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©  Closed  circuit  compressed  oxygen  breathing  device. 
©  A  portable  closed  circuit  compressed  oxygen  breathing 
device  20  for  emergency  use  that  provides  a  regulated  flow 
of  oxygen  under  pressure.  A  low  cost  container  26  forms  a 
breathing  chamber  30  and  an  integrally  formed  scrubber  28, 
and  has  an  injection  molded  plastic  cover  130  having 
connections  for  a  breathing  tube  34,  flow  regulator  38, 
admission  valve  assembly  40  and  relief  valve  36.  A  combined 
fill  passage  and  safety  relief  assembly  100,104  is  incorpo- 
rated  into  a  body  86  that  houses  a  pressure  gauge  98  and 
that  is  press  fit  onto  an  improved  pressure  regulating  valve 
assembly  22.  The  flow  regulator  and  admission  valve  control 
the  rate  of  flow  of  oxygen  to  the  breathing  chamber,  allowing 
rapid  filling  when  necessary. 
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T e c h n i c a l   F i e l d  

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

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

use   in  e m e r g e n c y   s i t u a t i o n s   where   s u f f i c i e n t   o x y g e n   i s  

n o t   a v a i l a b l e   or  t o x i c   f umes   a re   p r e s e n t .  

B a c k g r o u n d   A r t  

Many  f a t a l i t i e s   or  s e r i o u s   i n j u r i e s   f rom  f i r e s ,  

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

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

f u m e s ,   and  l a c k   of  o x y g e n ,   r a t h e r   t h a t   f r o m   b u r n s .   I n  

a  g r e a t   many  i n s t a n c e s ,   e s c a p e   wou ld   be  p o s s i b l e   i f   a  

p o r t a b l e   s u p p l y   of   o x y g e n   were   a v a i l a b l e   to  t h o s e   i n  

t h e   b u i l d i n g .   An  o x y g e n   s u p p l y   fo r   a  p e r i o d   of  f i f t e e n  

m i n u t e s   w o u l d   be  a d e q u a t e   in  the   v a s t   m a j o r i t y   of  i n s t a n -  

c e s .  

A  v a r i e t y   of   b r e a t h i n g   a p p a r a t u s e s   has   b e e n   p r o p o s e d ,  

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

c l o s e d   s y s t e m s   w h e r e   t h e   a i r   is  r e - b r e a t h e d .   The  s y s -  

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

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

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

d i o x i d e   f rom  t he   a i r   to  f a c i l i t a t e   r e - b r e a t h i n g .   O n e  

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

and  h a v i n g   a  one  h o u r   d u r a t i o n   i s   d i s c l o s e d   in  U .S .   P a t e n t  

No.  4 , 4 0 9 , 9 7 8 .   O t h e r   known  s y s t e m s   a r e   d e s c r i b e d   i n  

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

f o r e i g n   p a t e n t   d o c u m e n t s   is   r e f e r e n c e d .  

E x i s t i n g   b r e a t h i n g   d e v i c e s   do  n o t   m e e t   t h e   n e e d  

f o r   an  e s c a p e   b r e a t h i n g   d e v i c e   t h a t :   a)  is   i n e x p e n s i v e  

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

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



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

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

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

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

t h e   n e e d   f o r   m a i n t e n a n c e ;   and   d)  p r o v i d e s   an  a d e q u a t e ,  

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

of   a t   l e a s t   f i f t e e n   m i n u t e s .  

D i s c l o s u r e   of   I n v e n t i o n  

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

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

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

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

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

c a r b o n   d i o x i d e .   The  d e v i c e   i s  c o n s t r u c t e d   to   a l l o w  

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

t h e   n e e d   f o r   m a i n t e n a n c e .   T h e s e   f e a t u r e s   make  t h e   d e -  

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

h o m e s   and   t h e   l i k e ,   f o r   e a c h   o c c u p a n t .   The  d e v i c e   p r o -  

v i d e s   a  m i n i m u m   of   f i f t e e n   m i n u t e s   of   b r e a t h i n g ,   c an   b e  

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

r e l y   u p o n   a m b i e n t   a t m o s p h e r e   f o r   i n i t i a l   or  s u b s e q u e n t  

b r e a t h i n g   u s e ,   as  do  many  low  c o s t   c l o s e d   s y s t e m   d e v i c e s  

in  w h i c h   t h e   a i r   in  t h e   s y s t e m   i s   r e b r e a t h e d .  

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

o p e r a t i o n   a r e   due   to   an  i m p r o v e d   s u b - a s s e m b l y   o f   t h e  

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

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

z e s   f i t t i n g s   and  a r e a s   f o r   l e a k a g e ;   and  to   an  i m p r o v e d  

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

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

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

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

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

of   t h e   d e v i c e   u n d e r   n o r m a l   u s e .   A  m e c h a n i c a l l y   a c t u a t e d  



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

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

a t   a  h i g h   f l o w   r a t e   when  the   c h a m b e r   i s   e m p t y ,   as  when  

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

to   r e l y   on  b o t t l e d   o x y g e n   r a t h e r   t h a n   a m b i e n t   g a s ,   w h i c h  

may  c o n t a i n   h i g h   c o n c e n t r a t i o n s   of  smoke  or  o t h e r   t o x i c  

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

g a s   fo r   s u b s e q u e n t   r e b r e a t h i n g .   T h i s   i s   e s p e c i a l l y  

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

t h e   d e v i c e   b e f o r e   smoke  is  p r e s e n t .   T h i s   a r r a n g e m e n t  

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

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

An  i n e x p e n s i v e ,   c o m p a c t   c o n s t r u c t i o n   i s   p r o v i d e d  

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

p o r t ,   and  by  t he   p a r t i c u l a r   way  a  c o n t a i n e r   i s   f a b r i -  

c a t e d   to   fo rm  the   b r e a t h i n g   c h a m b e r   and  an  i n t e g r a l  

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

and  a l l o w s   t he   u s e   of  i n e x p e n s i v e   i n j e c t i o n   m o l d e d   a n d  

e x t r u d e d   p a r t s   and  u t i l i z e s   a  one  p i e c e   top   member  t o  

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

f o r   gas   i n - f l o w ,   b r e a t h i n g ,   p r e s s u r e   r e l i e f ,   and  t h a t  

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

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

The  a b o v e   and  o t h e r   f e a t u r e s   and  a d v a n t a g e s   of  t h e  

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

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

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

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

F i g u r e   1  i s   a  f r o n t   e l e v a t i o n a l   v i e w   of  a  c l o s e d  

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

t h e   p r e s e n t   i n v e n t i o n ;  

F i g u r e   2  is   a  s i d e   e l e v a t i o n a l   v i e w   of  t he   d e v i c e  

of  F i g u r e   1  as  v i e w e d   f rom  the   r i g h t   h a n d   s i d e ;  

F i g u r e   3  i s   a  top   e l e v a t i o n a l   v i e w   of   t h e - d e v i c e  

of  F i g u r e   1 ;  



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

t h e   l i n e   4 -4   o f   F i g u r e   3  l o o k i n g   in  t h e   d i r e c t i o n   o f  

t h e   a r r o w s ;  

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

t h e   l i n e   5 - 5   o f   F i g u r e   3  s h o w i n g   d e t a i l s   of  t h e   p r e s s u r e  

r e g u l a t o r ;  

F i g u r e   6  i s   a  s e c t i o n a l   v i e w   t a k e n   a l o n g   t h e   l i n e  

