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A  nestable  cup  11  or  other  container  comprises  a  bottom 
3  and  a  side  wall  2,  and  includes  stacking  means  comprising  an 
external,  downwardly-facing  shoulder  3  and  an  internal, 
upwardly-facing  shoulder  5.  The  internal  upwardly-facing 
shoulder  5  is  inclined  in  a  direction  downwards  and  outwards 
and  terminates  at  an  acute-angled  sharp  convex  corner  9. 
When  a  plurality  of  identical  cups  or  other  containers  11  are 
assembled  together  into  an  upright  stack,  the  corner  9  makes 
localised  contact  with  the  external,  downwardly-facing  shoul- 
der  3,  of  the  cup  11  or  other  container  above  the  corner  9  enga- 
ging  the  downwardly-facing  shoulder  3  away  from  its 
edge  10.  Any  vertical  shock  loading  applied  to  a  stack  of  such 
cups  11  or  other  containers  is  cushioned  by  resilient  deforma- 
tion  of  the  external,  downwardly-facing  shoulders  3. 



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

a r e   now  c o m m o n p l a c e .   Fo r   t r a n s p o r t ,   e . g .   f r o m   a  

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

or   o t h e r   c o n t a i n e r s  a r e   n e s t e d   t o g e t h e r   to  f o r m  

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

s t a c k s   t e n d   to   jam  t o g e t h e r   and   in  an  a t t e m p t   t o  

o v e r c o m e   t h i s   e a c h   cup  or   o t h e r   c o n t a i n e r   h a s   b e e n  

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

c o m p r i s e s   an  i n t e r n a l   u p w a r d l y - f a c i n g   s u r f a c e   a n d  

an  e x t e r n a l   d o w n w a r d l y - f a c i n g   s u r f a c e .   The  s u r f a c e s  

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

t h e   cup   or   o t h e r   c o n t a i n e r .   In  an  u p r i g h t   s t a c k   t h e  

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

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

or   o t h e r   c o n t a i n e r   b e l o w ,   w h i l s t   i t s   i n t e r n a l   s u r f a c e  

s u p p o r t s   t h e   e x t e r n a l   s u r f a c e   of  t h e   cup  a b o v e .  

Such  s t a c k i n g   m e a n s   a r e   s u f f i c i e n t   to   e n s u r e   t h a t  

t h e   c u p s   or   o t h e r   c o n t a i n e r s   do  n o t   jam  t o g e t h e r  

when  a  s t a c k   i s   f o r m e d   and   h a n d l e d   c a r e f u l l y .   H o w e v e r ,  

when  s u c h   a  s t a c k   i s   s u b j e c t   to   an  a x i a l   s h o c k   l o a d  

by  b e i n g   j o l t e d ,   f o r   e x a m p l e   when  a  c a s e   of   s u c h  

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

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

e x t e r n a l   d o w n w a r d l y - f a c i n g   s u r f a c e   of   one  cup   o r  

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

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

c o n t a i n e r   b e l o w .   T h i s   j ams   t h e   two  c u p s   or   o t h e r   c o n -  

t a i n e r s   t o g e t h e r   t i g h t l y   and   t h i s   p r e s e n t s   a  m a j o r  

p r o b l e m   when  t h e   two  c u p s   or   o t h e r   c o n t a i n e r s   a r e   t o  

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



p a r t i c u l a r l y   s i g n i f i c a n t   w i t h   a  s t a c k   of  c u p s   w h i c h  

i s   p a c k a g e d   w i t h   i n g r e d i e n t s   in  e a c h   of  t h e   c u p s .  
Such  c u p s   a r e   known  as  i n g r e d i e n t   c u p s   and  t y p i c a l l y  

