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(54)  Apparatus  and  method  for  filling  containers  with  discrete  solids. 

The  specification  describes  a  method  and  apparatus  for 
vacuum  filling  containers,  particularly  small  containers  such 
as  orally  acceptable  capsules,  with  powder.  For  filling  a  con- 
tainer  (6)  use  is  made  of  a  material  delivery  passage  (2)  which 
is  non-vertical.  Discrete  solid  material  from  a  supply  (5)  can 
descend  freely  into  this  passage  but  its  spatial  course  and 
cross-sectional  size  are  such  that  material  remains  supported 
in  the  passage  until  air  is  aspirated  from  the  container  (6)  via 
an  air  exhaust  passage  (3).  Flow  of  material  through  the  deliv- 
ery  passage  (2)  ceases  following  restoration  of  normal 
atmospheric  pressure  at  the  exit  end  of  such  passage. 



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

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

Some  known  m a c h i n e s   a l l o w   the  d i s c r e t e   m a t e r i a l   t o  

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

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

is   c l o s e d ,   e . g .   by  a  s h u t t e r   or   v a l v e ,   or  by  c o n t a c t   w i t h  

m a t e r i a l   in  or   o v e r f l o w i n g   f rom  the   c o n t a i n e r .  

M a c h i n e s  a r e   a l s o   known  in  w h i c h   the   m a t e r i a l   to  b e  

d i s p e n s e d   is   d r awn   i n t o   t h e   c o n t a i n e r   f rom  a  r e s e r v o i r   v i a  

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

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

t u b e   and  t h e   a s p i r a t i n g   p a s s a g e .   The  a s p i r a t i o n   can  b e  

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

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

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

P r o b l e m s   a r e   o f t e n   e n c o u n t e r e d   when  u s i n g   a  v a c u u m - f i l l  

s y s t e m   in  a v o i d i n g   e x c e s s   f l o w   of  the   d i s c r e t e   m a t e r i a l .  

U n i t e d   S t a t e s   s p e c i f i c a t i o n   3  693  672  i s   c o n c e r n e d   w i t h   t h i s  

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

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

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

m a t e r i a l   to  t h e   f i l l i n g   n o z z l e .   For   t h i s   p u r p o s e   t h e  

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

l o c a t e d   a b o v e   i t s   n o z z l e   and  i s   s u r r o u n d e d   by  a  v a c u u m  

c h a m b e r .   S i m u l t a n e o u s l y   w i t h   the   o p e r a t i o n   of   t he   s e c o n d  

vacuum  a  b l a s t   of  a i r   i s   d e l i v e r e d   i n t o   the   c o n t a i n e r   t o  

p a c k   the   d i s c r e t e   m a t e r i a l   i n   t he   c o n t a i n e r .   T h i s   a i r   b l a s t  

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

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

the  s e c o n d   v a c u u m .  

The  u se   of  a  s e c o n d   v a c u u m   s y s t e m   is   a l s o   p r o p o s e d   i n  

U n i t e d   K i n g d o m   P a t e n t   s p e c i f i c a t i o n   No.  1  510  634.   In  t h e  

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



vacuum  s y s t e m   is   o p e r a t e d   a f t e r   c o m p l e t i o n   of  the   v a c u u m  

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

away  f rom  filling  p o s i t i o n .   The  p u r p o s e   of  the   s e c o n d  

vacuum  is  to  p u r g e   r e s i d u a l   m a t e r i a l   1  from  w i t h i n   t h e  

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

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

m a t e r i a l .  

The  p r o v i s i o n   of   t w i n - v a c u u m   s y s t e m s   o p e r a t i n g   a s  

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

the  f i l l i n g   m a c h i n e s   and  add  a p p r e c i a b l y   to  t h e i r   c o s t .  

The  known  f i l l i n g   m a c h i n e s   h e r e i n b e f o r e   r e f e r r e d   t o  

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

m a t e r i a l   in  s u b s t a n t i a l   u n i t   q u a n t i t i e s ,   e . g .   f o r  

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

i n t o   c a r t o n s   or   j a r s .   M a c h i n e s   o p e r a t i n g   as  a b o v e  

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

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

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

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

o r a l l y   a c c e p t a b l e   m a t e r i a l .   Even  i f   the   c o m p l i c a t i o n   of  a  

s e c o n d   v a c u u m   s y s t e m   as  d e s c r i b e d   in  t he   e a r l i e r   p a t e n t s  

a b o v e   r e f e r r e d   to  we re   a c c e p t e d ,   i t   w o u l d   be  d i f f i c u l t   i f  

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

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

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

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

be  r e l e a s e d   f r o m   the   f i l l i n g   h e a d   of   the   known  m a c h i n e s .  

The  a m o u n t   of   s u c h   e x c e s s   d e p e n d s   on  the   c o h e s i v e n e s s   o f  

the   p a r t i c u l a t e   m a t e r i a l   and  any  n a t u r a l   b r i d g i n g   e f f e c t  

in  the   d e l i v e r y   p a s s a g e .   Even  when  h a n d l i n g   f r e e - f l o w i n g  

m a t e r i a l   such   e x c e s s   a m o u n t s   may  be  c o n s i d e r e d   i n s i g n i f i c a n t  

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

u n a c c e p t a b l e   when  d i s p e n s i n g   m i n u t e   q u a n t i t i e s   of   r e l a t i v e l y  

e x p e n s i v e   m a t e r i a l   or  m e d i c i n e s   r e q u i r i n g   s t r i c t   d o s a g e  

c o n t r o l .  



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

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

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

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

t u b e   and  s u b s e q u e n t l y   r e l e a s e d   f rom  t h a t   t u b e   i n t o   a 

c a p s u l e .   D i r e c t   vacuum  f i l l i n g   w o u l d   be  s i m p l e r ,   b u t   s o  

f a r   as  i s   known,   no  d i r e c t   v a c u u m   f i l l i n g   m a c h i n e   i s  

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

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

The  p r i n c i p a l   o b j e c t   of  t he   p r e s e n t   i n v e n t i o n   i s   t o  

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

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

w i t h o u t   r e s o r t   to  the  use   of  a  s e c o n d   vacuum  s y s t e m .  

A  s e c o n d a r y   o b j e c t   of  t he   i n v e n t i o n ,   f u l f i l l e d   b y  

p r e f e r r e d   e m b o d i m e n t s   of   t he   i n v e n t i o n ,   i s   to  p r o v i d e   a  

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

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

s o l i d   m a t e r i a l   in  m i n u t e   q u a n t i t i e s   d i r e c t l y   i n t o   c a p s u l e s  

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

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

p r e s e n t   i n v e n t i o n   i s   d e f i n e d   in   c l a i m   1  of   t h i s   s p e c i f i c a t i o n .  

The  a p p a r a t u s   i s   c h a r a c t e r i s e d   in   t h a t   a t   l e a s t   p a r t   of  t h e  

l e n g t h   oj'  the   d e l i v e r y   p a s s a g e   i s   so  o r i e n t a t e d   r e l a t i v e  

to  t h e   v e r t i c a l   t h a t   t h e r e   i s   no  v e r t i c a l   f l o w   p a t h   t h r o u g h  

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

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

t h e   d i s c r e t e   s o l i d   m a t e r i a l   f rom  a  h o p p e r   or  o t h e r   r e s e r v o i r  

to  t h e   c o n t a i n e r   to  be  f i l l e d .   The  m a t e r i a l   d e l i v e r y   p a s s a g e  
of   a p p a r a t u s   a c c o r d i n g   to  t he   i n v e n t i o n   has   a  c o u r s e   in  s p a c e  
s u c h   t h a t   the  p a s s a g e   can  a f f o r d   some  d e g r e e   of   u n d e r l y i n g  

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

p a s s a g e .   A  q u a n t i t y   of  m a t e r i a l   of   a p p r o p r i a t e   f l o w  

c h a r a c t e r i s t i c s   w i l l   r e m a i n   in  t h e   p a s s a g e   a w a i t i n g   t h e  



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

p a s s a g e   were   a  v e r t i c a l   p a s s a g e   of   the   same  s i z e   t h a t   s a m e  

m a t e r i a l   wou ld   f a l l   or  be  l i a b l e   to  f a l l   u n d e r   g r a v i t y .  

