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©  High  pressure  gas  cartridge. 
©  A  high  pressure  gas  cartridge  with  a  double  safety  device, 
comprises  a  sealing  plate  (2)  with  a  safety  mechanism  (21) 
and  a  gas  regulator  (3)  which  is  provided  at  a  nearer  portion 
than  the  sealing  plate  (2)  in  the  passage  (11)  forthe  gas.  Gas  is 
charged  in  the  body  (1)  speedily  through  a  clearance  (32) 
between  the  sealing  plate  (2)  or  the  gas  regulator  (3)  and  the 
body  (1).  The  safety  mechanism  (21)  acts  when  the  inner 
pressure  rises  excessively  and  checks  the  cartridge  from  rup- 
turing  or  moving  by  letting  the  gas  escape  gradually.  The  gas 
regulator  (3)  regulates  the  gas  flow  to  an  amount  which  is 
enough  for  actuating  a  device  or  devices  using  the  gas  but 
which  does  not  make  the  cartridge  move  or  fly  by  reaction 
when  the  sealing  plate  (2)  has  broken  and  the  gas  becomes 
free  for  flowing  out. 
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 A high pressure gas cartridge with a double safety device, 
comprises  a  sealing  plate  (2)  with  a  safety  mechanism  (21) 
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than  the  sealing  plate  (2) in  the  passage  (11) forthe  gas.  Gas is 
charged  in  the  body  (1)  speedily  through  a  clearance  (32) 
between  the  sealing  plate  (2)  or the  gas  regulator  (3)  and  the 
body  (1).  The  safety  mechanism  (21)  acts  when  the  inner 
pressure  rises  excessively  and  checks  the  cartridge  from  rup- 
turing  or  moving  by  letting  the  gas  escape  gradually.  The  gas 
regulator  (3)  regulates  the  gas  flow  to  an  amount  which  is 
enough  for  actuating  a  device  or  devices  using  the  gas  but 
which  does  not  make  the  cartridge  move  or  fly  by  reaction 
when  the  sealing  plate  (2)  has  broken  and  the  gas  becomes 
free  for  flowing  out. 



A  h i g h   p r e s s u r e   gas   c a r t r i d g e   may  move  or  f l y   i n  

r e a c t i o n   to  e s c a p e   of  gas   from  w i t h i n   when  t h e  

c a r t r i d g e   is  in  d i s t r i b u t i o n   or  in  use ,   and  t h i s   i s  

v e r y   d a n g e r o u s .   C a u s e s   of  moving  or  f l y i n g   of  s u c h   a 

c a r t r i d g e   i n c l u d e   the  f o l l o w i n g .   A  f i r s t   is  t he   c a s e  

when  the   c a r t r i d g e   has  been  th rown   i n t o   a  f i r e   and  t h e  

s e a l i n g   p l a t e   has  e x p l o d e d   due  to  e x c e s s i v e   i n n e r  

p r e s s u r e .   A  s e c o n d   is  when  the  s e a l i n g   p l a t e   has   b e e n  

p i e r c e d   by  a  b o y ' s   m i s c h i e f   w i th   a  n a i l .   A  t h i r d   i s  

when  a  c a r t r i d g e   is  r emoved   from  a  p i e r c i n g   d e v i c e  

w i t h   some  gas  r e m a i n i n g   in  i t .   The  p r e s e n t   i n v e n t i o n  

r e l a t e s   to  h i g h   p r e s s u r e   gas   c a r t r i d g e s   wh ich   a re   s a f e  

in  such   c o n d i t i o n s .  

J P - B - 5 7 ( 1 9 8 2 ) - 5 4 6 7 9   d i s c l o s e s   a  high  p r e s s u r e   g a s  

c a r t r i d g e   w i t h   a  s a f e t y   d e v i c e .   The  d e v i c e '   i s  

p r o v i d e d   w i t h   a  s m a l l   chamber   hav ing   an  o r i f i c e   u n d e r  

the   s e a l i n g   p l a t e ,   and  is   so  p l a n n e d   as  no t   to  p r o d u c e  

a  r o c k e t i n g   or  j e t t i n g   gas  s t r e a m ,   as  the   gas   i s  

t h r o t t l e d   by  t he   o r i f i c e   when  i t s   t e m p e r a t u r e   b e c o m e s  

h i g h   and  the  s e a l i n g   p l a t e   is  b r o k e n .   The  o r i f i c e ,  

h o w e v e r ,   has  an  o b j e c t   to  a l l o w   the  gas  to  f l o w  



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

t e m p e r a t u r e .   Hence   t h e   d e v i c e   is  i m p r a c t i c a l   as  t h e  

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

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

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

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

p i e r c e d ,   i f   t h i s   t y p e   of   d e v i c e   is  to  be  u s e d  

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

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

T h i s   i s   a l s o   i m p r a c t i c a l .  