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

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

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

w e i g h t   of  t h e   i n g r e d i e n t   means   t h a t   t h e   w e i g h t   o f  

e a c h   s t a c k   i s   g r e a t e r   t h a n   t h e   w e i g h t   of  a  c o r r e s -  

p o n d i n g   s t a c k   of  e m p t y   c u p s .   Thus   s t a c k s   o f  

i n g r e d i e n t   c u p s   a r e   more   p r o n e   to   j a m m i n g   d u r i n g  

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

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

or  o t h e r   c o n t a i n e r   c o m p r i s e s   a  b o t t o m   and   a  s i d e  

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

e x t e r n a l ,   d o w n w a r d l y - f a c i n g   s h o u l d e r   and   an  i n t e r n a l ,  

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

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

w a r d s   and  o u t w a r d s   and  t e r m i n a t i n g   a t   an  a c u t e -  

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

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

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

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

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

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

away  f r o m   i t s   e d g e .  

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

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

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

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

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

d o w n w a r d s ,   a f t e r   t h e   e x t e r n a l   s h o u l d e r   h a s   b e e n   d e -  

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



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

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

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

so  r e s i s t i n g   t h e   e x t e r n a l   s h o u l d e r   o v e r r i d i n g   t h e  

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

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

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

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

a x i s   of  t h e   cup  or   o t h e r   c o n t a i n e r   and  t h u s   t h e   d o w n -  

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

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

t h e   i n c l i n e d   l a n d s .   When  a  s t a c k   of  s u c h   c u p s   i s  

s u b j e c t e d   to   a x i a l   s h o c k   l o a d s   t h e   d o w n w a r d l y - f a c i n g  

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

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

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

l y i n g   in   a  p l a n e   n o r m a l   to   t h e   a x i s   of  t h e   cup  or  o t h e r  

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

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

a b o v e   and   t h i s   p r o v i d e s   a  p o s i t i v e   s t o p .   A g a i n   t h e  

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

cup  or   o t h e r   c o n t a i n e r   a b o v e   and  t h e   i n c l i n e d   l a n d s  

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

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

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

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

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

s i d e   w a l l   of  t h e   cup  or  o t h e r   c o n t a i n e r .   In  i n g r e d i e n t  

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

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



p a c k e t   in  t h e   cup  or  o t h e r   c o n t a i n e r .   In  t h i s   c a s e   i t  

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

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

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

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

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

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

t h e   i n g r e d i e n t   in  i t s   p o c k e t   and  p r e v e n t i n g   i t s  

m i g r a t i o n   d u r i n g   t r a n s p o r t   and   h a n d l i n g .  

A n o t h e r   way  in  w h i c h   t h e   r e s i s t a n c e   to   t h e  

o v e r r i d i n g   of  t h e   s t a c k i n g   m e a n s   can   be  i n c r e a s e d   i s  

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

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

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

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

n e s t e d   to   f o r m   an  u p r i g h t   s t a c k ,   t h e   n i b s   a r e   v e r y  
c l o s e   t o ,   or   t o u c h ,   t h e   i n t e r i o r   of  t h e   s i d e   w a l l   o f  

t h e   n e x t   cup  b e l o w .   Some  of  any  a x i a l   s h o c k   l o a d i n g  

a p p l i e d   to   t h e   s t a c k   i s   a b s o r b e d   by  r e s i l i e n t   d e -  

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

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

c u p s   or  o t h e r   c o n t a i n e r s   in  t h e   s t a c k   so  t h a t   t h e r e  

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

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

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

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

of  t h e   n i b   i n t o   t h e   s i d e   w a l l   of  t h e   cup  or   o t h e r  

c o n t a i n e r   b e l o w   and  so  i n c r e a s e s   i t s   r e s i s t a n c e   to   o v e r -  

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

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

s p e c i f i c a l l y   i n t e n d e d   to   be  u s e d   w i t h   t h i n - w a l l e d  