By  e m p l o y m e n t   of  the   i n v e n t i o n ,   f l ow  of  m a t e r i a l   f rom  t h e  

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

f i l l i n g   vacuum  and  r e m o v a l   of  t he   c o n t a i n e r   f rom  f i l l i n g  

p o s i t i o n   is   a v o i d e d   or  r e s t r i c t e d   in  a  v e r y   s i m p l e   m a n n e r ,  
w i t h o u t   the   u se   of   v a l v e s   or  o t h e r   m o v i n g   p a r t s   a n d  

w i t h o u t   the  u s e  o f   a  s e c o n d   v a c u u m   s y s t e m .  

The  s p a t i a l   c o u r s e   of   the   d e l i v e r y   p a s s a g e   is   o n e  

f a c t o r   w h i c h   in  p r a c t i c e   d e t e r m i n e s   the   f low  c h a r a c t e r i s t i c s  

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

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

is   t he   s i z e   and  p a r t i c u l a r l y   t he   c r o s s - s e c t i o n a l   d i m e n s i o n s  

of  t he   d e l i v e r y   p a s s a g e .   For   a  p a s s a g e   of  a  g i v e n   s i z e ,  

t h e .  m o r e   the   s p a t i a l   c o u r s e   of   t he   p a s s a g e   d e p a r t s   f rom  t h e  

v e r t i c a l ,   the  more  v e r s a t i l e   i s   the   a p p a r a t u s   b e c a u s e   t h e  

more  f r e e l y - f l o w i n g   can  be  the   d i s c r e t e   m a t e r i a l .  

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

a d v a n t a g e s   f rom  the   i n v e n t i o n ,   and  in   p a r t i c u l a r   f o r  

d i s p e n s i n g   v e r y   f r e e - f l o w i n g   d i s c r e t e   m a t e r i a l ,   the   d e l i v e r y  

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

o v e r   a t   l e a s t   a  p a r t   and  p r e f e r a b l y   o v e r   a t   l e a s t   t h e  

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

The  s p a t i a l   c o u r s e   of   t he   d e l i v e r y   p a s s a g e   can  e a s i l y  

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

g i v e n   f l o w   c h a r a c t e r i s t i c s   none   of   t he   m a t e r i a l   or  o n l y   a  

m i n i s c u l e   a m o u n t   of   t he   m a t e r i a l   w i l l   f a l l   f rom  the   d e l i v e r y  

p a s s a g e   when  the  c o n t a i n e r   i s   moved  away  f rom  f i l l i n g  

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

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

p a s s a g e   a r r a n g e d   in  t h a t   m a n n e r ,   can  be  made  to  a  s i z e  

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

m a t e r i a l ,   e . g .   d o s e s   l e s s   t h a n   1  gram  in  w e i g h t   and  e v e n  

d o s e s   m e a s u r e d   in  m i l l i g r a m s .   Such  a p p a r a t u s   i s   v e r y  



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

P r e f e r a b l y   a t   l e a s t   a  l o w e r   end  p o r t i o n   of   t he   l e n g t h  

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

a n g l e   to  t he   h o r i z o n t a l .   T h i s   f e a t u r e   i s   a d v a n t a g e o u s   f o r  

the   p u r p o s e   of   a v o i d i n g   f a l l   of   m a t e r i a l   f r om  the   e x i t   e n d  

of   t he   d e l i v e r y   c h a n n e l   u n d e r   g r a v i t y .  

In  t h e   mos t   p r e f e r r e d   e m b o d i m e n t s   of   t h e   i n v e n t i o n ,  

the   d e l i v e r y   p a s s a g e   is   d o w n w a r d l y   i n c l i n e d   a t   a  c o n s t a n t  
a c u t e   a n g l e   to  the   h o r i z o n t a l   o v e r   i t s   e n t i r e   l e n g t h .  

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

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

m a t e r i a l   or   m a t e r i a l s   i n t e n d e d   to  be  d i s p e n s e d   by  t h e  

a p p a r a t u s .   The  more  f r e e - f l o w i n g   i s   t h e   m a t e r i a l ,   t h e  

s m a l l e r   s h o u l d   t h a t   a n g l e   be .   P r e f e r a b l y   the   s a i d   a c u t e  

a n g l e   i s   l e s s   t han   4 0 ° .  

A l t h o u g h   the   i n v e n t i o n   can  be  e m b o d i e d   in   a p p a r a t u s  

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

q u a n t i t i e s   of  m a t e r i a l   to  be  d i s p e n s e d ,   t he   i n v e n t i o n   i s   i n  

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

p a s s a g e   of   s m a l l   s i z e .   P r e f e r a b l y   t he   d e l i v e r y   p a s s a g e   h a s  

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

of   n o t   more   t h a n   .05  s q u a r e   i n c h e s   ( a p p r o x i m a t e l y   32  s q u a r e  

m i l l i m e t r e s )   t h i s   b e i n g   t h e   a p p r o x i m a t e   c r o s s - s e c t i o n a l  

a r e a   of   a  c i r c u l a r   b o r e   1 4"  ( 6 . 3 5 m m )   i n   d i a m e t e r .   Such  a  

p a s s a g e   can   e a s i l y   be  k e p t   c l o s e d   by  f i n e   g r a i n e d   s o l i d  

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

of   t h e   m a t e r i a l   f l o w   u n d e r   t he   f i l l i n g   v a c u u m .   S u c h  

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

d i r e c t   r e s p o n s e   of  the   d i s c r e t e   m a t e r i a l   to  t he   a s p i r a t i n g  

f o r c e   a t   t he   c o m m e n c e m e n t   of   e ach   f i l l i n g   o p e r a t i o n ,   w i t h  

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

e x i t   end  of   the   p a s s a g e   o v e r   i t s   e n t i r e   c r o s s - s e c t i o n .  

P r e f e r a b l y   the   l e n g t h   of  t h e   d e l i v e r y   p a s s a g e   i s   b e t w e e n  

1 4  i n c h   and  2  i n c h e s .   P a s s a g e s   of   t h a t   l e n g t h   h a v e   b e e n  

f o u n d   to  be  m o s t   c o n v e n i e n t   and  s a t i s f a c t o r y   in  o p e r a t i o n .  



I f   t he   d e l i v e r y   p a s s a g e   i s   too  l o n g ,   b l o c k a d e   may  o c c u r .  

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

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

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

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

A  d e l i v e r y   p a s s a g e   of   v e r y   s m a l l   s i z e s   can  b e  

c o n s t i t u t e d   v e r y   s a t i s f a c t o r i l y   by  a  b o r e   or  c h a n n e l  

w i t h i n   a  s o l i d   body   or  c o m b i n a t i o n   of   b o d i e s   e . g .   w i t h i n  

a  s o l i d   p l a t e   or  p l a t e - l i k e   s t r u c t u r e .   In  c e r t a i n  

a p p a r a t u s   a c c o r d i n g   to  the   i n v e n t i o n   the   d e l i v e r y   p a s s a g e  
i s   d e f i n e d   by  s o l i d   m a t e r i a l   f o r m i n g   a  c o v e r   f o r   c o v e r i n g  

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

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

A p p a r a t u s   a c c o r d i n g   t o . t h e   i n v e n t i o n   can  i n c o r p o r a t e  

any  f o r m   of   c o n t a i n e r   s u p p o r t .   The  s u p p o r t   may  in   m a n n e r  

known  p e r   se  be  c o n s t r u c t e d   to  s u p p o r t   a  p l u r a l i t y   o f  

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

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

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

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

i n t o   s e a l i n g   c o n t a c t   w i t h   the   c o v e r   means   p r e p a r a t o r y   t o  

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

When  o p e r a t i n g   a p p a r a t u s   a c c o r d i n g   to  t he   i n v e n t i o n   i t  

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

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

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

d e l i v e r y   p a s s a g e .   At  the   same  t i m e   of   c o u r s e   t h e r e   s h o u l d  

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

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

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

P r e f e r a b l y   the   a r e a   of  the   b o t t o m   end  of'  s u c h   f e e d w a y   i s   n o t  

more   t h a n   f o u r   t i m e s   the  a r e a   of   t he   e n t r y   end  of  s a i d  

d e l i v e r y   p a s s a g e .  