J P - B - 5 8 ( 1 9 8 3 ) - 2 7 4 3 9   d i s c l o s e s   a  gas  c a r t r i d g e   h a v i n g  

an  o r i f i c e   in  an  o p e n i n g .   I n t e r e s t   i s   d i r e c t e d   o n l y  

to  c o n t r o l l i n g   q u a n t i t y   of  f l o w   of  g a s .   I n s u f f i c i e n t  

c o n s i d e r a t i o n   h a s   b e e n   g i v e n   to  the  t a s k   of   c h a r g i n g  

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

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

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

h i g h .  

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

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

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

s a v e d   f r o m   r u p t u r e   of   t h e   c a r t r i d g e   body   when  t h e  

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



move  or  f l y   in  r e a c t i o n   even   i f   t he   s e a l i n g   p l a t e   h a s  

been   p i e r c e d   m a n u a l l y   and  t he   i n n e r   g a s   can  f l o w   o u t  

f r e e l y   i n t o   a t m o s p h e r e ,   and  w h i c h   in  g e n e r a l   use  c a n  

a l l o w   gas   to  be  d i s c h a r g e d   a t   a  u s e f u l   f l o w   r a t e ,   b y  

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

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

t he   f o r c e   to  be  e x e r t e d   on ,   and  t h e   s t r o k e   of  a  

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

A  f u r t h e r   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   is  to  a l l o t  

t he   s a f e t y   f u n c t i o n   to  t he   s a f e t y   d e v i c e   of  t h e  

s e a l i n g   p l a t e   when  t he   i n n e r   p r e s s u r e   has   i n c r e a s e d  

e x c e s s i v e l y   and  to  a  g a s   r e g u l a t o r   when  the   i n n e r   g a s  

f l o w s   f r e e l y   a f t e r   t he   s e a l i n g   p l a t e   h a s   been   b r o k e n .  

The  f o r e g o i n g   o b j e c t s   and  o t h e r   o b j e c t s   as  w e l l   as  t h e  

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

more   a p p a r e n t   and  more   r e a d i l y   u n d e r s t a n d a b l e   by  t h e  

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

r e a d   in  c o n j u n c t i o n   w i t h   t he   a c c o m p a n y i n g   d r a w i n g s .  

The  d r a w i n g s   show  e m b o d i m e n t s   of  t he   p r e s e n t  

i n v e n t i o n ,   and  t h r o u g h o u t   t he   d r a w i n g s ,   t he   s a m e  

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



F i g . 1   i s   a  s i d e   v i e w   w h i c h   shows  one  form  of  o p e n i n g  

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

i s   e m b o d i e d   and  w h i c h   is   s e c t i o n e d   a l o n g   the   l i n e   A-A 

of   F i g . 2 ,   t h a t   p a r t   of   t he   f i g u r e   to  t h e   r i g h t   of   t h e  

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

l e f t   of   t h e   c e n t r e   l i n e   shows  them  a f t e r   t h e   s e a l i n g  

p l a t e   i s   j o i n e d   to  t h e   b o d y .  

F i g . 2   i s   a  p l a n   v i e w   of  F i g . I   w i t h   t he   s e a l i n g   p l a t e  

r e m o v e d .  

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

F i g . l ,   w h i c h   i s   s e c t i o n e d   a l o n g   t h e   l i n e   B-B  of   F i g . 4 .  

F i g . 4   i s   a  p l a n   of   F i g . 3   w i t h   t he   s e a l i n g   p l a t e  

r e m o v e d .  

F i g . 5   i s   a  s e c t i o n e d   s i d e   v iew  of  a  f u r t h e r   e m b o d i m e n t  

s i m i l a r   to   F i g . l .  

F i g . 6   i s   a  s e c t i o n e d   s i d e   v iew  of  a  f u r t h e r   e m b o d i m e n t  

s i m i l a r   to   F i g . l .  



F i g . 7   is  a  s i m i l a r   s e c t i o n a l   s i d e   v i e w   of   a  f u r t h e r  

e m b o d i m e n t .  

F i g . 8   is   a  s i m i l a r   s e c t i o n a l   s i d e   v i e w   of  a  f u r t h e r  

e m b o d i m e n t .  