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

of  t h i n - w a l l e d ,   t h i c k - w a l l e d ,   m u l t i - w a l l e d ,   l o c k a b l e ,  



j a m m i n g ,   n o n - l o c k a b l e   and  s t a c k a b l e   c o n t a i n e r s ,  

made  of  a  v a r i e t y   of  m a t e r i a l s   such   as  p l a s t i c s   o r  

p a p e r ,   u s i n g   a  v a r i e t y   of  m a n u f a c t u r i n g   t e c h n i q u e s  

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

s t a c k i n g   m e a n s   h a v e   some  i n h e r e n t   r e s i l i e n c e   so  t h a t  

t h e y   can   d e f o r m   to   a b s o r b   any  a x i a l   s h o c k   l o a d i n g .  

T y p i c a l l y   when  made  f r o m   a  p l a s t i c s   m a t e r i a l  

t h e   c u p s   or   o t h e r   c o n t a i n e r s   a r e   made  f rom  h i g h  

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

p o l y p r o p y l e n e ,   or   p o l y v i n y l   c h l o r i d e .   Such   p l a s t i c s  

c u p s   can  be  made  by  w e l l - k n o w n   t e c h n i q u e s ,   in  p a r -  
t i c u l a r   u s i n g   t h e   " H a n n i f i n   c y c l e "   or  t h e   " I l l i g   c y c l e " .  

In  e a c h   c a s e   t h e   s h a p e   of  t h e   cup  i s   d e t e r m i n e d   by  t h e  

s h a p e   of  t h e   c a v i t y   in   a  f e m a l e   m o u l d ,   w h i c h   o p e r a t e s  

as  a  r i g i d   u n i t   a p a r t   f r o m   an  e j e c t o r   in  i t s   b a s e .  

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

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

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

of  a  p r e - f o r m   c r e a t e d   by  t h e   p l u g .   T h e r e   i s   no  u s e  

of  v a c u u m   and   t h u s   t h e   a p p a r a t u s   i s   s i m p l e .  

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

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

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

a  r a d i u s   in   c r o s s   s e c t i o n   n o t   e x c e e d i n g   0 . 2 5   mm, 
and  t h e   c o r n e r s   in   t h e   m o u l d   w h i c h   p r o d u c e s   t h e   o t h e r  

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

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

n o t   e x c e e d i n g   0 . 2 5   mm. 

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

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

d o w n w a r d s   and  o u t w a r d s   a t   an  a n g l e   of   7°  to   t h e  

h o r i z o n t a l .   T h i s   a n g l e   may  be  v a r i e d   w i t h i n   t h e  

r a n g e   5°  to   10°  t o   t h e   h o r i z o n t a l .  



P a r t i c u l a r   e x a m p l e s   of  p l a s t i c s   c u p s   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   w i l l   now  be  d e s c r i b e d  

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

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

F i g u r e   2  i s   a  s e c t i o n a l   e l e v a t i o n   t h r o u g h  

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

jammed  t o g e t h e r ;  

F i g u r e   3  i s   a  s e c t i o n a l   e l e v a t i o n   t h r o u g h   o n e  

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

F i g u r e   4  i s   a  s e c t i o n a l   e l e v a t i o n   t h r o u g h   a  

f i r s t   e x a m p l 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 ;  

F i g u r e   5  i s   a  s e c t i o n   t h r o u g h   two  of  t h e  

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

F i g u r e   6  i s   a  s e c t i o n   t h r o u g h   two  of  t h e  

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

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

by  a x i a l   l o a d i n g ;  

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   of  a  s e c o n d  

e x a m p l e   of  cup  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   8  is   a  s e c t i o n   t h r o u g h   two  c u p s  
in  a c c o r d a n c e   w i t h   t h e   s e c o n d   e x a m p l e   of  t h i s  

i n v e n t i o n   n e s t e d   t o g e t h e r ;  

F i g u r e   9  i s   a  s e c t i o n   t h r o u g h   two  of  t h e  

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

l o a d i n g ;  

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

a  t h i r d   e x a m p l e   of  cup  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   11  i s   a  s e c t i o n   t h r o u g h   two  of  t h e   t h i r d  

e x a m p l e   of  c u p s   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  

n e s t e d   t o g e t h e r ;   a n d ,  

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

of  t h e   t h i r d   e x a m p l e .  