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

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



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

s p e c i f i c a t i o n   a r c   d e f i n e d   in  c l a i m s   8  to  12  h e r e o f .  

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

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

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

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

f rom  a  s u p p l y ,   and   w i t h   an  a i r   e x h a u s t   p a s s a g e ,   a n d  

a s p i r a t i n g   a i r   f r om  t he   c o n t a i n e r   v i a   s a i d   e x h a u s t   p a s s a g e  
to  draw  m a t e r i a l   i n t o   t h e   c o n t a i n e r ,   c h a r a c t e r i s e d   by  t h e  

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

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

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

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

p r e s s u r e   a t   t he   e x i t   end  o f   s a i d   d e l i v e r y   p a s s a g e   i t   r e m a i n s   f i l l e c  

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

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

in  s t a t i c   c o n d i t i o n   r e a d y   to  be  s u c k e d   i n t o   a n o t h e r   c o n t a i n e r .  

A  m e t h o d   a c c o r d i n g   to  t h e   i n v e n t i o n   can  b e  u s e d   f o r  

c o m p l e t e   or  p a r t i a l   f i l l i n g   o f   a  c o n t a i n e r .  

C o m p l e t e   f i l l i n g   m e a n s   t h a t   f i l l i n g   c o n t i n u e s   u n t i l   t h e  

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

e x i t   end  of  t he   m a t e r i a l   d e l i v e r y   p a s s a g e .   In  t h o s e  

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

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

f o r c e   is   d e s t r o y e d   by  t h e   m a t e r i a l   in   t he   c o n t a i n e r .  

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

t he   d e l i v e r y   p a s s a g e   to  be  e x p o s e d   to  a t m o s p h e r i c   p r e s s u r e  
and  the   d e l i v e r y   p a s s a g e   t h e r e f o r e   r e m a i n s   f i l l e d   o v e r   a t  

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

d r a w n   i n t o   a n o t h e r   c o n t a i n e r   as  a b o v e   r e f e r r e d   t o .   I n  

p r e f e r r e d   e m b o d i m e n t s   of   t he   i n v e n t i o n ,   p e r f o r m e d   f o r  

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

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

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



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

or  s u b s t a n t i a l l y   none   of  such   r e t a i n e d   m a t e r i a l   d i s c h a r g e s  

u n d e r   g r a v i  t y .  

When  u s i n g  a   m e t h o d   a c c o r d i n g   to  the   i n v e n t i o n   f o r  

p a r t i a l   f i l l i n g ,   m a t e r i a l   in  t he   d e l i v e r y   p a s s a g e   may  h a v e  

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

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

p r e s s u r e   in  the  c o n t a i n e r .   T h e r e f o r e   a  f u r t h e r   q u a n t u m   o f  

m a t e r i a l   may  l e a v e   the   d e l i v e r y   p a s s a g e ,   d e p e n d i n g   on  t h e  

f l o w   c h a r a c t e r i s t i c s   of  the   m a t e r i a l   and  the   s p a t i a l  

c o u r s e   of  such   p a s s a g e .   Such  f u r t h e r   q u a n t u m   can  b e  

a  1   lowed  f o r   in  s e t t i n g   the   s t r e n g t h   and  d u r a t i o n   of  t h e  

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

In  any  g i v e n   p r o c e s s ,  f a l l   o f   m a t e r i a l   f rom  the   d e l i v e r y  

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

h a n d l i n g   a  v e r y   f r e e - f l o w i n g   m a t e r i a l ,   by  a p p r o p r i a t e  
s e l e c t i o n   of  the   c o u r s e   and  s i z e   of   the   p a s s a g e   as  h e r e i n  

d e s c r i b e d .  

C e r t a i n   e m b o d i m e n t s   of  t he   i n v e n t i o n ,   s e l e c t e d   by  w a y  
of  e x a m p l e   o n l y ,   w i l l   now  be  d e s c r i b e d   w i t h   r e f e r e n c e   t o  

t he   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 .   1  i s   a  d i a g r a m m a t i c   r e p r e s e n t a t i o n   of  p a r t   of   a  

d i s p e n s i n g   a p p a r a t u s   a c c o r d i n g   to  t he   i n v e n t i o n ;  

F i g s .   2  and  3  show  a l t e r n a t i v e   f o r m s   of  m a t e r i a l  

d e l i v e r y   p a s s a g e ;  

F i g .   4  i s   a  p l a n   v i ew  of   p a r t   of   a  f i l l i n g   m a c h i n e  

e m b o d y i n g   t he   i n v e n t i o n ;  

F i g .   5  i s   a  s e c t i o n a l   e l e v a t i o n   of  c e r t a i n   of   t h e  

m a c h i n e   c o m p o n e n t s   shown  in  F i g .   4 ;  

F i g .   6  is   a  p a r t   s e c t i o n a l   e l e v a t i o n   of  the   f i l l i n g  
h e a d   of   t he   m a c h i n e   and  of  p a r t  o f   an  a s s o c i a t e d   f e e d  

h o p p e r ;  

F i g .  7   is   a  p a r t - s e c t i o n a l   e l e v a t i o n   of   the   f i l l i n g  
head   t a k e n   a t   r i g h t   a n g l e s   to  F i g .   6;  a n d  



F i g .  8  i s   an  u n d e r - p l a n   v i ew  of   p a r t s   of  the   f i l l i n g  

h e a d .  

The  d i s p o u s i n g   a p p a r a t u s   shown  in  F i g .   1  c o m p r i s e s   a  

c o v e r   p l a t e   1  f o r   c o v e r i n g   the   m o u t h   o f   a  c o n t a i n e r   to  b e  

f i l l e d .   In  t h i s   p l a t e   t h e r e   i s   an  i n c l i n e d   d e l i v e r y  

p a s s a g e  2   e x t e n d i n g   f rom  the   top   to  t h e   b o t t o m   f a c e   o f  

t h e   p l a t e .   W i t h i n   the   p l a t e   t h e r e   i s   a l s o   an  a i r   e x h a u s t  

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

u p w a r d l y   f rom  the   b o t t o m   f a c e   of   t h e   p l a t e ,   and  a 

h o r i z o n t a l   s e c t i o n   w h i c h   e x t e n d s   to  an  edge   f a c e   of  t h e  

p l a t e .   The  p l a t e   1  i s   s u r m o u n t e d   by  a  h o p p e r   4  w h i c h   i s  

c h a r g e d  w i t h   d i s c r e t e   s o l i d  m a t e r i a l   5 .  

The  p o i n t s   a t   w h i c h   the   p a s s a g e s   2  and  3  open  i n t o  

t h e   b o t t o m   of  t he   p l a t e   1  a r e   s u f f i c i e n t l y   c l o s e   t o g e t h e r   t o  

come  w i t h i n   the   mou th   a r e a   of   a  c o n t a i n e r   6.  The  c o n t a i n e r  

6  i s   l o c a t e d   in  a  r e c e s s   7  in   a  c a r r i e r   8  w h i c h   i s   d i s -  

p l a c c a b l e   f o r   c a r r y i n g   the   c o n t a i n e r   to  t he   i l l u s t r a t e d  

p o s i t i o n   and  c a r r y i n g  i t   away  f rom  t h a t   p o s i t i o n   a f t e r   a 

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

the   c o n t a i n e r .   The  b o t t o m   s u r f a c e   o f   p l a t e   1  has   a n  

a n n u l a r   s e a l i n g   r i n g   9.  A f t e r   a r r i v a l   o f  t h e   c o n t a i n e r   6 

a t   t h e   f i l l i n g   s t a t i o n   a  p i n   10  i s   l i f t e d   so  t h a t   t h e   p i n  

p u s h e s   t he   mouth   of   t he   c o n t a i n e r   a g a i n s t   such   s e a l i n g  

r i n g .  