F i g . 9   is  a  s i d e   v iew  s i m i l a r   to  F i g . l ,   s e c t i o n e d   a l o n g  

t h e   l i n e   C-C  of  F i g . 1 0 ,   and  in  w h i c h   a  f i l t e r   i s   u s e d  

as  a  r e g u l a t o r .  

F i g . 1 0   i s   a  p l a n   w i t h   t h a t   p a r t   of  t h e   s e a l i n g   p l a t e  

b e l o w   t h e   c e n t r e   l i n e   r e m o v e d .  

F i g . l l   i s   a  s i d e   v i ew   of  a  f u r t h e r   e m b o d i m e n t   s i m i l a r  

to  F i g . l   in  wh ich   t h o s e   p o r t i o n s   of  t h e   s e a l i n g   p l a t e  

and  t h e   r e g u l a t o r   to  t he   r i g h t   of  t h e   c e n t r e   l i n e   a r e  

n o t   s e c t i o n e d .  

F i g . 1 2   i s   a  p l a n   w i t h   t h a t   p a r t   of  t h e   s e a l i n g   p l a t e  

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

F i g . 1 3   i s   a  s e c t i o n e d   s i d e   v i e w   s i m i l a r   to  F i g . l   of  a  

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

of  a  p o r t i o n   w i t h   an  o r i f i c e   and  a  f i l t e r   p o r t i o n .  



1  i s   a  b o d y   of   c a p a c i t y   l e s s   t h a n   1 0 0 c c   and  i n t o   t h e  

b o d y   1  a  h i g h   p r e s s u r e   g a s ,   s u c h   as  C02  or  02 ,   i s  

c h a r g e d .   T h e r e   a r e   two  t y p e s   of   t he   body   1,  one  o f  

w h i c h   h a s   a  s h o u l d e r   12  on  t h e   i n n e r   w a l l   a r o u n d   a n  

o p e n i n g   11  ( s e e   F i g s . 1 , 3 , 5   and  9)  and  the   o t h e r   h a s   n o  

s u c h   s h o u l d e r   ( s e e   F i g s . 6 , 7 , 8 , 1 1   and  1 3 ) .  

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

h a v i n g   a  r e c e s s   21  o p e r a b l e   to  v e n t   t h e   i n n e r   p r e s s u r e  

t h r o u g h   a  h a i r   c r a c k   when  the   i n n e r   p r e s s u r e   r i s e s  

e x c e s s i v e l y .   T h e r e   a r e   two  t y p e s   of   s e a l i n g   p l a t e   2 ,  

one   o f   w h i c h   h a s   a  c i r c u l a r   l e g   22  on  i t s   u n d e r s i d e  

( s e e   F i g s . 1 , 3 , 5 , 6 , 8 , 9 , 1 1   and  13)  and  t h e   o t h e r   h a s   n o  

s u c h   c i r c u l a r   l e g   ( s e e   F i g . 7 ) .  

T h e s e   s e a l i n g   p l a t e s   2  a r e   a l l   p u t   on  t he   end  f a c e   13  

of  t h e   o p e n i n g   11  of   t h e   body   1.  Gas  i s   c h a r g e d   i n t o  

t h e   b o d y   1  t h r o u g h   a  c l e a r a n c e   f o r m e d   b e t w e e n   t h e   b o d y  

1  and   t he   s e a l i n g   p l a t e .   The  c l e a r a n c e   i s   f o r m e d  

e i t h e r   by  m e a n s   o f   r a d i a l   p r o t r u s i o n s   23  o f   t h e  

s e a l i n g   p l a t e   2  or  of   r a d i a l   g r o o v e s   14  in  t h e   e n d  

f a c e   13  o f   t h e   body   1.  A f t e r   t h e   body   1  h a s   b e e n  

c h a r g e d   w i t h   g a s ,   t h e   s e a l i n g   p l a t e   2  i s   j o i n e d   o n t o  



the   body   1,  as  b e f o r e ,   s u c h   as  by  w e l d i n g   or  b y  

c a l k i n g .  

3  i s   a  r e g u l a t o r   fo r   r e g u l a t i n g   gas   f l o w   t h r o u g h   i t .  