F i g u r e   1  shows   two  known  n e s t e d   i n g r e d i e n t  

c u p s   lA  and   lB  u n d e r   n o r m a l   c o n d i t i o n s .   Each   c o m p r i s e s  

a  s i d e   w a l l   2,  a  b a s e   3  and   an  a n n u l a r   s h o u l d e r   4 

e x t e n d i n g   in  a  p l a n e   n o r m a l   to   t h e   a x i s   of  t h e   c u p .  
The  b a s e   3  of  cup  lA  s i t s   on  t h e   i n n e r   u p w a r d l y -  

f a c i n g   s u r f a c e   of  s h o u l d e r   4  of  cup  1B.  An  i n g r e d i e n t  

p o c k e t   6  i s   f o r m e d   b e t w e e n   t h e   c u p s   lA  and  lB  and  i n  

u s e ,   t h e s e   c o n t a i n   a  b e v e r a g e   p o w d e r   7 .  

F i g u r e   2  shows   t h e   e f f e c t   of  an  e x c e s s i v e   a x i a l  

l o a d   on  a  n e s t e d   s t a c k   of  s u c h   c u p s .   The  e x t e r n a l  

c o r n e r   a r o u n d   t h e   p e r i p h e r y   of   t h e   b a s e   3  of  t h e   c u p  
lA  h a s   o v e r r i d d e n   t h e   i n t e r n a l   c o r n e r   a r o u n d   t h e  

p e r i p h e r y   of  t h e   s h o u l d e r   4  of  cup  1B  and  so  j a m m e d  

i t s e l f   i n t o   t h e   i n g r e d i e n t   p o c k e t   6  of  cup  1 B .  

The  r e s i s t a n c e   to   j a m m i n g   of  s u c h   a  s t a c k   o f  

c u p s   to   an  a x i a l   s h o c k   i s   a  r e s u l t   of  t h e   r e l a t i o n -  

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

s h o u l d e r   4  and  t h e   b a s e   3  of  t h e   n e x t   cup  in  t h e  

s t a c k .   I f   t h e   d e g r e e   of   o v e r l a p   shown  as  X  i n  

F i g u r e   3  i s   made  s u f f i c i e n t l y   l a r g e   and  t h e   c o r n e r s  

8,  9  and   10  made  s u f f i c i e n t l y   s h a r p ,   t h e n   t h i s   p r o b l e m  

can  be  o v e r c o m e .   To  o b t a i n   maximum  b e n e f i t   f r o m   t h e  

o v e r l a p   X  t h e   c o r n e r   10  n e e d s   to   be  s h a r p   on  t h e  

o u t s i d e   of  t h e   cup   w h i l s t   t h e   c o r n e r   9  n e e d s   to   b e  

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

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

c o n c e n t r i c a l l y   in  t h e   s t a c k   by  c o - o p e r a t i o n   b e t w e e n   t h e  



c o r n e r   10  and  t h e   i n s i d e   of  t h e   c o r n e r   8.  H o w e v e r ,  

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

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

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

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

in  w h i c h   t h e y   a r e   f o r m e d .   In  t h e   p a s t ,   t h i s   h a s  

l e d   to   t h e   d e v e l o p m e n t   of  c o m p l i c a t e d   and  e x p e n s i v e  

t e c h n i q u e s   s u c h   as  vacuum  a s s i s t e d   p r e s s u r e - f o r m i n g  

and  d r o p - b a s e d   t o o l i n g .   F i g u r e   4  shows   a  cup   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 o r m e d   as  an  i n g r e d i e n t  

cup  11.   The  a n n u l a r   s h o u l d e r   5  b e t w e e n   t h e   c o r n e r s  