6 -6   o f   F i g u r e   5  s h o w i n g   d e t a i l s   o f   t h e   g a u g e ,   f i l l i n g  

p o r t   and   s a f e t y   p r e s s u r e   r e l i e f   p o r t ;  

F i g u r e   7  i s   a  p a r t i a l   e n l a r g e d   v i e w   of  t h e   f i l l i n g  

and   s a f e t y   r e l i e f   p o r t   of   F i g u r e   6,  w i t h   t he   p o r t   c l o s e d ;  

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

and   s a f e t y  r e l i e f   p o r t   o f   F i g u r e   7,  in  an  o p e n   or   f i l l i n g  

c o n d i t i o n ;  

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

c o n t a i n e r   o f   t h e   d e v i c e   of   F i g u r e   1 ;  

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

t h e   l i n e   1 0 - 1 0   of   F i g u r e   9  s h o w i n g   t h e   c o n s t r u c t i o n  

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

v a l v e ;  

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

t h e   l i n e   1 1 - 1 1   o f   F i g u r e   9  s h o w i n g   t h e   c o n s t r u c t i o n  

t h a t   h o u s e s   a  p r e s s u r e   r e l i e f   v a l v e ;  

F i g u r e   12  i s   a  b o t t o m   p l a n   v i e w   of   t he   c o v e r   s h o w n  

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

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

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

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

v a l v e ,   as   w e l l   as   t h e   f l e x i b l e   w a l l   of   t h e   b r e a t h i n g  

c h a m b e r ;  

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

a n g l e s   to   t h a t   of   F i g u r e   13,   i l l u s t r a t i n g   t h e   f l o w   c o n -  

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

r e l i e f   v a l v e ;   a n d  



F i g u r e   15  is   a  p a r t i a l   s e c t i o n a l   v i e w   s i m i l i a r   t o  

t h a t   of  F i g u r e   14,   b u t   s h o w i n g   a  m o d i f i e d   c o n s t r u c t i o n  

of  an  a d m i s s i o n   v a l v e   t h a t   a l s o   s e r v e s   as  a  f l o w   c o n t r o l .  

B e s t   Mode  fo r   C a r r y i n g   Out  t he   I n v e n t i o n  

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

ing  a p p a r a t u s   20  e m b o d y i n g   t h e   p r e s e n t   i n v e n t i o n   i s  

shown  in  t he   d r a w i n g s .   The  a p p a r a t u s   or  d e v i c e   b a s i c a l l y  

i n c l u d e s   a  p r e s s u r e   r e g u l a t i n g   v a l v e   a s s e m b l y   22  on  a  

b o t t l e   of   c o m p r e s s e d   o x y g e n   24,  t he   r e g u l a t i n g   v a l v e  

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

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

26  w i t h   w h i c h   t h e   b o t t l e   24  is   p a r t i a l l y   n e s t e d   a n d  

t h a t   h o u s e s   a  c h e m i c a l   a i r   s c r u b b e r   28  and  p r o v i d e s   a  

b r e a t h i n g   c h a m b e r   30 ,   t h e   c h a m b e r   i n c l u d i n g   a  f l e x i b l e  

w a l l   or  bag  32.  A  b r e a t h i n g   t u b e   34  c o m m u n i c a t e s   w i t h  

t h e   c o n t a i n e r   26  and  a  r e l i e f   v a l v e   36  f o r m e d   in  t h e  

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

c h a m b e r   30  to  a l l o w   e s c a p e   of  gas   i f   t he   p r e s s u r e   w i t h i n  

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

The  c o n t a i n e r   26  a l s o   h o u s e s   a  f l o w   r e g u l a t o r   38  a n d  

a d m i s s i o n   v a l v e   a s s e m b l y   40,  by  w h i c h   a  c o n s t a n t   f l o w  

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

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

f l o w   can   be  a c h i e v e d   when  a c t i v a t i n g   t h e   u n i t   or  i f   t h e  

demand   fo r   o x y g e n   e x c e e d s   t h a t   p r o v i d e d   by  t h e   f l o w  

r e g u l a t i o n .   A  g a u g e   b l o c k   42  and  c o m b i n e d   f i l l   v a l v e  

and  s a f e t y   v e n t   a s s e m b l y   42  c o o p e r a t e s   w i t h   t he   r e g u l a -  

t i n g   v a l v e   a s s e m b l y   22,  to  i n d i c a t e   t h e   p r e s s u r e   in  t h e  

b o t t l e   24,  to  f a c i l i t a t e   f i l l i n g   the   b o t t l e ,   and  t o  

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

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

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

u n i t   is  s u b j e c t e d   to   e x t r e m e   h e a t .  

In  u s e ,   t he   r e g u l a t i n g   v a l v e   a s s e m b l y   22  a l l o w s  

r e g u l a t e d   f l ow  of  o x y g e n   u n d e r   p r e s s u r e   when  a  h a n d  



w h e e l   or   knob   44  i s   r o t a t e d   to   o p e n   a  f l o w   o r i f i c e   4 6 ,  

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

r e g u l a t o r   and   a  t u b e   48  to   t h e   b r e a t h i n g   c h a m b e r   30  o f  

t h e   c o n t a i n e r   26  v i a   t h e   a d m i s s i o n  v a l v e   a s s e m b l y   4 0 ,  

w h i c h   i n i t i a l l y   i s   o p e n   b e c a u s e   t h e   f l e x i b l e   bag  32  i s  

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

a d m i s s i o n   v a l v e   a s s e m b l y   40  c l o s e s   and  f u r t h e r   f l o w   i s  

o n l y   t h r o u g h   t h e   f l o w   r e g u l a t o r   38  u n l e s s   t h e   v o l u m e   o f  

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

The  u s e r   i n h a l e s   and  e x h a l e s   t h r o u g h   t h e   b r e a t h i n g   t u b e  

34  d i r e c t l y   i n t o   and   f r o m   t h e   b r e a t h i n g   c h a m b e r   3 0 .  

C a r b o n   d i o x i d e   in   t h e   a i r   e x h a l e d   i s   r e d u c e d   by  t h e  

c h e m i c a l   a c t i o n   o f   t h e   s c r u b b e r   28,   and  a d d i t i o n a l   o x -  

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

i s   s u p p l i e d   f r o m   t h e   b o t t l e   24  a t   t h e   a p p r o p r i a t e   r a t e  

e s t a b l i s h e d   by  t h e   p r e s s u r e   r e g u l a t o r   and   f l o w   r e g u l a -  

t o r .   Any  b u i l d u p   o f   p r e s s u r e   by  v i r t u e   of   a  g r e a t e r  

f l o w   to   t h e   c h a m b e r   t h a n   i s   u t i l i z e d   by  t h e   u s e r   e s c a p e s  

t h r o u g h   t h e   r e l i e f   v a l v e   36 .   O t h e r w i s e ,   t h e   s y s t e m   i s  

e n t i r e l y   c l o s e d .   I t   w i l l   be  u n d e r s t o o d   t h a t   t h e   b r e a t h -  

i n g   t u b e   34  h a s   e i t h e r   a  f a c e   mask  or   m o u t h p i e c e   a n d  

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

( n o t   s h o w n )   to   l i m i t   b r e a t h i n g   by  t h e   u s e r   to   t h e   g a s  
w i t h i n   t h e   s y s t e m .  