The  body  1  is  p r o v i d e d   w i t h   t h e   r e g u l a t o r   3  a t   t h e  

i n n e r   s i d e   of  the   s e a l i n g   p l a t e   2  and  in  a  gas   f l o w  

p a t h .   The  r e g u l a t o r   3  h a s   an  o r i f i c e   31  w h i c h   i s  

o p e r a b l e   to  t h r o t t l e   gas   f l o w   a t   t he   n o r m a l  

t e m p e r a t u r e   w i t h i n   t h e   b o d y   1  so  as  no t   to  move  o r  

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

e m i s s i o n ,   and  a l s o   f o r m s   a  c l e a r a n c e   32  fo r   f l o w   o f  

c h a r g i n g   gas   a r o u n d   i t s e l f   w i t h i n   t he   body   1.  The  

r e g u l a t o r   3  may  be  a  p l a t e ,   b u t ,   in  t h e   e x a m p l e s   s h o w n  

in  t h e   d r a w i n g s ,   t he   r e g u l a t o r   3  t a k e s   t h e   form  of  a  

c y l i n d e r   h a v i n g   a  b o t t o m   w a l l   33  and  a  s i d e   w a l l   3 4 .  

The  c l e a r a n c e   32  may  t a k e   v a r i o u s   f o r m s .   One  form  o f  

c l e a r a n c e   32  is   b e t w e e n   t h e   p e r i p h e r y   of   t he   r e g u l a t o r  

3  and  the   i n n e r   w a l l   of  t h e   body   1  ( s e e   F i g s . 6   to  8 ,  

11  to   1 3 ) .   A n o t h e r   i s   b e t w e e n   r a d i a l   r i b s   35  and  t h e  

i n n e r   w a l l   of  the   body  1  ( s e e   F i g s . l   to  5 , 9 , 1 0 ) .   T h e  

c l e a r a n c e   32  may  be  f o r m e d   by  r a d i a l   g r o o v e s .   At  a l l  

e v e n t s   i t   i s   d e s i r a b l e   f o r   t h e   c l e a r a n c e   32  to  b e  

f o r m e d   when  the   r e g u l a t o r   3  i s   p l a c e d   in  t he   body  1 .  



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

r e g u l a t o r ,   s u c h   as  to  p u t   t h e   r e g u l a t o r   on  t h e  

s h o u l d e r   12  of  t h e   b o d y   1  ( s e e   F i g s . 1 , 3 , 5 , 9 ) ,   to   c a r r y  

i t   by  c a l k i n g   t h e   l o w e r   end  of  t he   c i r c u l a r   l e g   22  o f  

t h e   s e a l i n g   p l a t e   2  ( s e e   F i g . 6 ) ,   to  u n i t e   t h e  

r e g u l a t o r   3  and  t h e   s e a l i n g   p l a t e   2  as  one  body   by  a  

s o l d e r e d   p o r t i o n   41  by  w h i c h   t he   r e g u l a t o r   3  i s  

s o l d e r e d   d i r e c t l y   to  t h e   s e a l i n g   p l a t e   2  ( F i g . 7 ) ,   t o  

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

a p e r t u r e   f o r m e d   by  t h e   c i r c u l a r   l e g   22  of   t h e   s e a l i n g  

p l a t e   2  ( s e e   F i g s . 8   and  1 3 ) ,   to  f i x   the   r e g u l a t o r   t o  

t h e   s e a l i n g   p l a t e   in  a  b o d y   ( F i g . 1 1 ) ,   e t c .  

F i g . 8   s h o w s   a  f i l t e r   51  s u p p o r t e d   a g a i n s t   t h e  

u n d e r s i d e   of  t h e   o r i f i c e   31  so  t h a t   t he   o r i f i c e   31  m a y  

n o t   be  c l o g g e d   w i t h   r e s i d u a l   s w a r f   in  t he   b o d y .   T h e  

f i l t e r   51  d o e s   n o t   h a v e   a  r e g u l a t i n g   f u n c t i o n  

c o r r e s p o n d i n g   to  t h a t   d e s c r i b e d   fo r   the   o r i f i c e   3 1 .  

T h o u g h   s u c h   a  f i l t e r   i s   n o t   shown  in  F i g s . l   to  7,  t h e  

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

a t   t h e   u n d e r s i d e   o f   t h e   o r i f i c e   in  each   of   t h o s e  

e m b o d i m e n t s .  



A  f i l t e r ,   w h i c h   i s   e s s e n t i a l l y   d i f f e r e n t   f rom  t h e  

f i l t e r   51  of  t h e   e m b o d i m e n t   of  F i g . 8 ,   is   u sed   as  a  g a s  

f l o w   r e g u l a t o r   in  the   e m b o d i m e n t s   of  F i g s .   9  to  1 3 .  