8  and  9  h a s   a  d o w n w a r d   and  o u t w a r d   s l o p e .   F i g u r e   5 

shows   a  s t a c k   of  two  s u c h   c u p s   11A  and  11B  a n d  

n e s t e d   t o g e t h e r .   The  s h a r p   a c u t e - a n g l e d   c o r n e r   9  a t  

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

a n n u l a r   s h o u l d e r   5  of  t h e   cup  11B  e n g a g e s   t h e   b a s e  

3  of  t h e   cup  11A  away  f r o m   i t s   o u t e r   c o r n e r   10.   A 

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

c u p s   to   d e f i n e   t h e   i n g r e d i e n t   p o c k e t   6.  The  s h o u l d e r  

5  i s   i n c l i n e d   a t   7°  to   a  p l a n e   n o r m a l   to   t h e   a x i s   o f  

t he   c u p s .  
When  an  a x i a l   l o a d   i s   a p p l i e d   to   a  s t a c k   o f  

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

c o r n e r   9  of  cup  11B  to  t h e   b a s e   3  of  cup  11A  a w a y  
f rom  t h e   c o r n e r   10.   As  t h e   l o a d   i s   i n c r e a s e d   t h e  

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

3  of  cup  11A  u n t i l   t h e   c o r n e r   10  e n g a g e s   t h e   f a c e   o f  

t h e   s h o u l d e r   5.  T h u s ,   t h e   f i r s t   t h i n g   t h a t   h a p p e n s  

in  t h e   e v e n t  o f   a  s t a c k   of  s u c h   c u p s   b e i n g   s u b j e c t e d  

to  an  a x i a l  l o a d   i s   t h a t   t h e   b a s e   3  d i s t o r t s   t o  

a b s o r b   some  of  t h e   a x i a l   l o a d .   Any  f u r t h e r   i n c r e a s e  

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

o v e r   z o n e s   of  t h e   b a s e   3  of  t h e   cup  11A  and   t h e  



s h o u l d e r   5  of  t h e   cup  l l B .   T h e s e   z o n e s   a r e   in  f a c e  

to   f a c e   i n t e r - e n g a g e m e n t   as  shown  in  F i g u r e   6  a n d  

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

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

t h e   s h o u l d e r   5  of  cup  11B  and   t h e   d e f o r m a t i o n   of  t h e  

b a s e   3  of  cup  11A  b o t h   of  t h e s e   z o n e s   a r e   i n c l i n e d  

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

r e s u l t s   in  t h e   b a s e   3  of  t h e   cup   11A  t e n d i n g   to  e x p a n d  

w h i l s t   t h e   s h o u l d e r   5  of  cup  11B  t e n d s   to   c o n t a c t   a n d  

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

of  t h e   c o r n e r   10  o v e r   t h e   c o r n e r   9  and  as  shown  i n  

F i g u r e   2.  T h u s ,   t h e   i n c l i n a t i o n   of  t h e   s h o u l d e r   4 

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

c u p s   t o g e t h e r .  

A  t y p i c a l   cup   as  shown  in  F i g u r e s   4,  5  and  6 

may  be  of  7  f l u i d   o u n c e   ( 2 0 0 m l )   c a p a c i t y ,   may  be  m a d e  

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

s t y r e n e   h a v i n g   an  i n i t i a l   t h i c k n e s s   of  0 .8mm.  E a c h  

cup  u s e s   a  d i s c   74 .5mm  in  d i a m e t e r .   The  c u p s   a r e  

made  u s i n g   t h e   " H a n n i f i n "   or   " I l l i g "   c y c l e .   In  t h e s e  

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

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

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

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

in  t h e   m o u l d   w h i c h   p r o d u c e   t h e   c o r n e r s   8,  9  and  10  i n  

t h e   cup  a l l   h a v e   r a d i i   in  c r o s s   s e c t i o n   n o t   e x c e e d i n g  