W i t h   p a r t i c u l a r   r e f e r e n c e   to   F i g u r e   5,  t he   r e g u l a -  

t o r   v a l v e   a s s e m b l y   22  h a s   a  b a s e   member   50  w i t h   a  p a r -  

t i a l l y   t h r e a d e d   s t e m   52  r e c e i v e d   in  t h e   n e c k   of  t h e  

b o t t l e   24 ,   an  i n t e r m e d i a t e   r i n g   54  t h r e a d e d   to   and  s u r -  

r o u n d i n g   t h e   b a s e   member   50 ,   and  a  c o v e r   member   56  

t h r e a d e d l y   c o n n e c t e d   t o   t h e   i n t e r m e d i a t e   r i n g   54.   A 

d i a p h r a g m   58  i s   c l a m p e d   b e t w e e n   t h e   i n t e r m e d i a t e   r i n g  

and   t h e   c o v e r   m e m b e r .   The  r e s t r i c t i v e   o r i f i c e   46  o p e n s  

t h r o u g h   a  b o s s   60  w i t h i n   t h e   b a s e   member   50  a t   t he   e n d  

o f   a  c e n t r a l   p a s s a g e   62  t h r o u g h   t h e   s t e m   52.   A  c y l i n -  

d r i c a l   s k i r t   64  o f   t h e   d i a p h r a g m   s u r r o u n d s   t h e   b o s s   i n  



s e a l i n g   r e l a t i o n s h i p   to   an  0 - r i n g   65  to  fo rm  a  c h a m b e r  

66  on  one  s i d e   of  t he   d i a p h r a g m .   The  c o v e r   member   56  

f o r m s   a  s e c o n d   c h a m b e r   68  on  the   o p p o s i t e   s i d e   of  t h e  

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

w a l l   o f   t h e   c h a m b e r   68  is   s u b s t a n t i a l l y   l a r g e r   t h a n   t h e  

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

c h a m b e r   6 6 .  - T w o   a p e r t u r e s   70  e x t e n d   t h r o u g h   t h e   d i a p h r a g m ,  

c o m m u n i c a t i n g   b e t w e e n   t h e   c h a m b e r s   66,  68  and  p r o v i d i n g  

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

f i c e   61  to   t h e   c h a m b e r   68.  A  n i p p l e   72  p r o v i d e s   a  p o r t  

f r o m   t h e   c h a m b e r   68 ,   to  w h i c h   t h e   t u b e   48  i s   a t t a c h e d  

f o r   c a r r y i n g   gas   u n d e r   p r e s s u r e   f rom  t he   c h a m b e r   68  t o  

t he   b r e a t h i n g   c h a m b e r   3 0 .  

The  o r i f i c e   46  has   a  t a p e r e d   mouth   61  in  w h i c h   a  

s t e e l   b a l l   76  i s   r e c e i v e d   in   s e a l i n g   r e l a t i o n s h i p   w h e n  

s e a t e d   a g a i n s t   t he   m o u t h .   An  a n v i l   78  i s   c a r r i e d   b y  

t he   d i a p h r a g m   58  and  o p p o s e s   t he   b a l l .   When  t h e   p r e s s u r e  

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

F i g u r e   5,  t h e   a n v i l   is   s p a c e d   s u f f i c i e n t l y   a b o v e   t h e  

b a l l   and  s e a t   to  a l l o w   the   b a l l   to  be  u n s e a t e d   by  t h e  

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

r e s t r i c t i v e   o r i f i c e .   The  p r e s s u r e   d r o p   t h r o u g h   t h e  

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

c h a n g e s   t h e   o r i f i c e   s i z e   by  v a r y i n g   t he   d i s t a n c e   t h e  

b a l l   c a n   move  f rom  the   o r i f i c e   mou th   in  r e s p o n s e   to   t h e  

d i f f e r e n t i a l   p r e s s u r e   b e t w e e n   t h e   c h a m b e r s   66  and  6 8 .  

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

the   c h a m b e r   66  r e l a t i v e   to  t h e   d i a p h r a g m   a r e a   e x p o s e d  

to  t h e   c h a m b e r   68,  a  p r e s s u r e   d i f f e r e n t i a l   i s   m a i n t a i n e d  

in  e q u i l i b r i u m   on  o p p o s i t e   s i d e s   of  t he   d i a p h r a g m ,   w i t h  

the   p r e s s u r e   in  c h a m b e r   68  s u b s t a n t i a l l y   l o w e r   t h a n  

t h a t   in  c h a m b e r   6 6 .  

A  m a n u a l l y   a d j u s t a b l e   s t o p   80  is  p r o v i d e d   on  t h e  

end  o f   a  t h r e a d e d   s h a f t   82  in  t h e   c o v e r   member   56.   T h e  

s h a f t   i s   r o t a t e d   by  t he   knob   44.  To  c l o s e   t h e   o r i f i c e  



48  by  f o r c i n g   t h e   b a l l   76  i n t o   t h e   m o u t h   or  s e a t   61  b y  

m o v i n g   t h e   a n v i l   78  t o w a r d   t he   b o s s   60 .   The  a n v i l   78  

i s   m o v a b l e   r e l a t i v e   to   t he   d i a p h r a g m ,   b u t   a  f l a n g e   7 8 a  

t r a n s m i t s   m o v e m e n t   of   t h e   d i a p h r a g m   t o w a r d   t he   b o s s   6 0  

t o   t h e   a n v i l   7 8 .   The  d i a p h r a g m   w i t h   t h i s   a r r a n g e m e n t  

i s   n o t   f l e x e d   when  t h e   m a n u a l l y   a d j u s t e d   s t o p   80  f o r c e s  

t h e   a n v i l   a g a i n s t   t h e   b a l l   to   s e a l   t h e   r e s t r i c t i v e   o r i -  

f i c e   46  when   t h e   d e v i c e   i s   s t o r e d   and  n o t   in  u s e .   T h e  

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

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

t h e   s h a f t   82 .   An  0 - r i n g   84  on  t h e   c o v e r   56  e n c i r c l e d  

by  t h e   k n o b   44  s e r v e s   t h r o u g h   f r i c t i o n   to   p r e v e n t   k n o b  

r o t a t i o n   r e l a t i v e   to   t h e   c o v e r   due   to  v i b r a t i o n   or  t h e  

l i k e ,   w h i c h   m i g h t   o t h e r w i s e   r e s u l t   in  some  b a c k i n g   o f f  

of   t h e   s t o p   80  and  a c c o m p a n y i n g   l e a k a g e   of   p r e s s u r i z e d  

o x y g e n .  

The  g a u g e   b l o c k   42  i s   in  t h e   f o r m   of   an  a n n u l a r  

b o d y   86  w i t h   a  c e n t r a l   c y l i n d r i c a l   o p e n i n g   88  t h a t   r e -  

c e i v e s   t h e   s t e m   52  of  t h e   r e g u l a t i n g   v a l v e   a s s e m b l y   2 2 .  

For   t h a t   p u r p o s e ,   a  p o r t i o n   52a  o f   t h e   s t e m   is   u n t h r e a d e d  

and  o f   t h e   same  a x i a l   l e n g t h   as  t h e   t h i c k n e s s   or  h e i g h t  

o f   t h e   a n n u l a r   b o d y   86.   A  c r o s s   b o r e   90  t h r o u g h   t h e  

s t e m   52  i s   l o c a t e d   a p p r o x i m a t e l y   m i d w a y   a l o n g   t h e   s t e m  

p o r t i o n   5 2 a .  

