  t h e   m o d i f i e d  

e x a m p l e   shown  in  F i g u r e   11 ,   t h e   s u r f a c e   of   t h e   t h i n  

b u l g i n g   b o t t o m   p o r t i o n   217  of  t h e   l i n e r   210  ( i . e . ,   t h e  

u n d e r   s u r f a c e   in   F i g u r e   11)   i s   d e f i n e d   n o t   by  a  c u r v e d  

s u r f a c e   b u t   by  a  f l a t   s u r f a c e   e x t e n d i n g   i n c l i n e d l y   a n d  

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

r a l   s u r f a c e   212b  of   t h e   f i r s t   a n n u l a r   p r o t r u s i o n   2 1 2  

t o w a r d   t h e   i n s i d e   of   t h e   t o p   p a n e l   206  of   t h e   s h e l l  

204  and  c o n f o r m i n g   to   t h e   i n s i d e   of   t h e   t o p   p a n e l   2 0 6  

of   t h e   s h e l l   204  a t   t h e   b u l g i n g   end  of   t h e   t h i n   b u l g i n g  

b o t t o m   p o r t i o n   217 ,   and   t h e   t h i c k n e s s   of   t h e   t h i n   b u l g -  

i n g   b o t t o m   p o r t i o n   217  i s   g r a d u a l l y   d e c r e a s e d   f rom  t h e  

maximum  t h i c k n e s s   t m x   a t   t h e   r a d i a l   i n s i d e   end  of  t h e  

b o t t o m   p o r t i o n   217  as  i t   e x t e n d s   r a d i a l l y   o u t w a r d l y .  

F i g u r e   12  s h o w s   s t i l l   a n o t h e r   m o d i f i e d   e x a m p l e  

of   t h e   t h i n   b u l g i n g   b o t t o m   p o r t i o n   217 .   In  t h e   m o d i -  

f i e d   e x a m p l e   shown  i n   F i g u r e   12 ,   t h e   t h i n   b u l g i n g   b o t t o m  

p o r t i o n   217  of  t h e   l i n e r   210  i s   c o m p o s e d   of   a  p l u r a l i t y  

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

p o r t i o n   of  t h e   o u t e r   c i r c u m f e r e n t i a l   s u r f a c e   212b  o f  

t h e   f i r s t   a n n u l a r   p r o t r u s i o n   210  a t   a  p l u r a l i t y   o f  

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

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

t h e   t h i n   b u l g i n g   b o t t o m   p o r t i o n   217  i s   g r a d u a l l y  

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

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

d i r e c t i o n .   The  w i d t h   in   t h e   c i r c u m f e r e n t i a l   d i r e c t i o n  

of   e a c h   of  t h e   s e c t i o n s   c o n s t i t u t i n g   t h e   t h i n   b u l g i n g  

b o t t o m   p o r t i o n   217  can   a l s o   be  p r o g r e s s i v e l y   d e c r e a s e d  



r a d i a l l y   o u t w a r d l y ,   as  shown  in  F i g u r e   1 2 .  

E x p e r i m e n t a l   E x a m p l e   A 

One  s u r f a c e   of  an  a l u m i n u m - b a s e   a l l o y   p l a t e  

h a v i n g   a  t h i c k n e s s   of  0 . 2 5   mm  was  p r i n t e d   and  c o a t e d  

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

f a c e   was  c o a t e d   w i t h   an  epoxy   p a i n t   c o n t a i n i n g   o x i d i z e d  

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

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

i n w a r d l y .   T h u s ,   a  m e t a l l i c   s h e l l   of  t h e   f o rm  i l l u s t r a t e d  

in  F i g u r e   1  was  o b t a i n e d .   The  s h e l l   was  h e a t e d   t o .  

a b o u t   1 8 0 ° C ,   and  h i g h - p r e s s u r e   p o l y e t h y l e n e   ( d e n s i t y  

0 . 9 2   g / c m 3 ,   m e l t   i n d e x   4 . 0   g / 1 0   m i n . )   m e l t e d   a t   2 2 0 ° C  

was  p u t   i n t o   t h e   s h e l l   and  m o l d e d   to   f o rm  a  l i n e r   h a v i n g  

t h e   p r o f i l e   shown  in  F i g u r e s   1  and  2.  T h u s ,   a  c o n t a i n e r  

c l o s u r e   ( E x a m p l e   1)  of  t h e   p r e s e n t   i n v e n t i o n   w a s  

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

l i n e r   we re   as  f o l l o w s :  