0 . 2 5   mm.  I t   i s   p r e f e r r e d   t h a t   f o r   m o s t   of  t h e  

p a r t i c u l a r   cup  t h e   m e a s u r e m e n t s   of   t h e   v e r t i c a l   c e n t r e  

l i n e   of  t h e   m o u l d   a r e   as  f o l l o w s : -  



In  t h e   f i n i s h e d   cup  t h e   t h i c k n e s s   of  t h e   s h e e t   a r o u n d  

t h e   s h o u l d e r   4  in  t h e   b a s e o f   t h e   cup  3  i s   p r e f e r a b l y  

n o w h e r e   l e s s   t h a n   0 . 1 5   mm. 

The  s e c o n d   e x a m p l e   of  cup  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   shown  in  F i g u r e   7  and  in  t h i s   s e c o n d  

e x a m p l e   t h e   c o n t i n u o u s   a n n u l a r   s h o u l d e r   5  i s   i n t e r r u p t e d  

to  f o rm  a  c a s t e l l a t e d   s h o u l d e r .   F i r s t ,   in  t h i s  

e x a m p l e   a  s e r i e s   of  l a n d s   5  i n c l i n e d   to   a  p l a n e   n o r m a l  

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

4  w h i c h   l i e   in  a  p l a n e   n o r m a l   to  t h e   a x i s   of  t h e   c u p .  

A  n o r m a l   s t a c k   of  s u c h   c u p s   i s   shown  in  F i g u r e   8  a n d  

t h e   b a s e   3  of  cup  12A  i s   n o r m a l l y   s u p p o r t e d   on  t h e  

e d g e s   9  t h e   i n s i d e   e d g e   of  t h e   i n c l i n e d   l a n d s   5 .  

When  t h e   s t a c k   of  c u p s   i s   s u b j e c t e d   to  an  a x i a l   l o a d  

t he   b a s e   3  of  t h e   cup  13A  i s   s u b j e c t e d   to   l o c a l  

d e f o r m a t i o n   as   shown  in  F i g u r e   9  in  an  a n a l o g o u s  

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

of  t h e   b a s e   3  of  t h e   cup  12A  a b s o r b s   t h e   s h o c k   of  a n y  

a x i a l   l o a d i n g .   A f t e r   t h e   b a s e   3  of  t h e   cup  12A  h a s  

b e e n   d e f o r m e d   t h e   c o r n e r   10  moves   down  i n t o   c o n t a c t  

w i t h   t h e   c o r n e r   8  to   p r o v i d e   a  p o s i t i v e   s t o p .   T h i s  

is   t h e   p o s i t i o n   shown  in  F i g u r e   9.  A g a i n   t h e   d e f o r m e d  

p a r t s   of  t h e   b a s e   3  r e s t i n g   a g a i n s t   t h e   i n c l i n e d   l a n d s  

5  t e n d   to   c a u s e   t h e   c o r n e r   10  to   e x p a n d   c i r c u m f e r e n t i a l l y  

and  t h e   c o r n e r   9  to   c o n t r a c t   c i r c u m f e r e n t i a l l y   s o  

t e n d i n g   to   o p p o s e   o v e r r i d i n g   o f  t h e   c o r n e r   10  o v e r  

t h e   c o r n e r   9 .  