T h e   c e n t r a l   o p e n i n g   88  of  t h e   body   86  p r o v i d e s   a  

c l e a r a n c e   f i t   w i t h   t he   s t e m   p o r t i o n   52a  and  t h e   body   i s  

r o t a t a b l e   t o   a d j u s t   i t s   p o s i t i o n   a b o u t   t h e   s t e m .   Two 

0 - r i n g s   92  a t   o p p o s i t e   e n d s   of   t h e   c e n t r a l   o p e n i n g   88  

and  on  o p p o s i t e   s i d e s   of   t h e   c r o s s   b o r e   90  p r o v i d e   s e a l s  

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

t h e   b o d y   86  and  t h e   s t e m   52.   The  body   86  is  s u b s t a n -  

t i a l l y   c l a m p e d   b e t w e e n   t h e   end  o f   t h e   b o t t l e   24  and  t h e  

b a s e   member   50  o f   t h e   p r e s s u r e   r e g u l a t i n g   v a l v e   a s s e m b l y .  

As  b e a t   s h o w n   in  F i g u r e   6,  a  t r a n s v e r s e   b o r e   9 4  

w i t h i n   t h e   b o d y   8-6  e x t e n d s   f r o m   t h e   c y l i n d r i c a l   c e n t r a l .  



o p e n i n g   88  to  a  p a s s a g e   96  in  t he   body  t h a t   h o u s e s   a  

h e l i c a l   p r e s s u r e   g a u g e   t u b e   98  and  a  t u b u l a r   f i t t i n g  

100  h a v i n g   a  c e n t r a l   p a s s a g e   101.   The  f i t t i n g   100  h a s  

a  t h r e a d e d   end  100a   and  c a r r i e s   a  t h r e a d e d   cap   102  w i t h  

a  f i l l i n g   p o r t   104  t h r o u g h   w h i c h   the   b o t t l e   24  can   b e  

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

102  i s   r e c e i v e d   in  a  c o u n t e r   b o r e   p o r t i o n   96a  of   t h e  

p a s s a g e   9 6 .  

The  t r a n s v e r s e   b o r e   94  c o m m u n i c a t e s   w i t h   t h e   p a s -  

s a g e   96  a t   a  t a p e r e d   p o r t i o n   a t   t he   end  of   t h e   c o u n t e r  

b o r e   96a  t h a t   f o r m s   a  m a n i f o l d   105  a b o u t   t he   f i t t i n g  

100 .   A  c r o s s   b o r e   106  c o m m u n i c a t e s   b e t w e e n -  t h e   m a n i -  

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

100 .   The  p r e s s u r e   g a u g e   t u b e   98  i s   b r a z e d   a t   one   e n d  

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

w i t h   t h e   c r o s s   b o r e   106 .   The  o p p o s i t e   end  i s   c l o s e d  

and  a n  i n d i c a t o r   108  i s   a t t a c h e d .   The  i n d i c a t o r   i s  

c o v e r e d   by  a  w i n d o w   110  c a r r i e d   by  the   body  86.   P r e s s u r e  

v a r i a t i o n s   in  t h e   t u b e   98  e x p a n d   or  a l l o w   c o n t r a c t i o n  

of  t h e   h e l i x ,   to   r o t a t e   t h e   i n d i c a t o r   108  a b o u t   t h e  

h e l i x   a x i s   and  t h e   i n d i c a t o r   108  shows   t he   p r e s s u r e  

w i t h i n   t h e   b o t t l e   24  on  a  s c a l e   1 0 9 .  

The  c ap   102  on  the   t h r e a d e d   end  100a   of  t h e   f i t t i n g  

p r o v i d e s   a  c h a m b e r   112 ,   as  b e s t   shown  in  F i g u r e s   7  a n d  

8,  a d j a c e n t   t he   o p e n   end  of   the   f i t t i n g .   A  m e t a l   b u r s t  

d i s k   a s s e m b l y   114  in  t he   c h a m b e r   112  s e r v e s   to  o b t u r a t e  

t h e   o p e n   end  and  p a s s a g e   101  t h r o u g h   t he   f i t t i n g   1 0 0  

when  c l a m p e d   a g a i n s t   t h e   end  116  by  the   cap   102 ,   a s  

i l l u s t r a t e d   in  F i g u r e   7.  The  b u r s t   d i s k   a s s e m b l y   1 1 4  

is   a  s a n d w i c h   c o n s t r u c t i o n   f o r m e d   of  a  cup  118 ,   a  f o i l  

d i s k   119  and  a  s e a l   120 ,   a l l   b r a z e d   t o g e t h e r   and  r e u s e -  

a b l e   i f   t h e   d i s k   has   n o t   b u r s t .  

When  t h e   cap   102  i s   r o t a t e d   to  c l a m p   the   d i s k   a s s e m -  

b l y   l14   t i g h t l y   a g a i n s t   t h e   end  116  of  t he   f i t t i n g   1 0 0 ,  

as  shown  in  F i g u r e   7,  t h e   d i s k   a s s e m b l y   s e a l s   b o t h   t h e  



c e n t r a l   p a s s a g e   101  of   t h e   f i t t i n g   100  and  a l s o   t h e  

p a s s a g e   f r o m   t h e   p o r t   104  t h r o u g h   t h e   t h r e a d s   100a  o f  

t h e   f i t t i n g   and   103  of   t h e   c ap   w h i c h   o t h e r w i s e   p r o v i d e  

a  r e s t r i c t i v e   f l o w   p a s s a g e   f rom  t h e   p o r t   104  b e t w e e n  

t h e   f i t t i n g   and   c a p ,   to   t h e   m a n i f o l d   1 0 5 .   T h u s ,   w i t h  

t h e   c a p   t i g h t l y   f a s t e n e d ,   p r e s s u r e   f r o m   t h e   b o t t l e   2 4  

c o m m u n i c a t e d   t o   t h e   c e n t r a l   p a s s a g e   101  o f   t h e   f i t t i n g  

100  t h r o u g h   t h e   c r o s s   b o r e   90  in  t h e   s t e m   52  and  t h r o u g h  

t h e   t r a n s v e r s e   b o r e   94  o f   t h e   body   86  and  t h e   c r o s s  

b o r e   106  o f   t h e   f i t t i n g   i s   c o n t a i n e d   by  t h e   f o i l   d i s k  

1 1 9 .   In  t h e   e v e n t   t h e   p r e s s u r e   r e a c h e s   an  u n s a f e   l e v e l ,  

t h e   f o i l   d i s k   119  b u r s t s   a l l o w i n g   r e l e a s e   o f   t h e   p r e s s u r e  

b e f o r e   t h e   b o t t l e   or  o t h e r   c o m p o n e n t s   r u p t u r e .  