The  f i l t e r   i s   of  t he   c o n t i n u o u s   foam  t y p e ,   and  t h e  

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

g a s .   The  f i l t e r   r e g u l a t e s   gas   f l o w ,   e i t h e r   a l o n e   o r  

in  c o m b i n a t i o n   w i t h   t he   o r i f i c e   31,  s u c h   t h a t   t h e  

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

w h i c h   u s e s   t he   gas   ( f o r   e x a m p l e   an  o x y g e n   i n h a l e r )   b u t  

i s   n o t   e n o u g h   to  move  t h e   c a r t r i d g e   by  r e a c t i o n   e v e n  

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

has   b e e n   b r o k e n   and  t h e   g a s   can   f l o w   o u t   f r e e l y .  

F i g . 1 3   shows  a  r e g u l a t o r   3  w h i c h   c o n s i s t s   of  a  

c y l i n d e r   p o r t i o n   3b  w i t h   t h e   o r i f i c e   31  and  a  f i l t e r  

p o r t i o n   3a .   Of  c o u r s e   t h e   r e g u l a t e d   g a s   f l ow  t h r o u g h  

b o t h   p o r t i o n s   i s   d e t e r m i n e d   as  s t a t e d   a b o v e .   In  t h i s  

c a s e   t he   f i l t e r   p o r t i o n   3a  can   be  t h i n n e r   t h a n   in  t h e  

e m b o d i m e n t s   of   F i g s . 9   and  11.  When  t h e   body  has   b e e n  

c h a r g e d   w i t h   gas   and  the   s e a l i n g   p l a t e   2  has   b e e n  

j o i n e d   to  t he   body  1,  i t   i s   n e c e s s a r y   in  s e v e r a l  

e m b o d i m e n t s   to  bar   d i r e c t   a c c e s s   f rom  the   i n t e r i o r   o f  

t h e   body  1  to  t he   l i m i t e d   r e c e s s   21  of  t h e   s e a l i n g  

p l a t e   t h r o u g h   the   c l e a r a n c e   32,   in  o r d e r   to  e n s u r e  

t h a t   t he   r e g u l a t o r   3  f u n c t i o n s   as  i t   s h o u l d .  



T h e r e f o r e ,   in  t h e   e m b o d i m e n t   of  F i g . l ,   t h e   t op   of   t h e  

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

s e a l i n g   p l a t e   2.  In  t h e   e m b o d i m e n t   of  F i g . 3 ,   t h e  

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

o n t o   t h e   o u t e r   p e r i p h e r y   of   the   c i r c u l a r   l e g   22,  a n d  

in  t h e   e m b o d i m e n t s   of   F i g s . 5   and  9,  t h e   l o w e r   p o r t i o n  

of   t h e   c i r c u l a r   l e g   22  i s   p r e s s e d   i n t o   t he   r e g u l a t o r  

3 .  

When  u s i n g   the   c a r t r i d g e s   shown  in  the   d r a w i n g s ,   a f t e r  

t h e   c a r t r i d g e   h a s   b e e n   a t t a c h e d   to  a  p i e r c i n g   d e v i c e ,  

i t   w i l l   be  s u f f i c i e n t   to  p i e r c e   the   s e a l i n g   p l a t e   2 

o n l y .   A l s o ,   by  e m p l o y i n g   a  m a t e r i a l   f o r   t h e   r e g u l a t o r  

w h i c h   a  n e e d l e   N  can   p i e r c e   r e a d i l y ,   as  in  t h e  

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

to  t h e   n e e d l e   and  t h e   s t r o k e   of  t h e   n e e d l e   can   b e  

m i n i m i z e d .   A  r e q u i r e d   q u a n t i t y   of   gas   i s   t a k e n   o u t  

f rom  w i t h i n   t h e   b o d y ,   t h r o u g h   the   r e g u l a t o r ,   b y  

p i e r c i n g .  