The  d i s c r e t e   m a t e r i a l   in  t he   h o p p e r   4  h a s   f r e e   a c c e s s  

i n t o   t he   d e l i v e r y   p a s s a g e   2  b u t   g i v e n   t h e   c r o s s - s e c t i o n a l  

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

d i s c r e t e   m a t e r i a l   o c c u p y i n g   t he   p a s s a g e   to  s l i d e   down  t h e  

p a s s a g e   u n d e r   g r a v i t y .   A f t e r   p o s i t i o n i n g   a  c o n t a i n e r   6 

in   t he   i l l u s t r a t e d   p o s i t i o n   r e a d y   f o r   r e c e i v i n g   a  p r e -  
d e t e r m i n e d   q u a n t u m   of   the   d i s c r e t e   m a t e r i a l ,   a i r   i s  

a s p i r a t e d   f rom  the   i n t e r i o r   of   t h e   c o n t a i n e r   v i a   t h e  

e x h a u s t   p a s s a g e   3  and  a  v a c u u m   p i p e   11  w h i c h   c o m m u n i c a t e s  

w i t h   t h a t   p a s s a g e   and  i s   c o n n e c t e d   to  a  vacuum  pump  o r  



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

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

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

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

p r o p a g a t e d   i n t o   t he   c o n t a i n e r .   The  vacuum  s y s t e m   i s  

a d j u s t e d   to  c a u s e   a  p r e d e t e r m i n e d   q u a n t i t y   of  m a t e r i a l   t o  

be  d r awn   i n t o   the  c o n t a i n e r   6.  The  c o r r e c t   a d j u s t m e n t  

can  be  e s t a b l i s h e d   on  t he   b a s i s   of  s i m p l e   t e s t s .  

I f   the   v a c u u m   s y s t e m   i s   s e t   so  t h a t   t he   a s p i r a t e d  

m a t e r i a l   c o m p l e t e l y   f i l l s   t he   c o n t a i n e r   and  f o r m s   a  s m a l l  

s u r f a c e   heap   w h i c h   t o u c h e s   t he   b o t t o m   end  of  t he   d e l i v e r y  

p a s s a g e   2,  any  momentum  of  the   m a t e r i a l   in  t he   d e l i v e r y  

p a s s a g e   2  is  t h e r e b y   d e s t r o y e d .   When  the   f i l l e d   c o n t a i n e r  

i s   r e m o v e d   f rom  t h e   f i l l i n g   s t a t i o n   the   p a s s a g e   2  r e m a i n s  

f u l l   of  d i s c r e t e   m a t e r i a l .  A   n e g l i g i b l e   n u m b e r   ( i f   a n y )  

of   g r a i n s   f a l l   f r o m   t he   l o w e r   end  of  p a s s a g e   2  as  t h e  

f i l l e d   c o n t a i n e r   i s   r e m o v e d .   I f   on  the   o t h e r   hand   t h e  

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

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

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

the   u p p e r   p a r t   of   t h e   c o n t a i n e r   6  b e c a u s e   of   t he   r e s i d u a l  

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

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

i f   t he   p a s s a g e  2   h a s   a  s h a l l o w   g r a d i e n t   and  i s   of  v e r y  
s m a l l   c r o s s - s e c t i o n   as  h e r e i n a f t e r   e x e m p l i f i e d .   Such  d i s -  

c h a r g e   by  r e s i d u a l   momen tum  can  be  a l l o w e d   f o r   in  t h e  

s e t t i n g   of  t he   v a c u u m   s y s t e m ,   i f   n e c e s s a r y .  

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

d e l i v e r y   p a s s a g e   2  a t   a  p r e d e t e r m i n e d   moment   can  b e  

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

b e t w e e n   the  i n t e r i o r   of   t he   c o n t a i n e r   and  a t m o s p h e r e .   T h i s  

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

vacuum  s y s t e m   so  t h a t   t h e   v a c u u m   p i p e   11  i s   u n c o n n e c t e d  

w i t h   the   c o v e r   p l a t e   1  and  moves   ou t   of   r e g i s t r a t i o n   w i t h  



t he   a i r   e x h a u s t   p a s s a g e   3  a t  a   p r e d e t e r m i n e d   moment  s o  t h a t  

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

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

The  g r a d j e n t   of   t he   d e l i v e r y   p a s s a g e   2  i s   open   to  c h o i c e  

h a v i n g   r e g a r d   to  the   min imum  a n g l e   of  f r i c t i o n   b e t w e e n   t h e  

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

of   the   p a s s a g e .   I t   i s   p r e f e r a b l e   f o r   t he   d e l i v e r y   p a s s a g e  

to  have   a  t r u e   and  s m o o t h   s u r f a c e .   A  v e r y   s a t i s f a c t o r y   f o r m  

of   p a s s a g e   is   one  c o n s t i t u t e d   by  a  b o r e   in  a  body   of   s t a i n l e s s  

s t o e l .  

The  d e l i v e r y   p a s s a g e  2   may  be  a t   a  s t e e p e r   a n g l e   t h a n  

t h a t  s h o w n ,  f o r   e x a m p l e   a t   60°  to  the   h o r i z o n t a l ,   p a r t i c u l a r l y  

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

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

any  c a s e   t he   d e l i v e r y   p a s s a g e   i s   a r r a n g e d   so  t h a t   t h e r e   i s  

no  v e r t i c a l   f l ow  p a t h   t h r o u g h   the   p a s s a g e   f rom  i t s   e n t r y   e n d  

to  i t s   e x i t   e n d .  

In  p r e f e r r e d   e m b o d i m e n t s   of  the   i n v e n t i o n   the   a p p a r a t u s  

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

i n  F i g .  1,  the   p a s s a g e   b e i n g   i n c l i n e d   a t   l e s s   t h a n   40°  t o  

the  h o r i z o n t a l .  

F i g s .  2   and  3,  in  w h i c h   p a r t s   i d e n t i c a l   w i t h   p a r t s   i n  

F i g .   1  a r e   d e s i g n a t e d   by  t he   same  r e f e r e n c e   n u m e r a l s ,   s h o w  

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

m a t e r i a l   d e l i v e r y   p a s s a g e .  I n   F i g .   2  a  d e l i v e r y   p a s s a g e   12 

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

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

a d j a c e n t   i t s   e x i t   e n d .   The  h o r i z o n t a l   p o r t i o n   o f   t h e  

d e l i v e r y   p a s s a g e   g i v e s   m a t e r i a l   in   t he   p a s s a g e   a  s o m e w h a t  

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

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

momentum.   H o w e v e r   f a l l   of   g r a i n s   f rom  the   b o t t o m   e n d  

p o r t i o n   of   the   p a s s a g e   u n d e r   g r a v i t y   may  o c c u r .   Wi th   a  

v e r y   s m a l l   b o r e   any  s u c h   g r a v i t y   d i s c h a r g e   w i l l   be  s l i g h t .  



A  v a c u n m  t u e   13  i s   s h o w n  w h i c h   i s   m o v e a b l e   ou t   o f  

r e g i s t r a t i o n   w i t h   the   a i r   e x h a u s t   p a s s a g e  3   f o r   i n s t a n t l y  

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

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

vacuum  t u b e   13  and  the   p l a t e   1  to  a v o i d   p r o b l e m s   a s s o c i a t e d  

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

The  a p p a r a t u s   shown  in  F i g .   3  c o r r e s p o n d s   w i t h   t h a t  

shown  in  F i g .  2   e x c e p t   t h a t   i t s   m a t e r i a l   d e l i v e r y   p a s s a g e   1 4 ,  

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

the  r e m a i n d e r   of  the  p a s s a g e   is  d o w n w a r d l y   i n c l i n e d   a t   a n  

a c u t e   a n g l e   to  the  h o r i z o n t a l .   The  v e r t i c a l   o r i e n t a t i o n   o f  

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

of'  m a t e r i a l   i n t o   t he   p a s s a g e   f rom  the   s u p e r i m p o s e d   h o p p e r .  