The  c a p   102  and  f i t t i n g   100  a l s o   p r o v i d e   fo r   t h e  

f i l l i n g   of   t h e   b o t t l e   w i t h   p r e s s u r i z e d   o x y g e n .   When 

t h e   c a p   102  i s   l o o s e n e d   to   t h e   p o s i t i o n   shown  in  F i g u r e  

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

b l y   114  and  a l o n g   t h e   gap   b e t w e e n   t h e   t h r e a d s   103  a n d  

1 0 0 a   b e t w e e n   t h e   c a p   and  f i t t i n g   to   t h e   m a n i f o l d   1 0 5  

t h a t   c o m m u n i c a t e s   t h r o u g h   t h e   t r a n s v e r s e   b o r e   94  of  t h e  

b o d y   86  to   t h e   b o t t l e .   L e a k a g e   b e t w e e n   t h e   body   86  a n d  

t h e   c a p   102  i s   p r e v e n t e d   by  an  0 - r i n g   122  ( F i g u r e   7 )  

t h a t   m a i n t a i n s   a  s e a l   when  t h e   c ap   i s   u n s c r e w e d   s u f f i -  

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

to   t h e   m a n i f o l d   105  a l o n g   t h e   f i t t i n g ,   b e c a u s e   i t   i s  

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

r i n g   124  h a v i n g   a  s m a l l   f l a n g e   125  a b o u t   t h e   i n n e r   e d g e .  

A  c o m m e r c i a l   f i t t i n g   a s s e m b l y   F  f i t s   o v e r   t h e   cap  1 0 2  

to  f a c i l i t a t e   r o t a t i o n   o f   t h e   c ap   to   o p e n   and  c l o s e   t h e  

f i l l i n g   p a s s a g e   t h r o u g h   t he   p o r t   104  and  to  s u p p l y   p r e s -  

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

t h e   t h r e a d s   1 0 3 ,   100a   p r o v i d e s   a  p r e s s u r e   d r o p   t h a t  

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

p u r p o s e s .   In   a d d i t i o n ,   t he   c o m b i n e d   u se   of  t he   f i t t i n g  

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



n e e d   f o r   an  e x t r a   f i t t i n g   f o r   one  of   t h o s e   f u n c t i o n s  

and  t h e r e b y   m i n i m i z e s   t he   c h a n c e   of  l e a k a g e   t h a t   i s  

e v e r   p r e s e n t   in  t h r e a d e d   f i t t i n g s   in  p r e s s u r i z e d   s y s -  

t e m s .  

The  c o n s t r u c t i o n   of  t h e   c o n t a i n e r   26  is   b e s t   s h o w n  

in  F i g u r e s   1,  3,  4  and  9 - 1 4 .   I t   i s   f o r m e d   of  a  t o p  

c o v e r   130  and  a  b o t t o m   end  132,   b o t h   i n j e c t i o n  m o l d e d  

of   p l a s t i c ,   and  a  t u b u l a r   e x t r u d e d   member   133  of  p l a s t i c  

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

t a n g u l a r   c r o s s - s e c t i o n ,   in  w h i c h   a  t o p   c o v e r   f l a n g e   1 3 4  

( F i g u r e   12)  and  a  b o t t o m   end  f l a n g e   136  ( F i g u r e   1)  t i g h t -  

ly  f i t .   One  s i d e   w a l l   p o r t i o n   1 3 3 a   i s   a r c u a t e l y   c o n c a v e  

to   c o n f o r m  w i t h   t h e   e x t e r n a l   c o n t o u r   of  the   c y l i n d r i c a l  

b o t t l e   24  so  t h a t   t he   c o n t a i n e r   26  can   p a r t i a l l y   n e s t  

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

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

b o t t l e ,   w h i c h   is   t y p i c a l l y   c o l d ,   to  t h e   c o n t a i n e r   2 6 ,  

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

a c t i o n   of   t h e   s c r u b b e r .   H e a t   t r a n s f e r   can   be  i m p r o v e d  

by  p r o v i d i n g   s t r i p s   of  m e t a l   f o i l   ( n o t   shown)  f rom  t h e  

b o t t l e   to   t h e   s i d e   w a l l s   to  a s s u r e   and  to  m a x i m i z e   d i r -  

e c t   c o n t a c t   b e t w e e n   the   b o t t l e   and  c o n t a i n e r   o v e r   a  

s u b s t a n t i a l   a r e a .  

The  t o p   c o v e r   130  has   a  f i r s t   u p s t a n d i n g   b o s s   1 4 0  

s u r r o u n d i n g   an  o p e n i n g   142,   to   w h i c h   t h e   b r e a t h i n g   t u b e  

34  i s   a t t a c h e d   w i t h   an  i n s i d e   r e t a i n i n g   r i n g   144  t h a t  

c l a m p s   an  end  of  t he   b r e a t h i n g   t u b e   34  w i t h i n   t he   u p -  

s t a n d i n g   b o s s   1 4 0 .  

The  t o p   c o v e r   130  has  a  s e c o n d   u p s t a n d i n g   b o s s   1 4 6  

t h a t   s u r r o u n d s   an  o p e n i n g   1 4 8 ,   t h a t   h a s   a  v a l v e   s e a t  

150  ( F i g u r e   1 4 ) .   The  b o s s   146  s u p p o r t s   a  s p r i n g   r e t a i n e r  

152 .   A  p r e s s u r e   r e l i e f   v a l v e   154  on  t h e   s e a t   150  i s  

h e l d   by  a  c o m p r e s s i o n   s p r i n g   156.   The  s p r i n g   r e t a i n e r  

f o r m s   an  e s c a p e   p a s s a g e   t h r o u g h   t h e   o p e n i n g   148  w h e n  

t h e   v a l v e   154  is   l i f t e d   f rom  the   s e a t   by  e x c e s s   i n t e r n a l  

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



A  t h i r d   u p s t a n d i n g   b o s s   158  on  t h e   c o v e r   130  r e c e i v e s  

and  s u p p o r t s   t h e   f l o w   r e g u l a t o r   38,   and  an  a x i a l l y   a l i g n e d  

d e p e n d i n g   b o s s   160  in  p a r t   f o r m s   t h e   a d m i s s i o n   v a l v e  

a s s e m b l y   4 0 .  

A  s m a l l e r   c o n t a i n e r   164  is   f o r m e d   w i t h i n   t h e   m a i n  

c o n t a i n e r   26  and   h o l d s   a  s u i t a b l e   c h e m i c a l ,   such   a s  

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

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

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

t a i n e r .   " S o d a   S o r b "   i s   b a s i c a l l y   s o d i u m   h y d r o x i d e   a n d  

c a l c i u m   o x i d e   and   i s   s o l d   by  Dewey  and  Almey  d i v i s i o n  

of  W.R.  G r a c e .  

As  b e s t   s h o w n   in  F i g u r e   3  and  4,  t h e   i n n e r   c o n t a i n e r  

i s   f o r m e d   by  p o r o u s   w a l l s   1 6 6 ,  1 6 8   in  t h e   f o r m   of   f l a t  

p a n e l s   and  by  end   w a l l   p o r t i o n s   133a   and  133b   of  t h e  

t u b u l a r   s i d e   w a l l   f o r m i n g   member   133 ,   w h i c h   i s   n o n p o r o u s .  