When  t h e   c a r t r i d g e   i s   o v e r h e a t e d ,   s ay   by  t h r o w i n g   i n t o  

f i r e   in  e r r o r   or   by  a  f i r e ,   t he   gas   w i t h i n   t h e   body   1 

e x p a n d s   and  t h e   p r e s s u r e   i n c r e a s e s .   At  a  c e r t a i n  

p r e s s u r e ,   t he   s e a l i n g   p l a t e   2  b e g i n s   to  bend   o u t w a r d l y  

and  a  h a i r   c r a c k   t h r o u g h   t h e   b o t t o m   of  t h e   l i m i t e d  



r e c e s s   21  f o r m s .   The  gas   in  the   body  b e g i n s   to  f l o w  

o u t   g r a d u a l l y   t h r o u g h   the   c r a c k   and  an  e x p l o s i o n   o f  

the   body  1  i s   a v o i d e d .   A l s o   when ,   a t   t he   n o r m a l  

t e m p e r a t u r e ,   the   s e a l i n g   p l a t e   2  is   p i e r c e d   b y  

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

d e v i c e   w i t h   some  gas   r e m a i n i n g   in  i t   t h e   r a t e   o f  

e s c a p e   of  gas   is  k e p t   f i x e d   by  the   r e g u l a t o r   3  so  t h a t  

t he   c a r t r i d g e   d o e s   no t   f l y   and  damage   i s   no t   c a u s e d   t o  

men  and  b e a s t s   or  s t r u c t u r e s .  

The  d i a m e t e r   of  the   o r i f i c e   31  r e q u i r e d   to  a v o i d   t h e  

c a r t r i d g e   t a k i n g   o f f   i s ,   in  t he   c a s e   of   C02  g a s  

c a l c u l a t e d   as  f o l l o w s .  

C a l c u l a t i n g   c o n d i t i o n  

S u b j e c t   w o r k s :  

C a l c u l a t i o n   ( p r o v i d e d   t h a t   P:  p r e s s u r e   K g / c m 2 ,  



d:  d i a m e t e r  

mm,  f :   i n i t i a l   q u a n t i t y   of  f l o w   l / s   a n d  

c h a r g i n g   r a t i o   1 . 3 4 )  



From  the   above   c a l c u l a t i o n ,   t he   d i a m e t e r   of  t h e  

o r i f i c e   31  is  d e d u c e d   as  f o l l o w s .  

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

31  r e q u i r e d   to  a v o i d   t h e   c a r t r i d g e   t a k i n g   o f f ,   even  i f  

t h e   s e a l i n g   p l a t e   i s   b r o k e n   by  a  r i s e   in  t e m p e r a t u r e ,  

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

t h o u g h   i t   is   n o t   l i m i t e d   to  t he   c o n c l u s i o n s   of  t h e  

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

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

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

r i s e s   e x c e s s i v e l y   i s   l e f t   to  a  c r a c k   t h r o u g h   t h e  

r e c e s s   21,  the  d i a m e t e r   of  t h e   o r i f i c e   31  of  t h e  

r e g u l a t o r   3  and  the   s i z e   of   t h e   i n t e r s t i c e s   of  t h e  

f i l t e r   can  be  s e l e c t e d   so  t h a t   t h e y   can   s e c u r e  



e f f e c t i v e   q u a n t i t y   o f   g a s   f l o w   a t   the  u s u a l  

t e m p e r a t u r e .  

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

a b o u t   0.6mm  in  t h e   c a s e   of   0.3mm 2  as  an  e x a m p l e   a m o n g  

s e c t i o n a l   a r e a s   of   t h e   o r i f i c e   from  0 . 0 3 - 0 . 3 m m 2 ,   w h i c h  

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

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

a p p r o x i m a t e l y   60g  of   C02  g a s   in  a  c a r t r i d g e   h a v i n g   a  

c a p a c i t y   of   95cc   was  a b o u t   3 .4   s e c o n d s ,   w h e r e   t h e  

d i a m e t e r   of   t h e   o r i f i c e   was  0.6mm,  and  was  1 . 4   s e c o n d s  

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

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

c l e a r a n c e   32  b e t w e e n   t h e   r e g u l a t o r   3  and  t h e   body   1 .  

I n d e e d ,   t h e   g a s   h a s   b e e n   c h a r g e d   more  q u i c k l y   by  t h e  

o r d e r   of  2 .4   t i m e s   or  m o r e .  