R e f e r e n c e   w i l l   now  be  made  to  F i g s .  4   to  8.  T h e s e  

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

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

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

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

The  c a p s u l e   f i l l i n g   m a c h i n e   has   c a p s u l e   h a n d l i n g  

m e c h a n i s m   o p e r a t i v e   to  open   t he   c a p s u l e s   to  be  f i l l e d   a n d  

to  r e - u n i t e   t he   c a p s u l e   p a r t s   ( t h e   c h a r g e - r e c e i v i n g   p a r t s  

and  t he   c l o s u r e   p a r t s )   in   the   same  p a i r s   a f t e r   f i l l i n g  

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

The  c a p s u l e - h a n d l i n g   m e c h a n i s m   w i l l   be  d e s c r i b e d   f i r s t ,  

w i t h   r e f e r e n c e   to  F i g s .   4  and  5.  T h i s   m e c h a n i s m   c o m p r i s e s  

a  f i r s t   r o t a t a b l e   c a r r i e r   15  in  t he   form  of  a  t u r n t a b l e  

h a v i n g   a  p l u r a l i t y   of  g r o u p s   of  c a p s u l e - r e c e i v i n g   a p e r t u r e s  
16  a r r a n g e d   a t   i n t e r v a l s   in   t he   m a r g i n   t h e r e o f .   In  t h e  

e m b o d i m e n t s   shown  in  t he   d r a w i n g   t h e r e   a r e   f o u r   a p e r t u r e s  

in  each   g r o u p   and  t h e r e   a r e   t w e n t y   f o u r   g r o u p s   b u t   t h e  

n u m b e r   of  g r o u p s   and  a p e r t u r e s   in  a  g r o u p   may  be  v a r i e d  

i f   d e s i r e d .   Each  of  the   a p e r t u r e s   e x t e n d s   t h r o u g h  

the   c a r r i e r   15,  the   l o w e r   p a r t   17  of  each   a p e r t u r e   b e i n g   o f  

r e d u c e d   d i m e n s i o n s   so  as  to  form  an  a n n u l a r   s h o u l d e r   1 8 .  



The  c a r r i e r   15  i s   d i s p o s e d   h o r i z o n t a l l y   and  i s   r o t a t a b l e  

a b o u t   a  v e r t i c a l   a x i s   1 9 .  

A  s e c o n d   r o t a t a b l e   c a r r i e r   20,  a l s o  i n   the  fo rm  of  a 

t u r n t a b l e ,   i s   l o c a t e d   a d j a c e n t   and  p a r t l y   b e l o w   the   f i r s t  

c a r r i e r   15,  the   s e c o n d   c a r r i e r   a l s o   b e i n g   r o t a t a b l e   a b o u t  

a  v e r t i c a l   a x i s   21  p a r a l l e l   w i t h   t he   a x i s   19.  A  s e r i e s  

of'  c i r c u l a r   o p e n i n g s   22,  ( s i x   in  t he   p r e s e n t   e m b o d i m e n t ) ,  

a r e   p r o v i d e d   in   t he   c a r r i e r   20  a t   s p a c e d   i n t e r v a l s   in  t h e  

m a r g i n   t h e r e o f   and  each   o p e n i n g   22  a c c o m m o d a t e s   a  d i s c   2 3  

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

the   c a r r i e r   2 0 .  

Each  d i s c   has  f o u r   a p e n t u r e s   24  f o r m e d   t h e r e i n ,   t h a t  

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

Group   in  c a r r i e r   15,  and  e a c h   of   t he   a p e r t u r e s   24  i s  

a d a p t e d   to  r e c e i v e   the   l o w e r   h a l f   ( t h e   c h a r g e - r e c e i v i n g  

p a r t )   of   a  c a p s u l e .  

A  cam  25  i s   l o c a t e d   b e l o w   the   c a r r i e r   20  b u t   i s   n o t  

r o t a t a b l e   t h e r e w i t h .   Cam  f o l l o w e r s   26  a r e   p r o v i d e d   on  a n d  

b e l o w   e a c h   d i s c ,   e a c h   cam  f o l l o w e r   h a v i n g   two  o p p o s i t e l y  

d i s p o s e d   c o n c a v e   s u r f a c e s   27,  28  f o r   c o - o p e r a t i n g   w i t h  

cam  25  and  two  o p p o s i t e l y   d i s p o s e d   p i n s   29,  30  f o r   c o -  

o p e r a t i n g   w i t h   a  cam  31  w h i c h   i s   b o l t e d   to  t he   cam  2 5 .  

A  p i l l a r   32  s u p p o r t s   a  c a n t i l e v e r   arm  33.  The  f r e e  

end  of   t h i s   arm  s u p p o r t s   a  f i l l i n g   a n d   v a c u u m   head   ( to   b e  

d e s c r i b e d   in   d e t a i l   w i t h   r e f e r e n c e   to  F i g s .   6  to  8)  in   a  

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

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

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

The  f i r s t   and  s e c o n d   c a r r i e r s   15  and  20  a r e   s t e p p e d  

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

c a p s u l e - r e c e i v i n g   a p e r t u r e s   16  of   the   f i r s t   c a r r i e r   by  

m e a n s  k n o w n   p e r   se ,   a t   a  s t a t i o n   u p s t r e a m   of  a  c a p s u l e  

o p e n i n g   s t a t i o n   OS  ( F i g .   4)  w h o r e   the   g r o u p s   of   c a p s u l e -  

r e c e i v i n g   a p e r t u r e s   f i r s t   a r r i v e   o v e r   c a r r i e r   20,  i n  



r e g i s t e r   w i t h  a   g r o u p   of  a p e r t u r e s   24  in  one  of  t h e  

d i s c s   23.  In  the   i n t e r v a l   b e t w e e n   the   s t e p p i n g   m o v e m e n t s  

of  t h e   c a r r i e r s ,   vacuum  m e a n s ,   known  p e r   se ,   a r e   a p p l i e d  

b e l o w   the   a p e r t u r e s   24  a t   s t a t i o n   OS  to  d raw  the   c h a r g e -  

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

the   a p e r t u r e s   24  in  the   u n d e r l y i n g   d i s c   23.   The  u p p e r  

h a l v e s   ( c l o s u r e   p a r t s )   of   the   c a p s u l e s   a r e   r e t a i n e d   i n  

a p e r t u r e s   16  by  v i r t u e   of  the   s h o u l d e r s   1 8 .  

The  two  c a r r i e r s   a r e   t h e n   moved  c l o c k w i s e   t h r o u g h   a 

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

15  m o v e s   o v e r   c a r r i e r   20  and  i n t o   r e g i s t r a t i o n   w i t h   t h e  

a p e r t u r e s   in  the   n e x t   d i s c   23  in  c a r r i e r   20,  a t   s t a t i o n   OS.  

As  can  be  s een   f rom  F i g .   4  two  c o c k w i s e   s t e p s   o f  

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

p a r t s   f rom  the   s t a t i o n   OS  w h e r e   t h e y   a r e   t r a n s f e r r e d   t o  

c a r r i e r   20,   t o '  t h e   f i l l i n g   s t a t i o n   FS.  D u r i n g   m o v e m e n t   o f  

e a c h   d i s c   23,  l o a d e d   w i t h   c h a r g e - r e c e i v i n g   c a p s u l e   p a r t s ,  

f rom  s t a t i o n   OS  to  the   c a p s u l e   f i l l i n g   s t a t i o n   FS,  such   d i s c  

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

r e l a t i v e   to  c a r r i e r   20.  T h i s   t u r n i n g   i s   e f f e c t e d   by  c o -  

o p e r a t i o n   b e t w e e n   the   cam  31  and  t he   p i n s   29,   30  on  t he   cam 

f o l l o w e r   26  w h i c h   i s   a s s o c i a t e d   w i t h   t h a t   d i s c .   D u r i n g   t h e  

m o v e m e n t   of  t he   d i s c   f rom  s t a t i o n   FS  to  a  c a p s u l e   c l o s i n g  

s t a t i o n   CS  one  of   the   c o n c a v e   s u r f a c e s   27,  28  o f   t he   cam 

f o l l o w e r   26  r i d e s   on  an  edge   p o r t i o n   of   cam  25  w h i c h   i s  

c o n c e n t r i c   w i t h   c a r r i e r   20  so  t h a t   t he   o r i e n t a t i o n   of  t h e  

d i s c   r e l a t i v e   to  the   s e c o n d   c a r r i e r   20  r e m a i n s   u n c h a n g e d  

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

c a p s u l e   p a r t s   a t   the   c a p s u l e   c l o s i n g   s t a t i o n   CS  c o i n c i d e s  

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

by  c a r r i e r   15.  The  p u r p o s e   of   tile  d e s c r i b e d   t u r n i n g  

m o v e m e n t   of  each   d i s c   23  r e l a t i v e   to  c a r r i e r   20  i s   t o  

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

by  t he   d i s c   a r r i v e s   a t   t he   c a p s u l e   c l o s i n g   s t a t i o n   CS 



c a c h   c h a r g e d   c a p s u l e   p a r t   will  he  in  r e g i s t e r   w i t h   t h e  

particular  c l o s u r e   p a r t   f rom  w h i c h   i t   was  s e p a r a t e d   a t   t h e  

c a p s u l e   o p e n i n g   s t a t i o n .   M o r e o v e r   t he   two  c a p s u l e   p a r t s  

will  be  in  t h e i r   o r i g i n a l   r a l a t i v e   o r i e n t a t i o n s   a b o u t   t h e  

c a p s u l e   a x i s .  T h e   p r e s e r v a t i o n   of  the   c a p s u l e   p a r t s   i n  

t h e i r   o r i g i n a l   p a i r s   in  the   same  r e l a t i v e   o r i e n t a t i o n   i s   o f  

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

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

At  the   c l o s i n g   s t a t i o n   CS,  t he   two  h a l v e s   of  e a c h  

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

( n o t   shnwn)   to  c a u s e   the   c h a r g e d   c a p s u l e   p a r t s   to  b e  

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

p a r t s   on  the   c a r r i e r   1 5 .  