O u t s i d e   d i a m e t e r   d1  of  t h e   f i r s t  

a n n u l a r   p r o t r u s i o n   . . . . . . . . . . . . . .   2 6 . 0   mm 

I n s i d e   d i a m e t e r   d2  of  t h e   f i r s t  

a n n u l a r   p r o t r u s i o n   . . . . . . . . . . . . . .   2 5 . 0   mm 

O u t s i d e   d i a m e t e r   d3  of  t h e   s e c o n d  

a n n u l a r   p r o t r u s i o n   . . . . . . . . . . . . . .   2 2 . 4   mm 

I n s i d e   d i a m e t e r   d4  of  t h e   s e c o n d  

a n n u l a r   p r o t r u s i o n   . . . . . . . . . . . . . .   2 1 . 5   mm 

P r o t r u d i n g   h e i g h t   Hi  of  t h e   f i r s t  

a n n u l a r   p r o t r u s i o n   . . . . . . . . . . . . . .   1 . 1   mm 

P r o t r u d i n g   h e i g h t   H2  of  t h e   s e c o n d  

a n n u l a r   p r o t r u s i o n   . . . . . . . . . . . . . .   0 . 8   mm 

T h i c k n e s s   H   of  t h e   b a s e   p o r t i o n  

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

a n n u l a r   p r o t r u s i o n s   . . . . . . . . . . . . .   0 . 5 5   mm 

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

t i o n   as  a b o v e   e x c e p t   t h a t   t h e   p r o t r u d i n g   h e i g h t   H2  o f  

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

p r o t r u d i n g   h e i g h t   H1  of  t h e   f i r s t   a n n u l a r   p r o t r u s i o n  

( i . e . ,   H l = 0 . 8   mm,  H 2 = 1 . 1   mm)  was  p r o d u c e d   in   t h e   same  w a y  

as  a b o v e   ( E x a m p l e   2 ) .  



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

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

same  way  as  a b o v e   e x c e p t   t h a t   t h e   fo rm  of   t h e   l i n e r   w a s  

as  i l l u s t r a t e d   in   F i g u r e   4  of  J a p a n e s e   L a i d - O p e n   P a t e n t  

P u b l i c a t i o n   No.  6 5 1 8 4 / 7 8   c i t e d   h e r e i n a b o v e   ( C o m p a r a t i v e  

E x a m p l e ) .  

E a c h   of  t h e   c o n t a i n e r   c l o s u r e s   of  E x a m p l e s   1  

and  2  and   C o m p a r a t i v e   E x a m p l e   was  m o u n t e d   on  an  o p e n i n g  

p o r t i o n   of   a  c o n t a i n e r   in   w h i c h   t h e   o p e n i n g   end   h a d   a n  

o u t s i d e   d i a m e t e r   D1  of   2 4 . 1   mm  and  an  i n s i d e   d i a m e t e r   D2  

of  1 9 . 3   mm,  and  t h e   s e a l e d   c o n t a i n e r s   w e r e   s u b j e c t e d   t o  

an  i m p a c t   t e s t   as  shown  b e l o w .  

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

w e r e   f i l l e d   in   an  a m o u n t   of   120  ml  i n t o   a  120  ml  c o n -  

t a i n e r   so  t h a t   t h e   g a s   v o l u m e   a f t e r   s e a l i n g   was  4  

v o l u m e s   (1  v o l u m e   of   g a s   d e n o t e s   a  c o n d i t i o n   in   w h i c h  

1  cc  of  c a r b o n   d i o x i d e   gas   i s   d i s s o l v e d   i n   1  cc  of  w a t e r  

a t   1 5 . 5 ° C   u n d e r   a  p r e s s u r e   of   1  a t m o s p h e r e ) ,   and  t h e n  

e a c h   of   t h e   c o n t a i n e r   c l o s u r e s   to   be  t e s t e d   was  m o u n t e d  

on  t h e   c o n t a i n e r   to   s e a l   i t .   The  s e a l e d   c o n t a i n e r s   w e r e  

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

t e m p e r a t u r e   c h a m b e r   k e p t   a t   40°C .   T h e n ,   as  shown  i n  

F i g u r e   13 ,   t h e   s e a l e d   c o n t a i n e r   was  p o s i t i o n e d   w i t h i n   a  

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

d o w n w a r d   so  t h a t   t h e   f a l l i n g   d i s t a n c e   w o u l d   be  300  a n d  