1.  A  h i g h   p r e s s u r e   gas   c a r t r i d g e   c o m p r i s i n g   a  b o d y  

(1)  to  be  c h a r g e d   w i t h   a  h i g h   p r e s s u r e   g a s ,   a  s e a l i n g  

p l a t e   (2)  w h i c h   i s   p r o v i d e d   w i t h   a  s a f e t y   d e v i c e   ( 2 1 )  

to  a c t   for   l e a k i n g   t h e   i n n e r   p r e s s u r e   when  i t   b e c o m e s  

e x c e s s i v e   and  w h i c h   s e a l s   an  o p e n i n g   (11)  of  the   b o d y  

(1)  a f t e r   t he   l a t t e r   has   been   c h a r g e d   w i t h   a  h i g h  

p r e s s u r e   g a s ,   and  a  g a s   r e g u l a t o r   (3)  s e t   on  the   i n n e r  

s i d e   of  the   s e a l i n g   p l a t e   (2)  and  e f f e c t i v e   on  t h e  

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

c l e a r a n c e   ( 3 2 ) ,   t h r o u g h   w h i c h   t he   body  (1)  is   c h a r g e d  

w i t h   g a s ,   is   f o r m e d   b e t w e e n   the   r e g u l a t o r   (3)  or  t h e  

s e a l i n g   p l a t e   (2)  and  t h e   body  ( 1 ) ,   and  t h a t   t h e  

r e g u l a t o r   (3)  is  a r r a n g e d   so  t h a t   t he   gas   f l o w   t h r o u g h  

i t   i s   s u f f i c i e n t   to  a c t u a t e   a  d e v i c e   or  d e v i c e s   w h i c h  

use   the   gas   in  o p e r a t i o n   bu t   w h i c h   i s   n o t   to  be  e n o u g h  

to  move  the   c a r t r i d g e   by  r e a c t i o n   even   i f   t h e  

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

b e e n   b r o k e n   and  t h e   g a s   can  f l o w   ou t   f r e e l y .  

2.  A  h i g h   p r e s s u r e   g a s   c a r t r i d g e   as  c l a i m e d   i n  

c l a i m   1,  w h e r e i n   s a i d   r e g u l a t o r   (3)  is   a  c y l i n d e r  

w h i c h   is   c l o s e d   a t   an  end  r e m o t e   from  the   s e a l i n g  

p l a t e   (2)  by  a  w a l l   (33)  h a v i n g   an  o r i f i c e   ( 3 1 )  

t h e r e i n ,   and  w h i c h   i s   c a r r i e d   on  a  s h o u l d e r   ( 1 2 )  



f o r m e d   on  t h e   i n s i d e   of   t h e   body   ( 1 ) ,   and  w h e r e i n   s a i d  

c l e a r a n c e   (32)  i s   s h u t   o f f   and  t h e   g a s   in  t h e   b o d y   i s  

b l o c k e d   f rom  a c c e s s   to  s a i d   s a f e t y   d e v i c e   (21)  of  s a i d  

s e a l i n g   p l a t e   ( 2 ) ,   b y p a s s i n g   s a i d   o r i f i c e   ( 3 1 ) ,   b y  

j o i n i n g   s a i d   s e a l i n g   p l a t e   (2)  o n t o   s a i d   body   ( 1 ) .  

3.  A  h i g h   p r e s s u r e   g a s   c a r t r i d g e   as  c l a i m e d   i n  

c l a i m   2,  w h e r e i n   s a i d   c l e a r a n c e   (32)  i s   s h u t   o f f   f r o m  

t h e   s a f e t y   d e v i c e   (21)  by  j o i n i n g   t h e   r e g u l a t o r   ( 3 )  

and  t h e   s e a l i n g   p l a t e   (1)  a r o u n d   the   s a f e t y   d e v i c e  

( 2 1 ) .  

4.  A  h i g h   p r e s s u r e   gas   c a r t r i d g e   as  c l a i m e d   i n  

c l a i m   2,  w h e r e i n   s a i d   c l e a r a n c e   (32)  i s   s h u t   o f f   f r o m  

t h e   s a f e t y   d e v i c e   (21)   by  p r e s s i n g   a  c i r c u l a r   l e g  

( 2 2 ) ,   w h i c h   s u r r o u n d s   t h e   s a f e t y   d e v i c e   ( 2 1 ) ,   i n t o   t h e  

r e g u l a t o r   ( 3 ) ,   t h r o u g h   t he   t o p   t h e r e o f .  

5.  A  h i g h   p r e s s u r e   gas   c a r t r i d g e   as   c l a i m e d   i n  

c l a i m   2,  w h e r e i n   s a i d   c l e a r a n c e   (32)  i s   s h u t   o f f   f r o m  

t h e   s a f e t y   d e v i c e   (21)  by  j o i n i n g   t h e   p e r i p h e r y   o f   a  

c i r c u l a r   l e g   ( 2 2 ) ,   w h i c h   s u r r o u n d s   t h e   s a f e t y   d e v i c e  

( 2 1 ) ,   and  t h e   a d j a c e n t   f a c e   o f   t h e   r e g u l a t o r   ( 3 ) .  