A n g u l a r   a d j u s t m e n t   of  the   c a r r i e r s   15  and  20  may  b e  

e f f e c t e d   by  p i n   and  s l o t   means   34,  3 5 .  

F u r t h e r   c l o c k w i s e   m o v e m e n t   of   t h e   f i r s t   c a r r i e r   15  

b r i n g s   t he   f i l l e d   c l o s e d   c a p s u l e   to  a  s t a t i o n   ( n o t  m a r k e d )  

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

An  i n n e r   s e r i e s   of   g r o u p s   of  h o l e s   36  may  be  p r o v i d e d  

in  t h e   c a r r i e r   15  a t   p o s i t i o n s  s u c h   t h a t   e a c h   such   g r o u p  

m o v e s   i n t o   r e g i s t e r   w i t h   the   a p e r t u r e s   i n   a  d i s c   2 3  

a f t e r   r e m o v a l   of   t he   c h a r g e d   c a p s u l e s   t h e r e f r o m   so  t h a t  

s u c h   a p e r t u r e s   can  be  c l e a n e d   by  means   o f   a i r - b l a s t s   o r  

t h e   l i k e   d e l i v e r e d   v i a   t he   s a i d   h o l e s .  

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

15  in   c o r r e c t   o r i e n t a t i o n   can  be  a c h i e v e d   a u t o m a t i c a l l y   b y  

l o a d i n g   m e c h a n i s m   known  p e r   s e .  

The  c a p s u l e   f i l l i n g   s y s t e m   w i l l   now  be  d e s c r i b e d   w i t h  

r e f e r e n c e   to  F i g s .   6  to  8 .  

An  a p e r t u r e   37  i s   p r e s e n t   n e a r   t he   f r e e   end  of   the   a r m  

33.   T h i s   a p e r t u r e   a c c o m m o d a t e s   t he   o u t l e t   end  p o r t i o n   o f  

a  h o p p e r   38  and  a  f u n n e l   b l o c k   39  in  w h i c h   t h e r e   a r e   f o u r  

f e e d w a y s   40  f o r   the  d i s c r e t e   m a t e r i a l   w h i c h   d e s c e n d s   f r o m  

the   h o p p e r .   The  o u t l e t   end  of  t he   h o p p e r   i s   in  t h r e a d e d  



e n g a g e m e n t   w i t h   a  s u r r o u n d i n g   p l a t e   41  w h i c h   i s   s e c u r e d   t o  

the   top  f a c e   of   t he   arm  by  b o l t s   42.   The  f u n n e l   b l o c k   3 9  

is   c l a m p e d   b e t w e e n   t he   o u t l e t   mouth   of   t he   h o p p e r   and  a  

f u n n e l   s u p p o r t i n g   p l a t e   43  w h i c h   i s   s e c u r e d   to  t he   b o t t o m  

f a c e   of  the   arm  by  b o l t s   44.  S e a l i n g   r i n g s   45  a r e   i n t e r -  

p o s e d   b e t w e e n   t h e   p l a t e   43  and  the   f u n n e l   b l o c k   to  f o r m  

s e a l s   a r o u n d  t h e   f e e d w a y s   in  t he   b l o c k .  

A   b o t t o m   p l a t e   46  i s   s e c u r e d   to  p l a t e   43  by  s c r e w s   7 0  

( F i g .   8 ) .   An  end  p l a t e   47  i s   s e c u r e d   to  one  s i d e   e d g e   f a c e  

of   t he   c a n t i l e v e r   arm  33  by  s c r e w s   48.  The  b o t t o m   p l a t e  

l o c a t e s   s e a l i n g   r i n g s   49  f o r   m a k i n g   s e a l i n g   c o n t a c t   w i t h  

the   month   of   t he   c h a r g e - r e c e i v i n g   p a r t s   of   t he   c a p s u l e s  

when  t h e y   a r e   r a i s e d   a t   t he   c a p s u l e   f i l l i n g   s t a t i o n   F S  

( F i g .   4)  as  h e r e i n b e f o r e   d e s c r i b e d .   The  s e a l i n g   r i n g s   a r e  

s e c u r e d   e . g .   g l u e d ,   to  a  p l a . t e   50  ( h e r e a f t e r   c a l l e d   t h e  

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

p l a t e   43  and  t h e   b o t t o m   p l a t e   4 6 .  

The  p l a t e s   43  and   50  a r e   made  of   s t a i n l e s s   s t e e l   and  t h e y  

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

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

s y s t e m .   More  s p e c i f i c a l l y :   t he   f u n n e l   s u p p o r t i n g   p l a t e   4 3  

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

f a c e   and  t he   m o u t h s   o f   t he   g r o o v e s   a r e   c l o s e d   by  t h e  

i n t e r v e n i n g   p l a t e   50  to  fo rm  p a s s a g e s   51.  T h e s e   p a s s a g e s  
e x t e n d   o b l i q u e l y   a c r o s s   t h e  w i d t h   of   t he   c a n t i l e v e r   arm  3 3  

as  a p p e a r s   f r o m   t h e   u n d e r - p l a n   v i e w   ( F i g .   8 ) .   F o u r   b r a n c h  

p a s s a g e w a y s   52,  one  to  e a c h   of   t h e   p a s s a g e w a y s   51,  e x t e n d  

v e r t i c a l l y   f r o m   t h o s e   p a s s a g e w a y s   51  to  t he   b o t t o m   f a c e  

of   t he   i n t e r v e n i n g   p l a t e   50  a t   l o c a t i o n s   w i t h i n   t h e   a r e a s  
s u r r o u n d e d   by  t h e   s e a l i n g   r i n g s   49.   I n c l i n e d   d e l i v e r y  

p a s s a g e s   53  e x t e n d   t h r o u g h   the   two  p l a t e s   43  and  50  f o r  

c o n d u c t i n g   d i s c r e t e   s o l i d   m a t e r i a l   f rom  the   f e e d w a y s   40  i n  

the   f u n n e l   b l o c k   39  to  p o s i t i o n s   a l s o   w i t h i n   t he   a r e a s  
s u r r o u n d e d   by  t he   s e a l i n g   r i n g s   4 9 .  



The  f o u r   d e l i v e r y   p a s s a g e s   53  a r e   s t r a i g h t   p a s s a g e s  

w h i c h   a r e   i n c l i n e d   a t   an  a c u t e   a n g l e   to  t he   h o r i z o n t a l .  

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

p a s s a g e s   a r e   a t   an  a n g l e   to  t he   p l a n e s   o f   F i g s .   6  and  7  a n d  

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

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

The  s i d e   edge   f a c e   of   c a n t i l e v e r   arm  33  o p p o s i t e   t h e  

end  p l a t e   47  and  the   c o r r e s p o n d i n g   s i d e   edge   f a c e s   of  t h e  

p l a t e s   43  and  50  a r e   s h a p e d   as  shown  in  F i g .   7  to  c o n f o r m  

to  t he   c y l i n d r i c a l   s u r f a c e   of  a  v a c u u m   h e a d   54.  T h i s  

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

a x i s .   The  vacuum  h e a d   has   a  c e n t r a l   b l i n d   b o r e   55.  T h e  

and  of   t he   vacuum  h e a d   t h r o u g h   w h i c h   t he   b o r e   does   n o t  

e x t e n d   i s   c o n n e c t e d   to  one  end  of   a  s h a f t   56  ( F i g .   8)  w h i c h  

i s   c o u p l e d   to  a  r o t a r y   e l e c t r i c   s o l e n o i d   57  w h i c h   i s   a l s o  

s e c u r e d   to  t h e  c a n t i l e v e r   a rm  3 3 .  