The  p o r o u s   w a l l s   1 6 6 ,   168  a r e   s u p p o r t e d   w i t h i n   t h e   o u t e r  

c o n t a i n e r   by  v e r t i c a l   g r o o v e s   1 7 0 - 1 7 3 .   The  p o r o u s   w a l l s  

e x t e n d   to   t h e   b o t t o m   end  132  of  t h e   o u t e r   c o n t a i n e r ,  

b u t   t e r m i n a t e   s h o r t   of   t h e   t o p   c o v e r   1 3 0 ,   as   shown  i n  

F i g u r e   4.  A  c o v e r   176  c l o s e s   t h e   t o p   o f   t h e   s m a l l e r  

c o n t a i n e r   1 6 4 ,   and   i s   l o c a t e d   by  a  d e p e n d i n g ,   s h o r t ,  

l o c a t i n g   w a l l   178  on  t h e   i n s i d e   l o w e r   s u r f a c e   of  t h e  

t o p   c o v e r   1 3 0 .   A i r   i n h a l e d   a n d  e x h a l e d   to   t h e   m a i n  

c o n t a i n e r   26  t h r o u g h   t h e   o p e n i n g   142  i s   r e c e i v e d   a b o v e  

and  b e h i n d   t h e   s m a l l e r   s c r u b b e r   c o n t a i n e r   164  and  p a s s e s  

t h r o u g h   t h e   p o r o u s   w a l l s   166 ,   168  to   t h e   v o l u m e   of   t h e  

o u t e r   c o n t a i n e r   in   f r o n t   of   t he   w a l l   168  and  e n c l o s e d  

by  t h e   f l e x i b l e   b r e a t h i n g   bag  32,  and  b a c k   a g a i n .   A s  

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

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

O p e n i n g s   1 8 0 ,   1 8 1 ,   as  b e s t   shown  in  F i g u r e s   1,  4 ,  

13  and  14,   a r e   f o r m e d   in  t h e   f r o n t   p o r t i o n   133c   of  t h e  

s i d e   w a l l   f o r m i n g   member   1 3 3 .   The  f l e x i b l e   bag  32  i s  

a d h e s i v e l y   a d h e r e d   by  a  p e r i p h e r a l   p o r t i o n   32a  to   t h e  



w a l l   p o r t i o n   133c   a b o u t   the   o p e n i n g s   1 8 0 ,  1 8 1   and  h a s  

an  o p p o s e d   p o r t i o n   32b  t h a t   e x t e n d s   a c r o s s   t he   o p e n i n g s  

and  t h a t   f l e x e s   away  f rom  the   w a l l   p o r t i o n   133c  when  

t h e   d e v i c e   i s   c h a r g e d   w i t h   o x y g e n   and  in  u s e .   A  s m a l l  

r i g i d   p l a t e   182  i s   a d h e r e d   to  t h e   i n s i d e   s u r f a c e   of  t h e  

bag  p o r t i o n  3 2 b   a t   a  l o c a t i o n   o p p o s i t e   t he   o p e n i n g   1 8 0  

to  c o o p e r a t e   w i t h   t h e   a d m i s s i o n   v a l v e   a s s e m b l y   4 0 .  

Flow  i s   r e g u l a t e d   to  t he   b r e a t h i n g   c h a m b e r   30  f r o m  

t h e   p r e s s u r e   r e g u l a t o r   a s s e m b l y   22,   t h r o u g h   t h e   f l o w  

r e g u l a t o r   38,   t h e   c o n s t r u c t i o n   of  w h i c h   is   b e s t   s h o w n  

in  F i g u r e s   13  and  14.  A  c e n t r a l   b o r e   186  e x t e n d s   t h r o u g h  

b o t h   b o s s e s   158 ,   160  of  t he   c o v e r   130  and  o p e n s   i n t o  

t h e   b r e a t h i n g   c h a m b e r   in  f r o n t   of   t h e   p o r o u s   w a l l   1 6 8 .  

A  t u b u l a r   f i t t i n g   188  is  t h r e a d e d   i n t o   t h e   c e n t r a l   p a s -  

s a g e   of  t h e   b o s s   158  and  c o o p e r a t e s   w i t h   a  r e s t r i c t i o n  

190  in  t h e   b o r e .   An  a d m i s s i o n   v a l v e   member   192  is   i n  

t h e   c e n t r a l   b o r e   186  of  t he   d e p e n d i n g   b o s s   160  and  c o -  

o p e r a t e s   w i t h   a  r e t a i n i n g   f l a n g e   194  and  s e a l   196  t h a t  

t o g e t h e r   f o rm  a  v a l v e   s e a t .  

The  t u b u l a r   f i t t i n g   188  has   a  c e n t r a l   p a s s a g e   1 8 9 ,  

t a p e r e d   e x t e r i o r   c o n t o u r   198  and  an  end  200  t h r o u g h  

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

c h a r g e d .   The  p a s s a g e   189  i s   of  a  s i z e   c a p a b l e   of  s u p -  

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

t h a t   n o r m a l l y   r e q u i r e d   d u r i n g   u s e .   R o t a r y   a d j u s t m e n t  

of  t he   f i t t i n g   188  moves  t h e   f i t t i n g   a x i a l l y   w i t h i n   t h e  

c e n t r a l   b o r e   186  to   a d j u s t   the   s i z e   of  t h e   p a s s a g e   f o r m e d  

b e t w e e n   t h e   r e s t r i c t i o n   190  and  t he   t a p e r e d   e x t e r i o r  

c o n t o u r   198  of  t h e   f i t t i n g .  A s   shown  in  F i g u r e   14,  t h e  

d i s c h a r g e   end  200  i s   l o c a t e d   on  one  s i d e   of  the   r e s t r i c -  

t i o n   190  and  a  c r o s s   b o r e   202  c o m m u n i c a t i n g   b e t w e e n   t h e  

c e n t r a l   b o r e   186  and  the   b r e a t h i n g   c h a m b e r   30  is  l o c a t e d  

on  the   o p p o s i t e   s i d e   of  t he   r e s t r i c t i o n .  

The  v a l v e   192  s e l e c t i v e l y   o p e n s   and  c l o s e s   t h e  

l o w e r   end  of   t he   b o r e   186  t h a t   d i s c h a r g e s   d i r e c t l y   i n t o  



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

s t r i c t i o n   1 9 0 .   By  o p e r a t i n g   a  l e v e r   204  a t t a c h e d   t o  

t h e   v a l v e   1 9 2 ,   t h e   v a l v e   i s   c o c k e d   t o   an  o p e n   p o s i t i o n .  

The  l e v e r   e x t e n d s   a t   a  s l i g h t   a n g l e   w i t h   r e s p e c t   to   t h e  

v a l v e   as   s h o w n   in  F i g u r e   13  and  i s  l o c a t e d   w i t h   i t s   e n d  

p o s i t i o n e d   t o   p a s s   t h r o u g h   t h e   o p e n i n g   180  in  t h e   f r o n t  

w a l l   p o r t i o n   1 3 3 c .   When  t h e   b r e a t h i n g   bag   32  i s   in   i t s  

c o l l a p s e d   c o n d i t i o n   shown  in   d o t t e d   l i n e ,   t h e   l e v e r   2 0 4  

i s   h e l d   i n  a   c o c k e d   p o s i t i o n ,   a l s o   shown   in  d o t t e d   l i n e  

k e e p i n g   t h e   v a l v e   member   192  o p e n .   When  t h e   bag  i s  

p a r t i a l l y   e x p a n d e d   to   t h e   p o s i t i o n   shown   in  s o l i d   l i n e  

in  F i g u r e   1 3 ,   p r e s s u r e   on  t h e   v a l v e   member   192  k e e p s  

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

t h e   s o l i d   l i n e   p o s i t i o n ,   in   w h i c h  t h e   l e v e r   204  c a n  

p a s s   t h r o u g h   t h e   o p e n i n g   180  w i t h o u t   r e s i s t a n c e   f r o m  

t h e   f l e x i b l e   b a g .  

I n i t i a l l y ,  w i t h   t he   d e v i c e   n o t   in  u s e ,   t h e   bag  3 2  

i s   c o l l a p s e d   and   t h e   v a l v e   i s   c o c k e d   to   an  o p e n   p o s i t i o n .  