6.  A  h i g h   p r e s s u r e   gas   c a r t r i d g e   as  c l a i m e d   i n  

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

w h i c h   i s   c l o s e d   a t   an  end  r e m o t e   f rom  t h e   s e a l i n g  

p l a t e   (2)  by  a  w a l l   (33)  h a v i n g   an  o r i f i c e   ( 3 1 )  

t h e r e i n ,   and  w h i c h   i s   f i x e d   w i t h   r e s p e c t   to  t h e  

s e a l i n g   p l a t e   ( 2 ) ,   r ound   t he   s a f e t y   d e v i c e   ( 2 1 ) ,   a n d  

w h e r e i n   s a i d   c l e a r a n c e   (32)  i s   s h u t   o f f   and  the   gas   i n  

t he   body   is   b l o c k e d   from  a c c e s s   to   s a i d   s a f e t y   d e v i c e  

(21)  of  s a i d   s e a l i n g   p l a t e   ( 2 ) ,   b y p a s s i n g   s a i d   o r i f i c e  

( 3 1 ) ,   by  j o i n i n g   s a i d   s e a l i n g   p l a t e   (2)  o n t o   s a i d   b o d y  

( 1 ) .  

7.  A  h i g h   p r e s s u r e   gas   c a r t r i d g e   as  c l a i m e d   in  a n y  

one  of  c l a i m s   2 , 3 , 4 , 5   and  6,  w h e r e i n   s a i d   w a l l   ( 3 3 )  

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

( 2 ) ,   and  a  f i l t e r   (51)  fo r   d u s t   i s   s e t   in  t he   c a v i t y .  

8.  A  h i g h   p r e s s u r e   gas  c a r t r i d g e   as  c l a i m e d   i n  

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

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

c o n t i n u o u s   foam  t y p e   a d a p t e d   f o r   a  c e r t a i n   p r e s s u r e   o f  

the   gas   in  t he   body  ( 1 ) ,   and  w h i c h   i s   c a r r i e d   on  a  

s h o u l d e r   (12)  f o r m e d   on  the   i n s i d e   of   t h e   body  ( 1 ) ,  

and  w h e r e i n   s a i d   c l e a r a n c e   (32)  i s   s h u t   o f f   and  t h e  

g a s   in  the   body  (1)  is   b l o c k e d   f r o m   a c c e s s   to  s a i d  



s a f e t y   d e v i c e   (21)   of  s a i d   s e a l i n g   p l a t e   ( 2 ) ,  

b y p a s s i n g   s a i d   r e g u l a t o r   ( 3 ) ,   by  j o i n i n g   s a i d   s e a l i n g  

p l a t e   (2)  o n t o   s a i d   body  ( 1 ) .  

9.  A  h i g h   p r e s s u r e   g a s   c a r t r i d g e   as  c l a i m e d   i n  

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

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

c o n t i n u o u s   foam  t y p e   a d a p t e d   f o r   a  c e r t a i n   p r e s s u r e   o f  

t h e   g a s   in  t h e   b o d y   ( 1 ) ,   and  w h i c h   i s   f i x e d   w i t h  

r e s p e c t   to  t he   s e a l i n g   p l a t e   ( 2 ) ,   and  w h e r e i n   s a i d  

c l e a r a n c e   (32)  i s   s h u t   o f f   and  t h e   g a s   in  t h e   body   ( 1 )  

i s   b l o c k e d   f rom  a c c e s s   to  s a i d   s a f e t y   d e v i c e   (21)  o f  

s a i d   s e a l i n g   p l a t e   ( 2 ) ,   b y p a s s i n g   s a i d   r e g u l a t o r   ( 3 ) ,  

by  j o i n i n g   s a i d   s e a l i n g   p l a t e   (2)  o n t o   s a i d   body   ( 1 ) .  

10.  A  h i g h   p r e s s u r e   g a s   c a r t r i d g e   as  c l a i m e d   i n  

c l a i m   2  and  c l a i m   6,  w h e r e i n   s a i d   r e g u l a t o r   ( 3 )  

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

on  t h e   s i d e   of  i t s   w a l l   (33)  r e m o t e   f rom  t h e   s e a l i n g  

p l a t e   ( 2 ) ,   and  a  f i l t e r   (51)  w h i c h   i s   s e t   in  t h e  

c a v i t y   and  has   i n t e r s t i c e s   of   c o n t i n u o u s   foam  t y p e  

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

( 1 ) .  
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