400  mm  r e s p e c t i v e l y .   The  c o n t a i n e r   was  t h e n   a l l o w e d   t o  

f a l l   s p o n t a n e o u s l y   o n t o   a  mass   of   s t e e l   h a v i n g   a  t o p  

s u r f a c e   w i t h   an  i n c l i n a t i o n   a n g l e   8  of   10°   w h i c h   w a s  

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

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

r i g h t   a t   room  t e m p e r a t u r e   f o r   one  week .   T h e n ,   t h e  

p r e s s u r e   i n s i d e   t h e   c o n t a i n e r   was  m e a s u r e d .   When  t h e  

p r e s s u r e   was  d e c r e a s e d   to   3 . 7   v o l u m e s   or  l e s s   t h a n   t h a t  

f r o m   t h e   o r i g i n a l   p r e s s u r e   of  4  v o l u m e s ,   i t   was  a s s u m e d  

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

The  a b o v e   i m p a c t   t e s t   was  p e r f o r m e d   on  f i f t y  

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

E x a m p l e s   1  and  2  and  C o m p a r a t i v e   E x a m p l e .   The  n u m b e r   o f  



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

t h e   r e s u l t s   a r e   shown  in  T a b l e   2 .  

E x p e r i m e n t a l   E x a m p l e   B 

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

way  as  in   E x a m p l e   1  of  E x p e r i m e n t a l   E x a m p l e   A  e x c e p t  

t h a t   t h e   l i n e r   had   a  t h i n   b u l g i n g   b o t t o m   p o r t i o n   of  t h e  

f o r m   shown  in  F i g u r e   9  ( E x a m p l e   3 ) .  

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

to   t h e   t h i n   b u l g i n g   b o t t o m   p o r t i o n   w e r e   as  f o l l o w s :  

D i s t a n c e   x l   in   t h e   r a d i a l   d i r e c t i o n  

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

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

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

of  t h e   r i s i n g   p a r t   of  t h e   s k i r t   . . . . . . . . . .   0 . 9 0   mm 

B u l g i n g   l e n g t h   x2  in  t h e   r a d i a l   d i r e c -  

t i o n   of  t h e   t h i n   b u l g i n g   b o t t o m  

p o r t i o n   . . . . . . . . . .   0 . 2 5   mm 

Maximum  t h i c k n e s s   tmax   of  t h e   t h i n  

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

end  in   t h e   r a d i a l   d i r e c t i o n   . . . . . . . . . .   0 . 2 5   mm 

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

i n v e n t i o n   ( E x a m p l e   4)  was  p r o d u c e d   in  t h e   same  way  as  i n  

E x a m p l e   1  of  E x p e r i m e n t a l   E x a m p l e   A  e x c e p t   t h a t   t h e   l i n e r  

had   a  t h i n   b u l g i n g   b o t t o m   p o r t i o n   of  t h e   f o rm  shown  i n  

F i g u r e   12.  The  t h i n   b u l g i n g   b o t t o m   p o r t i o n   was  c o m p o s e d  

of  16  s e c t i o n s   d i s p o s e d   a t   e q u a l   i n t e r v a l s   in  t h e  

c i r c u m f e r e n t i a l   d i r e c t i o n .   The  w i d t h   in   t h e   c i r c u m -  

f e r e n t i a l   d i r e c t i o n   of  e a c h   of  t h e   16  s e c t i o n s   of  t h e  

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

was  0 . 2 3   mm. 



In   o r d e r   to   d e t e r m i n e   t h e   d e g r e e   of   p e e l i n g  

of  t h e   l i n e r   w i t h   t i m e   in   t h e   c l o s u r e s   of  E x a m p l e s   1 ,  

3  and  4,  t h e s e   c l o s u r e s   w e r e   e a c h   s u b j e c t e d   to   t h e  

f o l l o w i n g   t e s t .  

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

c l o s u r e s   of   E x a m p l e s   1,  3  and  4,  and  t h e   d e g r e e   o f  

p e e l i n g   of   t h e   l i n e r   was  e x a m i n e d   d u r i n g   a  p e r i o d   of   1  

week  and  1  m o n t h   r e s p e c t i v e l y   a f t e r   p r o d u c t i o n   of   t h e  

s a m p l e s   in   t h e   w i n t e r t i m e .   A  m i x t u r e   of  e t h a n o l   and  a  

dyed   p a i n t   was  p o u r e d   i n t o   t h e   s p a c e   b e t w e e n   t h e   i n s i d e  

s u r f a c e   of  t h e   s k i r t   of   t h e   s h e l l   and  t h e   o u t e r   c i r c u m -  