Upon  o p e n i n g   t h e   p r e s s u r e   r e g u l a t o r   v a l v e   by  r o t a t i o n  

of   t h e   k n o b   44 ,   o x y g e n   u n d e r   p r e s s u r e   w i l l   be  i n t r o d u c e d  

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

v a l v e   a s s e m b l y   40 .   Upon  e x p a n s i o n   o f   t h e   b a g ,   t h e   l e v e r  

i s   a l l o w e d   t o   p i v o t   t h r o u g h   t h e   o p e n i n g   180 ,   c l o s i n g  

t h e   a d m i s s i o n   v a l v e   a s s e m b l y   40.   T h e r e a f t e r ,   f l o w   p a s s e s  

t h r o u g h   t h e   r e s t r i c t i v e   o r i f i c e   1 9 0 ,   and  t h r o u g h   t h e  

c r o s s   b o r e   202  i n t o   the   b r e a t h i n g   c h a m b e r   a t   a  r e d u c e d  

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

188 ,   t o   c o r r e s p o n d   to   a  s u p p l y   r a t e   e q u a l   to   t h a t   o f  

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

f l o w   i s   n e e d e d   d u r i n g   u s e ,  a s   m i g h t   be  r e q u i r e d   d u r i n g  

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

32  and  t h e r e b y   o p e n i n g   t he   a d m i s s i o n   v a l v e   a s s e m b l y   4 0  

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

i s   r e i n f l a t e d .   In  t he   e v e n t   t h e   n o r m a l   f l o w   t h r o u g h  

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



g r a d u a l   p r e s s u r e   b u i l d u p   in  t he   c o n t a i n e r   26  r e s u l t s ,  

u n t i l   t h e   p r e s s u r e   r e l i e f   v a l v e   154  o p e n s   to  r e d u c e   t h e  

i n t e r n a l   p r e s s u r e .  

A  m o d i f i e d   a d m i s s i o n   v a l v e   a s s e m b l y   210  i s   s h o w n  

in  F i g u r e   15.  W i t h   t h i s   c o n s t r u c t i o n   no  c r o s s   b o r e   2 0 2  

i s   r e q u i r e d .   R a t h e r ,   a  r e s t r i c t i v e   o r i f i c e   212  of  p r e -  
d e t e r m i n e d   s i z e   i s   f o r m e d   d i r e c t l y   t h r o u g h   a  f l a n g e  

p o r t i o n   of   t h e   m o d i f i e d   v a l v e   210  to  a l l o w   a  f l o w   o f  

o x y g e n   a t   t he   n o r m a l   r a t e   t y p i c a l l y   r e q u i r e d ,   d i r e c t l y  

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

r a t h e r   t h a n   t h r o u g h   a  s e p a r a t e   p a s s a g e   w i t h   an  a d j u s t -  

a b l e   o r i f i c e .  

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

t i o n ,   d e s i g n e d   to   p r o v i d e   a  min imum  of  f i f t e e n   m i n u t e s  

u s e ,   a  b o t t l e   of  c o m p r e s s e d   o x y g e n   is  u s e d   t h a t   h o l d s  

t h i r t y - f i v e   s t a n d a r d   l i t e r s   a t   1800  l b s .   p e r   s q u a r e  

i n c h   g a u g e .   The  p r e s s u r e   r e g u l a t i n g   v a l v e   a s s e m b l y   2 2  

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

v a r i e s   o n l y   f rom  a  r e g u l a t e d   p r e s s u r e   of  135  p . s . i . g .  

when  the   b o t t l e   i s   i n i t i a l l y   a t   1 8 0 0 . p . s . i . g . ,   and  a  

r e g u l a t e d   p r e s s u r e   of  115  p . s . i . g .   when  t he   b o t t l e   p r e s -  

s u r e   has   r e d u c e d   to   200  p . s . i . g .   D u r i n g   t h i s   p e r i o d ,   a  

c o n t i n u a l   f l o w   of   o x y g e n   i s   p r o v i d e d   a t   a  r a t e   of   1  a n d  

1 / 2   l i t e r s   p e r   m i n u t e   t h r o u g h   t h e   f low  r e g u l a t i n g  v a l v e  

a s s e m b l y .   When  t h e   a d m i s s i o n   v a l v e   is   a c t u a t e d ,   a  f l o w  

of  60  to   70  l i t e r s   p e r   m i n u t e   i s   p r o v i d e d   d i r e c t l y   i n t o  

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

i n v e n t i o n   can   u t i l i z e   c o n t a i n e r s   of  o x y g e n   of   v a r i o u s  

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

For  c o n v e n i e n t   s t o r a g e   and  u s e ,   t he   b r e a t h i n g   d e v i c e  

is   c o n t a i n e d   in  a  box  or  c a s e ,   g e n e r a l l y   r e c t a n g u l a r ,  

w i t h   a  c o v e r   t h a t   is   c o m p l e t e l y   r e m o v a b l e   and  h e l d   i n  

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

o p e n i n g   or  j o i n t   b e t w e e n   t h e   c o v e r   and  body  of   the   c a s e .  

The  c o v e r   has   a  w indow  t h r o u g h   w h i c h   t h e   p r e s s u r e   g a u g e  



c a n   be  v i e w e d .   B e c a u s e   t h e   g a u g e   b l o c k   is  r o t a t a b l e   o n  

t h e   s t e m   o f   t h e   p r e s s u r e   r e g u l a t o r ,   t h e   g a u g e   can   a l w a y s  

be  p o s i t i o n e d   f o r   v i e w i n g .   S t r a p s   a r e   a t t a c h e d   to   t h e  

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

h e a d ,   and   a  l e n g t h   f o r   e n c i r c l i n g   t h e   u s e r ' s   t o r s o ,   t o  

h o l d   t h e   d e v i c e   in   p o s i t i o n   on  t h e   c h e s t   of   t he   u s e r .  

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

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

v a r i o u s   m o d i f i c a t i o n s   and  a l t e r a t i o n s   may  be  made  t h e r e -  

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

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



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

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

p a s s a g e   c o m m u n i c a t i n g   b e t w e e n   a  p o r t   and  the   c o n t a i n e r ,  

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

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

m e m b e r ,   w h e r e b y   t he   c o n t a i n e r   can   be  f i l l e d   t h r o u g h  

s a i d   p a s s a g e ,   t he   p a s s a g e   c a n   be  s e a l e d ,   and  t h e   m e m b e r  

f u n c t i o n s   as  a  s a f e t y   p r e s s u r e   r e l e a s e .  

2.  A p p a r a t u s   as  s e t   f o r t h   in  C l a i m   1  w h e r e i n   t h e  

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

and  t h e   m e a n s   fo r   s e a l i n g   t h e   p a s s a g e   i s   m o v a b l e   t o  

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

by  s e a l   t h e   f i l l i n g   p a s s a g e .  

3.  A p p a r a t u s   as  s e t   f o r t h   in  C l a i m   2  w h e r e i n ,  

s a i d   p a s s a g e   is   in  p a r t   f o r m e d   by  a  t h r e a d e d   f i t t i n g  

and  a  h o u s i n g   t h r e a d e d   on  t h e   f i t t i n g   and  t h e   member   i s  

b e t w e e n   t h e   f i t t i n g   and  h o u s i n g .  