A  v a c u u m   p i p e   58  f rom  a  v a c u u m   s o u r c e   ( n o t   s h o w n )  

p r o j e c t s   t h r o u g h   a  b r a c k e t   5 9  o n   t h e   c a n t i l e v e r   arm  33.  On 

a  t h r e a d e d   end  p o r t i o n   of   t h i s   p i p e   58  t h e r e   i s   s c r e w e d   a  

t u b u l a r   end  f i t t i n g   60  t he   b o r e   of   w h i c h   i s   c o - a x i a l   w i t h  

the   b o r e   55  in   t h e   v a c u u m   h e a d .   The  end  f i t t i n g   can  b e  

t u r n e d   to  a d j u s t   t h e   s i z e   of   an  a i r   gap  b e t w e e n   i t s   f r e e  

end  a n d - t h e   a d j a c e n t   end  of   t he   v a c u u m   h e a d   and  l o c k e d   i n  

p o s i t i o n   by  a  l o c k   n u t   61.  The  p r e s e n c e   of   the   a i r   g a p  
a v o i d s   p r o b l e m s   a s s o c i a t e d   w i t h   r e l a t i v e l y   s l i d i n g   s u r f a c e s .  

T h e r e   a r e   f o u r   r a d i a l   p a s s a g e s   62  in   t he   vacuum  h e a d  

54  w h i c h   e x t e n d   f r o m   the   b o r e   55  to  t he   p e r i p h e r a l   s u r f a c e  

of   t h e   h e a d .   The  f o u r   p a s s a g e s   62  a r e   l o c a t e d   so  t h a t   w h e n  

t h e   v a c u u m   h e a d   o c c u p i e s   t h e   p o s i t i o n   shown  in  F i g .   7  e a c h  

of   them  r e g i s t e r s   w i t h   one  of   t he   a i r   e x h a u s t   p a s s a g e s   5 1 .  

The  s o l e n o i d   57  o p e r a t e s   p e r i o d i c a l l y   to  o s c i l l a t e   t h e  

v a c u u m   h e a d   54  a b o u t   i t s   a x i s   so  t h a t   t he   vacuum  p a s s a g e s  
62  in  the   h e a d   move  i n t o   and  o u t   o f   t h a t   p o s i t i o n   o f  

r e g i s t r a t i o n   w i t h   t he   p a s s a g e s   51.  I t   w i l l   be  n o t e d   t h a t  



t h e r e   i s   a  s m a l l   c l e a r a n c e   b e t w e e n   the   vacuum  head   54  o n  

the   one  hand   and  the   c a n t i l e v e r   arm  33  and  p l a t e s   43  and  50  

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

s u r f a c e   w e a r .  

The  ends   of   the   a i r   e x h a u s t   p a s s a g e s   51  r e m o t e   f r o m  

the   vacuum  h e a d   c o m m u n i c a t e   w i t h   h o l e s   63  in  the   end  p l a t e  

47.  The  h o l e s   63  a r e   a c c u r a t e l y   f o r m e d   to  o b t a i n   t h e  

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

51.  But  i f   d e s i r e d  s u c h   h o l e s   can  be  p a r t i a l l y   c l o s e d   b y  

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

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

The  e n e r g i s i n g   c i r c u i t  o f   the   s o l e n o i d   57  c o n t a i n s   a 

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

cams  w i t h   the   s t e p w i s e   m o v e m e n t s   of   t he   c a p s u l e   c a r r i e r s  

15  and  20  so  t h a t   the   vacuum  h e a d   54  moves  i n t o   t he   e x t r e m e  

p o s i t i o n   s h o w n  i n   F i g .   7  d e t e r m i n e d   by  a  s t o p   ( n o t   s h o w n ) ,  

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

p o s i t i o n   a g a i n s t   the   s e a l i n g   r i n g s   49.  The  r e v e r s e  

m o v e m e n t   of  the   vacuum  h e a d ,  w h i c h   i s   a n t i - c l o c k w i s e   in  t h e  

a s p e c t   of  F i g .   7,  t a k e s   p l a c e   a f t e r   an  i n t e r v a l   of  t i m e  

d e t e r m i n e d   by  an  a d j u s t a b l e   t i m e r .   The  p e r i p h e r y   of'  t h e  

v a c u u m   head   i s   s h a p e d   w i t h   a  r e c e s s   64  so  t h a t   t h i s   r e v e r s e  

m o v e m e n t   of   t he   vacuum  h e a d   b r i n g s   t he   e x h a u s t   p a s s a g e s   51 

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

The  s a i d   r e v e r s e   m o v e m e n t   i s   t h r o u g h   a b o u t   2 5 °  a n d   i s  

t e r m i n a t e d   by  a  s e c o n d   s t o p   ( n o t   s h o w n ) .   At  t he   end  o f  

t h a t   m o v e m e n t   the   vacuum  p a s s a g e s   62  in  t he   v a c u u m   h e a d  

a r e   s t i l l   c l o s e   to  t he   a r c u a t e   s i d e   edge   f a c e   of   t h e  

c a n t i l e v e r   arm  33  and  t h e r e   i s   o n l y   a  v e r y   r e s t r i c t e d  

c o m m u n i c a t i o n   b e t w e e n   t h o s e   p a s s a g e s   62  and  a t m o s p h e r e .  

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

h e a d   c o n t r o l   a r e   of  a  c o n v e n t i o n a l   t y p e   and  n e e d   n o  

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



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

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

d e s c r i b e d   w i t h   r e f e r e n c e   to  F i g s .   4  to  8 .  

E x a m p l e  1  

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

w i t h   a  p h a r m a c e u t i c a l   p o w d e r   95%  by  w e i g h t   of  w h i c h   p a s s e s  

t h r o u g h   an  80  mesh  p e r   i n c h   s i e v e .   The  p o w d e r   had  v e r y  

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

The  i n c l i n e d   d e l i v e r y   p a s s a g e s   53  we re   c y l i n d r i c a l  

b o r e s   w i t h   a  d i a m e t e r   of  1 / 1 6   i n c h   and  a  l e n g t h   of 1 2  i n c h  

and  t hey   were   i n c l i n e d   a t   30°  to  the   h o r i z o n t a l .  

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

or  2  h o u r s   a t   a  f i l l i n g   r a t e   of   60  c y c l e s   p e r   m i n u t e ,  

c o r r e s p o n d i n g   w i t h   a  f i l l i n g   r a t e   of  240  c a p s u l e s   p e r  

m i n u t e .  

The  vacuum  p i p e   58  was  c o n n e c t e d   to  a  v e s s e l   in  w h i c h  

2 . 5 "   w a t e r   g a u g e   v a c u u m   was  c o n t i n u o u s l y   m a i n t a i n e d   b y  

means   of  a  vacuum  pump  a c t i n g   t h r o u g h   a  vacuum  r e s e r v o i r  

t a n k .   The  vacuum  s y s t e m   w a s  p r e - s e t   by  t r i a l   and  e r r o r  

to  c a u s e   as  n e a r l y   as  p o s s i b l e   260  m i l l i g r a m s   of  the   p o w d e r  

to  be  d r awn   i n t o   e a c h   c a p s u l e .   The  v o l u m e   of   such   a  d o s e  

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

i n c l i n e d   d e l i v e r y   p a s s a g e s   5 3 .  

The  p o w d e r   was  d i s p e n s e d   n o t   o n l y   w i t h   a  h i g h   d e g r e e  

of  a c c u r a c y   b u t   a l s o   v e r y   c l e a n l y .   The  a m o u n t   of   p o w d e r  

s p i l l e d   a t   the   f i l l i n g   s t a t i o n   d u r i n g   the   s a i d   p e r i o d   o f  

o p e r a t i o n   of   t he   m a c h i n e   was  n e g l i g i b l e .  