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

a  s y r i n g e .   A f t e r   t h e   e t h a n o l   m i x t u r e   was  d r i e d ,   t h e  

d e g r e e   of  p e e l i n g   of  t h e   l i n e r   was  d e t e r m i n e d   by  t h e  

d i m e n s i o n   of   an  a r e a   of   a d h e s i o n   of  t h e   dyed   p a i n t   t o  

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

t o p   p a n e l   of   t h e   s h e l l   ( n o r m a l l y ,   t h i s   s u r f a c e   of  t h e  

l i n e r   a d h e r e s   to   t h e   i n s i d e   of   t h e   t o p   p a n e l   and  d o e s  

n o t   p e r m i t   a d h e s i o n   of   t h e   dyed   p a i n t ) .   The  d e g r e e   o f  

p e e l i n g   was  e v a l u a t e d   by  S  w h i c h   shows  t h a t   t h e   d y e d  

p a i n t   a d h e r e d   to   a  r e g i o n   shown  by  S  in   F i g u r e   1 4  

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

o u t s i d e   a n n u l a r   p r o t r u s i o n ,   and  M  w h i c h   shows   t h a t   t h e  

d y e d   p a i n t   a d h e r e d   to   a  r e g i o n   shown  by  M  in   F i g u r e   1 4 .  

The  r e s u l t s   a r e   shown  in   T a b l e   3 .  

The  n u m e r a l s   shown  in   T a b l e   3  show  t h e   n u m b e r  

of  c o n t a i n e r   c l o s u r e s   o u t   of  100  s a m p l e s   in   e a c h   o f  

E x a m p l e s   1,  3  and  4  w h i c h   d e v e l o p e d   p e e l i n g   of  t h e  

l i n e r .   For   e x a m p l e ,   in   E x a m p l e   1,  18  s a m p l e s   d e v e l o p e d  



l i n e r   p e e l i n g   to   a  d e g r e e   of  S  a n d   62  s a m p l e s   d e v e l o p e d  

l i n e r   p e e l i n g   to   a  d e g r e e   of  M  a f t e r   one  w e e k ,   a n d  

t h e r e f o r e ,   20  s a m p l e s   d i d   n o t   d e v e l o p   l i n e r   p e e l i n g .  

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

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

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

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

t h a t   t h e   p r e s e n t   i n v e n t i o n   i s   in  no  way  l i m i t e d   to   t h e s e  

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

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

s c o p e   of  t h e   i n v e n t i o n .  

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

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

to  be  m o u n t e d   t i g h t l y   on  an  o p e n i n g   p o r t i o n   of  a  c o n t a i n e r  

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

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

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

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

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

t h e   c o n t a i n e r .   H o w e v e r ,   t h e   p r e s e n t   i n v e n t i o n   i s   n o t  

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

and  can  be  a p p l i e d   to   v a r i o u s   t y p e s   of  c o n t a i n e r   c l o s u r e s ,  

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

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

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

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

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



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

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

d r i c a l   s k i r t   e x t e n d i n g   d o w n w a r d l y   f rom  t h e   p e r i p h e r a l  

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

p o s e d   in   t h e   i n s i d e   of   t h e   t o p   p a n e l   of   t h e   s h e l l ,   s a i d  

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

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

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

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

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

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

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

of  t h e   o p e n i n g   end   of   t h e   c o n t a i n e r ,   and  i s   a d a p t e d   t o  

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

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

2.  The  c l o s u r e   of   c l a i m   1  w h e r e i n   t h e   p r o t r u d i n g  

h e i g h t   H2  of   t h e   s e c o n d   a n n u l a r   p r o t r u s i o n   i s  l a r g e r  

t h a n   t h e   p r o t r u d i n g   h e i g h t   H1  of  t h e   f i r s t   a n n u l a r  

p r o t r u s i o n .  

3.  The  c l o s u r e   of   c l a i m   2  w h e r e i n   t h e   p r o t r u d i n g  

h e i g h t   H1  of   t h e   f i r s t   a n n u l a r   p r o t r u s i o n   i s   0 . 4   to   1 . 0  

mm,and   t h e   p r o t r u d i n g   h e i g h t   H2  of   t h e   s e c o n d   a n n u l a r  

p r o t r u s i o n   i s   0 . 5   to   1 . 6   mm. 