4.  A p p a r a t u s   as  s e t   f o r t h   in  C l a i m   3  w h e r e i n   t h e  

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

r i n g ,   and  a  m e t a l   f o i l   b e t w e e n   t h e   t w o .  

5.  A p p a r a t u s   as  s e t   f o r t h   in  C l a i m   3  w h e r e i n   t h e  

t h r e a d s   of   t h e   f i t t i n g   and  h o u s i n g   fo rm  the   f i l l i n g  

p a s s a g e w a y .  

6.  A p p a r a t u s   as  s e t   f o r t h   in  C l a i m   5  w h e r e i n   t h e  

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

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



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

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

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

way  and  c l o s e d   by  s a i d   o b t u r a t i n g   m e m b e r .  

8.  A p p a r a t u s   as   s e t   f o r t h   in  C l a i m  7   w h e r e i n   t h e  

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

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

p a s s a g e w a y .  

9.  A p p a r a t u s   as  s e t   f o r t h   in  C l a i m   8  w h e r e i n   t h e  

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

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

p a s s a g e w a y .  

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

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

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

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

m u n i c a t i n g   b e t w e e n   t h e   p o r t   and  t h e   c o n t a i n e r ,   a  f r a n g -   . 

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

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

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

s a i d   p a s s a g e ,   t h e   p a s s a g e   c an   be  s e a l e d ,   and  t h e   m e m b e r  

f u n c t i o n s   as  a  s a f e t y   p r e s s u r e   r e l e a s e .  

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

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

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

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

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

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

s p a c e d   a x i a l l y   t o   s e a l   a b o u t   t he   s t e m ,   a  p o r t   in  t h e  

b o d y ,   a  p a s s a g e   w i t h i n   t he   body  e x t e n d i n g   f r o m   t he   p o r t  

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



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

g a u g e   a t t a c h e d   to   t he   body  c o m m u n i c a t i n g   w i t h   the   p a s s a g e  

b e t w e e n   the   o b t u r a t i n g   member  and  t h e   c e n t r a l   o p e n i n g .  

12.   An  a s s e m b l y   as  s e t   f o r t h  i n   C l a i m   11  w h e r e i n  

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

and  a  cap   t h r e a d e d   on  t h e   f i t t i n g   and  h a v i n g   an  o p e n i n g  

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

i s   b e t w e e n   t h e   c a p   and  f i t t i n g   and  so  c o n s t r u c t e d   a<nd 

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

c a p ,   b l o c k s   f l o w   t h r o u g h   t he   f i t t i n g   t h r e a d s   and  t h r o u g h  

t h e   t u b u l a r   f i t t i n g .  

13.   An  a s s e m b l y   as  s e t   f o r t h   in  C l a i m   11  w h e r e i n  

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

b o d y   and  an  i n d i c a t o r   c a r r i e d   by  t h e   h e l i x ,   and  w h e r e i n  

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

s a i d   p a s s a g e .  

14.  A  p r e s s u r e   r e g u l a t o r   s t e m   f o r   a  p r e s s u r i z e d  

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

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

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

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

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

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

t h e   s t e m ,   a  p o r t   in  t he   b o d y ,   a  p a s s a g e   w i t h i n   the   b o d y  

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

t h e   two  s e a l s ,   a  f r a n g i b l e   o b t u r a t i n g   member   c l o s i n g  

s a i d   p a s s a g e ,   and  a  p r e s s u r e   g a u g e   a t t a c h e d   to  the  b o d y  

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

member   and  t he   c e n t r a l   o p e n i n g ;   and  s a i d   s t e m   h a v i n g   a  

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

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

a l o n g   the   s t em   b e t w e e n   s a i d   a x i a l l y   s p a c e d   s e a l s .  



15.   A  p o r t a b l e   c l o s e d   c i r c u i t   c o m p r e s s e d   o x y g e n  

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

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

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

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

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

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

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

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

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

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

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

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

c o n t a i n e r   to   t h e   e x t e r i o r   w h e n  t h e   p r e s s u r e   w i t h i n   t h e  

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

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

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

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

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

16.   A  d e v i c e   as  s e t   f o r t h   in  C l a i m   15  w h e r e i n  

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

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

s e m i - c i r c u l a r   c o n c a v e .  

17.   A  d e v i c e   as  s e t   f o r t h   in  C l a i m   16  w h e r e i n  

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

by  w a l l s   of   t h e   c o n t a i n e r   and   in   p a r t   by  p a n e l s   w i t h i n  

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

18.   A  d e v i c e   as  s e t   f o r t h   in  C l a i m   15  w h e r e i n   a  

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

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

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



19.   A  d e v i c e   as  s e t   f o r t h   in  C l a i m   18  i n c l u d i n g  

an  o p e r a t o r   fo r   t h e   a d m i s s i o n   v a l v e   e x t e n d i n g   f rom  w i t h i n  

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

p o r t i o n   and  e n c l o s e d   by  the   b r e a t h i n g   b a g .  

20.   In  a  p o r t a b l e   c l o s e d   c i r c u i t   c o m p r e s s e d   o x y g e n  

b r e a t h i n g   a p p a r a t u s   or  t he   l i k e ,   a  f i t t i n g   f o r   a  c o n t a i n e r  

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

of  o x y g e n   f r o m   t h e   c o n t a i n e r ,   a  r e s t r i c t i v e   o r i f i c e  

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

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

f r o m   s a i d   s e a t ,   a  b a l l   b e t w e e n   t h e   a n v i l   and  s e a t   r e c e i v - '  

a b l e   a g a i n s t   t he   s e a t   to   c l o s e   t h e   p a s s a g e ,   a  f l e x i b l e  

d i a p h r a g m ,   a  f i r s t   c h a m b e r   on   one  s i d e   of  t h e   d i a p h r a g m  

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

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

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

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

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

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

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

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

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

m e a n s   to   move  t h e   a n v i l   t o w a r d   and  away  f rom  t h e   b a l l  

to  s e l e c t i v e l y   c l o s e   or  open   t h e   p a s s a g e .  

21.  A p p a r a t u s   as  s e t   f o r t h   in  C l a i m   20  w h e r e i n  

s a i d   a n v i l   i s   m o v a b l e   t o w a r d   the   s e a t   by  the   m a n u a l l y  

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

m o v e m e n t   t o w a r d   and  away  f rom  t he   s e a t   i s   c o n t r o l l e d  b y  

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

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

b r e a t h i n g   a p p a r a t u s   or  t he   l i k e ,   a  d e m a n d   v a l v e   a s s e m b l y  

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



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

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

h a s   a  f l e x i b l e   w a l l   p o r t i o n ,   one  o u t l e t   p r o v i d i n g   a  

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

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

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

v a l v e   when   t h e   v a l v e   i s   o p e n ,   and  means   l o c a t e d   w i t h i n  

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

o p e r a b l e   by  m o v e m e n t   o f   t h e   f l e x i b l e   w a l l   p o r t i o n   t o  

m e c h a n i c a l l y   o p e n   s a i d   v a l v e .  

23 .   In  a  p o r t a b l e   c l o s e d   c i r c u i t   c o m p r e s s e d   o x y g e n  

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

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

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

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

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

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

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

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

t h e   v a l v e   i s   c l o s e d ,   and  m e a n s   l o c a t e d   w i t h i n   s a i d   c h a m -  

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

m o v e m e n t   o f   t h e   f l e x i b l e   w a l l   p o r t i o n   to  m e c h a n i c a l l y  

o p e n   s a i d   v a l v e .  
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