A  t h i r d   e x a m p l e   of  cup  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   shown  in  F i g u r e   10.   The  t h i r d   e x a m p l e  

of  cup  13  i s   an  i n g r e d i e n t   cup  and   g e n e r a l l y   s i m i l a r   t o  



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

e x t e n d i n g   n i b s   14  l o c a t e d   i m m e d i a t e l y   a b o v e   t h e  

i n c l i n e d   a n n u l a r   s h o u l d e r   5.  The  n i b s   14  a r e  

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

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

of  cup  13A  and   t h e   s i d e   w a l l   2  of   cup  13B  w h e n  

cup  13A  i s   n e s t e d   i n s i d e   cup  13B  as  shown  in  F i g u r e  
11.   When  t h e   s t a c k   of  s u c h   c u p s   i s   s u b j e c t e d   t o  

an  a x i a l   l o a d   t h e   o u t e r   p e r i p h e r y   of  t h e   b a s e   3 

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

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

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

p o i n t   t h e   a p e c e s   of  t h e   n i b s   14  on  t h e   cup  13A 

b e g i n   to   and  d e f o r m   t h e   s i d e   w a l l   2  of  t h e   cup  1 3 B .  

T h i s   d i g g i n g   in  and  d e f o r m a t i o n   p r o v i d e s   an  a d d i -  

t i o n a l   f o r c e   to   a b s o r b   t h e   s h o c k   of  any  a x i a l   l o a d  

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

to  t h e i r   n o r m a l   n e s t e d   c o n f i g u r a t i o n .   The  n i b s   14  

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

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

10  o v e r r i d i n g   t h e   c o r n e r   9  as  a  r e s u l t   of  any  m i s -  

a l i g n m e n t   b e t w e e n   a d j a c e n t   c u p s   of  t h e   s t a c k .  

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

in  F i g u r e   12  and  in  t h i s   m o d i f i c a t i o n   t h e   n i b   14  

has   a  s t e e p l y   i n c l i n e d   b a s e   15.   The  s t e e p l y  

i n c l i n e d   b a s e   15  i n c r e a s e s   t h e   s h a r p n e s s   of  a  

c o r n e r   16  b e t w e e n   t h e   a p e x   of  t h e   n i b   14  and  i t s  

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

of  t h e   n i b   14  i n t o   t h e   s i d e   w a l l   2  of  a  cup  b e l o w  

i t   in  a  s t a c k ,   t h u s   i n c r e a s i n g   i t s   r e s i s t a n c e   t o  

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



For   t h e   s a k e   of  c l a r i t y ,   o n l y   two  c u p s   h a v e  

b e e n   shown  t h r o u g h o u t   t h i s   d e s c r i p t i o n   to  r e p r e s e n t  

a  s t a c k   of  c u p s   and  any  l o c k i n g   means   to   l o c k  

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

In  p r a c t i c e ,   a  s t a c k   of  i n g r e d i e n t   c u p s   a f t e r  

b e i n g   f i l l e d   w i t h   i n g r e d i e n t   p o w d e r   7  i s   u s u a l l y  

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

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

c a s e   b e f o r e   b e i n g   t r a n s p o r t e d .  



1.  A  n e s t a b l e   cup  or   o t h e r   c o n t a i n e r   c o m p r i s i n g  

a  b o t t o m   (3)  a  s i d e   w a l l   (2)  and  s t a c k i n g   m e a n s  

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

and  an  i n t e r n a l ,   u p w a r d l y - f a c i n g   s h o u l d e r   ( 4 ) ,  

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

s h o u l d e r   (5)  i s   i n c l i n e d   in  a  d i r e c t i o n   d o w n w a r d s  

and   o u t w a r d s   and   t e r m i n a t e s   a t   an  a c u t e - a n g l e d  

s h a r p   c o n v e x   c o r n e r   (9)  so  t h a t ,   when  a  p l u r a l i t y  

of  i d e n t i c a l   c u p s   ( 1 1 , 1 2 , 1 3 )   or   o t h e r   c o n t a i n e r s  

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

c o r n e r   (9)  makes   l o c a l i s e d   c o n t a c t   w i t h   t h e   e x t e r n a l ,  

d o w n w a r d l y - f a c i n g   s h o u l d e r   (3)  of  t h e   cup  ( l l A ,   1 2 A ,  

13A)  or   o t h e r   c o n t a i n e r   a b o v e ,   t h e   c o r n e r   ( 9 )  

e n g a g i n g   t h e   d o w n w a r d l y - f a c i n g   s h o u l d e r   (3)  a w a y  
f r o m   i t s   e d g e   ( 1 0 ) .  