The  a c c u r a c y   of   f i l l i n g   o v e r   the   two  h o u r   p e r i o d  

( o v e r   28000   c a p s u l e s   f i l l e d )   was  a s s e s s e d   by  s t a n d a r d  

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

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

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

to  r a n g e   f rom  2 . 1 4 2   to  0 . 9 3 2   and  to  a v e r a g e   1 . 3 5 4 ,   w h i c h  

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



The  same  a p p a r a t u s   was  a l s o   u s e d   f o r   f i l l i n g   c a p s u l e s  

a t   a  s i m i l a r l y   h i g h   r a t e   w i t h   p o w d e r   of  50  mesh  95%  g r a i n  

s i z e .   A  c o e f f i c i e n t   of  v a r i a t i o n   r a n g i n g   f rom  1 . 4 6   t o  

0 . 8 5   and  a v e r a g i n g   1 . 0 6 7   was  a c h i e v e d .   T h i s   a l s o   r e p r e s e n t s  

a  v e r y   h i g h   d o s a g e   a c c u r a c y .  

E x a m p l e   2 

E x a m p l e   1  was  r e p e a t e d   w i t h   h o w e v e r   the   m o d i f i c a t i o n  

t h a t   the   v a c u u m   s y s t e m   was  a d j u s t e d   to  c a u s e   a  s m a l l e r  

q u a n t i t y   of  t he   p o w d e r   to  be  d i s p e n s e d   i n t o   c a p s u l e s   of   t h e  

same  s i z e .   In  c o n s e q u e n c e   the   c a p s u l e s   were   o n l y   p a r t i a l l y  

f i l l e d .   F o l l o w i n g   t e r m i n a t i o n   of  the   a s p i r a t i n g   f o r c e   a n d  

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

s t a t i o n   the  d e l i v e r y   p a s s a g e s   53  r e m a i n e d   f u l l   of   g r a i n s .  

The  a m o u n t   of   m a t e r i a l   f a l l i n g   f rom  the  p a s s a g e s   u n d e r  

g r a v i t y   b e t w e e n   f i l l i n g   o p e r a t i o n s   was  n e g l i g i b l e .  



1.  A p p a r a t u s   f o r   use   in  d i s p e n s i n g   d i s c r e t e   s o l i d   m a t e r i a l  

i n t o   a  c o n t a i n e r ,   c o m p r i s i n g   means   f o r   s u p p o r t i n g   an  o p e n -  

t o p p e d   c o n t a i n e r ,   c o v e r   means   a d a p t e d   to  make  a i r - t i g h t  

s e a l i n g   c o n t a c t   w i t h   t he   m o u t h   of   s u c h   c o n t a i n e r ,   an  a i r -  

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

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

of   t he   c o n t a i n e r ,   and  a i r - e x t r a c t i o n   means   a s s o c i a t e d   w i t h  

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

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

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

r e l a t i v e   to  t he   v e r t i c a l   t h a t   t h e r e   i s   no  v e r t i c a l   f l o w  

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

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

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

d o w n w a r d l y   i n c l i n e d   a t   an  a c u t e   a n g l e   to  t he   h o r i z o n t a l .  

3.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   2,  w h e r e i n   t he   s a i d  

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

a n g l e   to  t h e   h o r i z o n t a l   o v e r   i t s   e n t i r e   l e n g t h .  

4.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   2  or  3,  w h e r e i n   s a i d  

a c u t e   a n g l e   i s   l e s s   t h a n   4 0 ° .  

5.  A p p a r a t u s   a c c o r d i n g   to  any  p r e c e d i n g   c l a i m ,   w h e r e i n  

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

a  c r o s s - s e c t i o n a l   a r e a   o f   n o t   more  t h a n   .05   s q u a r e   i n c h e s .  

6.  A p p a r a t u s   a c c o r d i n g   to  any  p r e c e d i n g   c l a i m ,   w h e r e i n  

s a i d   d e l i v e r y   p a s s a g e   i s   b e t w e e n   1 4"  and  2"  i n c h e s   in   l e n g t h .  

7.  A p p a r a t u s   a c c o r d i n g   to  any  p r e c e d i n g   c l a i m ,   w h e r e i n  

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

a  c o v e r   f o r   c o v e r i n g   the   mouth   of  a  c o n t a i n e r   to  be  f i l l e d ,  

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



8.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   7,  w h e r e i n   a  p l u r a l i t y  

of   s a i d   m a t e r i a l   d e l i v e r y   p a s s a g e s   and  a  p l u r a l i t y   o f  

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

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

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

9.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   8,  w h e r e i n   two  o r   m o r e  

s a i d   a i r - e x h a u s t   p a s s a g e s   a r e   f o r m e d   in  p a r t   by  a  common  

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

c h a n n e l .  

10.  A p p a r a t u s   a c c o r d i n g   to  any  p r e c e d i n g   c l a i m ,   w h e r e i n  

the   a i r - e x t r a c t i o n   means   i n c l u d e   a  s u c t i o n   h e a d   h a v i n g   a t  

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

f o r   e x e r t i n g   s u c t i o n   f o r c e s ,   and  w h e r e i n   t h e r e   i s   means   f o r  

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

the   or   e a c h   s a i d   s u c t i o n   p a s s a g e   moves   i n t o   and  o u t   o f  

r e g i s t r a t i o n   w i t h   t h e   or   a  s a i d   a i r - e x h a u s t   p a s s a g e  

e x t e n d i n g   t h r o u g h   s a i d   c o v e r   m e a n s .  

11.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   10,  w h e r e i n   s a i d   s u c t i o n  

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

a x i s .  

12.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   10  or   11,  w h e r e i n   t h e r e  

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

a d j a c e n t   end  o f   t h e   o r   e a c h   s a i d   a i r - e x h a u s t   p a s s a g e .  

13.  A  m e t h o d   of   d i s p e n s i n g   d i s c r e t e   s o l i d   m a t e r i a l   i n t o  

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

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

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

a s p i r a t i n g   a i r   f r o m  t h e   c o n t a i n e r   v i a   s a i d   e x h a u s t   p a s s a g e  
to  draw  m a t e r i a l   i n t o  t h e   c o n t a i n e r ,   c h a r a c t e r i s e d   by  t h e  

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

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

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

f o l l o w i n g   r e s t o r a t i o n   o f   a t m o s p h e r i c   p r e s s u r e   a t   t he   e x i t   end  o f  



said  de l ive ry   p a s s a g e   i t   r e m a i n s   f i l l e d   o v e r  a t   l e a s t   p a r t   o f  

i t s  l e n g t h   by  d i s c r e t e   s o l i d   m a t e r i a l   w h i c h   has   e n t e r e d   s a i d  

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

to  be  s u c k e d   i n t o   a n o t h e r   c o n t a i n e r .  

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

c o n t a i n e r   by  p l a c i n g   the   c o n t a i n e r   in   s e a l e d   c o m m u n i c a t i o n  

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

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

a s p i r a t i n g   a i r   f rom  t he   c o n t a i n e r   v i a   s a i d   e x h a u s t   p a s s a g e  
to  d raw  m a t e r i a l   i n t o   t he   c o n t a i n e r ,   c h a r a c t e r i s e d   in   t h a t  

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

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

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

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

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

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

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

r e a c h   and  c l o s e   t he   e x i t   end  o f   s a i d   d e l i v e r y   p a s s a g e ,  
w h e r e a f t e r   t h e   c o n t a i n e r   i s   r e m o v e d   t h e r e b y   e x p o s i n g   t h e  

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

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

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

15.  A  m e t h o d   a c c o r d i n g   to  c l a i m   13,  w h e r e i n   s a i d  

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

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

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

t h e   e x i t   end  of   s a i d   d e l i v e r y   p a s s a g e .  
16.  A  m e t h o d   a c c o r d i n g   to  a n y   o f   c l a i m s   13  to  15,  w h e r e i n  

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

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

17.  A  m e t h o d   a c c o r d i n g   to  any   o f   c l a i m s   13  to  16,  w h e r e i n  

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

l e s s   t h a n   1  g r a m .  



1 8 .  A   m e t h o d   a c c o r d i n g   to  any  of  c l a i m s   13  to  1 7 ,  

p e r f o r m e d   in  a p p a r a t u s   a c c o r d i n g   to  any  of  c l a i m s   2  t o  

1 2 .  
















	bibliography
	description
	claims
	drawings
	search report