4.  The  c l o s u r e   of  c l a i m   3  w h e r e i n   t h e   p r o t r u d i n g  

h e i g h t   H1  of   t h e   f i r s t   a n n u l a r   p r o t r u s i o n   i s   0 . 6   mm  t o  

0 . 8   mm,  and  t h e   p r o t r u d i n g   h e i g h t   H2  of   t h e   s e c o n d   a n n u l a r  

p r o t r u s i o n   i s   0 . 8 5   mm  to   1 . 2   mm. 

5.  The  c l o s u r e   of   a n y  o n e   of   c l a i m s   1  t o   4  w h e r e i n  

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

in   t h i c k n e s s   as  i t   e x t e n d s   t o w a r d   i t s   p r o t r u d i n g   e n d .  

6.  The  c l o s u r e   of   c l a i m   5  w h e r e i n   t h e   o u t e r  

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

i s   i n c l i n e d   r a d i a l l y   i n w a r d l y   as  i t   e x t e n d s   t o w a r d   i t s  

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

w i t h   t h e   t o p   s u r f a c e   of   t h e   o p e n i n g   end   of   t h e  

c o n t a i n e r ,   i t   i s   b e n t   r a d i a l l y   i n w a r d l y .  

7.  The  c l o s u r e   of   a n y  o n e   of   c l a i m s   1  to   6  w h e r e i n  



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

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

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

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

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

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

8.  The  c l o s u r e   of  a n y  o n e   of  c l a i m s   1  t o  7   w h e r e i n  

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

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

s k i r t   of  t h e   s h e l l   r a d i a l l y   i n w a r d l y ,   and  h a s   p r o v i d e d  

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

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

of  t h e   f i r s t   a n n u l a r   p r o t r u s i o n .  

9.  The  c l o s u r e   of  c l a i m   8  w h e r e i n   t h e   d i s t a n c e   x  
in  t h e   r a d i a l   d i r e c t i o n   b e t w e e n   t h e   b a s e   p o r t i o n   of  t h e  

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

t h e   i n n e r   s u r f a c e   of  t h e   r i s i n g   p a r t   of  t h e   s k i r t   i s  

f rom  0 . 5 0   mm  to  5 . 0 0   mm,  and  t h e   p r o t r u d i n g   l e n g t h   x 2  
of   t h e   t h i n   b u l g i n g   b o t t o m   p o r t i o n   in   t h e   r a d i a l   d i r e c -  

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

t h e   f i r s t   a n n u l a r   p r o t r u s i o n   i s   f rom  0 . 1 0   mm  to   3 . 0   mm. 

10.  The  c l o s u r e   of  c l a i m   9  w h e r e i n   t h e   d i s t a n c e  

x l   i s   f rom  0 . 7 0   mm  to  3 . 5 0   mm,  and  t h e   p r o t r u d i n g   l e n g t h  

x2  i s   f rom  0 . 2 0   mm  to   1 . 0 0   mm. 

11.   The  c l o s u r e   of  a n y  o n e   of  c l a i m s   8  to   10  w h e r e i n  

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

in  t h i c k n e s s   a t   i t   e x t e n d s   r a d i a l l y   o u t w a r d l y ,   and  t h e  

t h i c k n e s s   tmax   of   t h e   r a d i a l l y   i n s i d e   end  of  t h e   b o t t o m  

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

s u r f a c e   of  t h e   f i r s t   a n n u l a r   p r o t r u s i o n   i s   f rom  0 . 1 0   mm 

to  1 . 0 0   mm. 

12.   The  c l o s u r e   of  c l a i m   11  w h e r e i n   t h e   t h i c k n e s s  

tmax  i s   f rom  0 . 1 5   mm  to  0 . 4 0   mm. 

13.   The  c l o s u r e   of  a n y  o n e   of  c l a i m s   8  to   1 2  

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

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

14.   The  c l o s u r e   of  a n y  o n e   of  c l a i m s   8  to   1 2  

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



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

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

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

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

15.   The  c l o s u r e   of  a n y  o n e   of  c l a i m s   1  to   1 4  

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

t i g h t l y   m o u n t e d   on  an  o p e n i n g   p o r t i o n   of   a  c o n t a i n e r  

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

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

o v e r   t h e   o p e n i n g   p o r t i o n   and   d e f o r m i n g   t h e   s k i r t   o f  

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

16.  The  c l o s u r e   of  c l a i m   15  w h e r e i n   when  t h e  

c l o s u r e   i s   to   be  m o u n t e d   on  t h e   o p e n i n g   p o r t i o n   of   t h e  

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

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

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

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

c o n t a i n e r .  
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