2.  A  cup  or  o t h e r   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,  in   w h i c h   t h e   i n t e r n a l   u p w a r d l y - f a c i n g   s h o u l d e r   i s  

c a s t e l l a t e d   w i t h   l a n d s   (5)  b e i n g   i n c l i n e d   o u t w a r d s  

and  d o w n w a r d s   and  l a n d s   (4)  l y i n g   in  a  p l a n e   n o r m a l  

to   t h e   a x i s   of  t h e   cup  or  o t h e r   c o n t a i n e r .  

3.  A  cup  or   o t h e r   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,  in  w h i c h   t h e   i n t e r n a l   u p w a r d l y - f a c i n g   s h o u l d e r  

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

o u t w a r d l y   i n c l i n e d   s u r f a c e   ( 5 ) .  

4.  A  cup  or   o t h e r   c o n t a i n e r   a c c o r d i n g   to   a n y  

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

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

p r o j e c t i n g   n i b s   (14)  a r r a n g e d   so  t h a t   when  a  

p l u r a l i t y   of  i d e n t i c a l   c u p s   (13)  or   o t h e r   c o n t a i n e r s  

a r e   n e s t e d  t o   f o r m   an  u p r i g h t   s t a c k ,   t h e   n i b s   ( 1 4 )  



a re   v e r y   c l o s e   t o ,   or  t o u c h ,   t h e   i n t e r i o r   of  t h e   s i d e  

w a l l   (2)  of  t h e   n e x t   cup  b e l o w .  

5.  A  cup  or  o t h e r   c o n t a i n e r   a c c o r d i n g   t o  

c l a i m   4,  in  w h i c h   t h e   b a s e   (16)  of  e a c h   n i b   ( 1 4 )  

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

6.  A  cup  or   o t h e r   c o n t a i n e r   a c c o r d i n g   to  a n y  

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

p o l y s t y r e n e ,   o t h e r  g r a d e s   of  p o l y s t y r e n e ,   p o l y -  

p r o p y l e n e ,   or  p o l y v i n y l   c h l o r i d e .  

7.  A  cup  or  o t h e r   c o n t a i n e r   a c c o r d i n g   to  a n y  

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

u p w a r d l y - f a c i n g   s h o u l d e r   (5)  i s   i n c l i n e d   a t   an  a n g l e  

of  w i t h i n   a  r a n g e   of  5°  to   7°  to   a  p l a n e   n o r m a l   to   t h e  

a x i s   of  t h e   cup  or  o t h e r   c o n t a i n e r .  

8.  A  cup  or  o t h e r   c o n t a i n e r   a c c o r d i n g   to  a n y  

one  of  t h e   p r e c e d i n g   c l a i m s ,   when  made  f r o m   p l a s t i c s  

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

f e m a l e   mou ld   h a v i n g   c o r n e r s   w i t h   r a d i i   in  c r o s s -  

s e c t i o n   n o t   e x c e e d i n g   0 . 2 5   mm. 

9.  A  cup  or  o t h e r   c o n t a i n e r   a c c o r d i n g   t o  

c l a i m   8,  in  w h i c h   t h e   i n i t i a l   t h i c k n e s s   of  t h e   s h e e t  

of  p l a s t i c s   m a t e r i a l   i s   s u b s t a n t i a l l y   0 .8   mm  a n d ,  

a f t e r   f o r m i n g ,   t h e   t h i c k n e s s   of  t h e   s t a c k i n g   m e a n s  

(3,  4,  5)  i s   n o w h e r e   l e s s   t h a n   s u b s t a n t i a l l y   0 . 1 5   mm. 
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