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54)  Breathing  apparatus. 
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A  breathing  apparatus  includes  two  parallel  flowpaths 
4  and  12  through  which  breathing  gas  can  be  supplied 
independently  from  a  cylinder  1  to  a  facemask  6.  The  first 
flowpath  4  includes  a  shut-off  valve  2,  pressure  reducer  3 
and  demand  valve  5  and  provides  the  normal  route  through 
which  the  user  of  the  apparatus  is  supplied.  In  the  event  of  a 
failure  or  malfunction  of  any  component  of  this  normal 
breathing  circuit,  however,  the  first  flowpath  can  be  isolated 
by  closing  the  valve  2  and  the  user  can  breathe  through  the 
second  or  bypass  flowpath  by  opening  a  second  shut-off 
valve  11  which  has  a  combined  pressure  reducer  and  leads 
directly  to  the  mask  6.  The  two  valves  2  and  11,  together  with 
a  cylinder  pressure  gauge  14  and  a  safety  burst  disc  15,  are 
incorporated  in  a  compact  valve  assembly  13  secured  to  the 
cylinder  1. 



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

a p p a r a t u s   s u c h   as  may  be  w o r n ,   eg  by  f i r e m e n ,   r e s c u e   w o r k e r s  

and  t h e   l i k e   who  a r e   r e q u i r e d   to   p e r f o r m   t a s k s   in   n o x i o u s  

or   o x y g e n - d e p l e t e d   e n v i r o n m e n t s ,   or   by  d i v e r s .  

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

c o m p r e s s e d   a i r   or   o x y g e n   s u p p o r t e d   by  a  h a r n e s s   worn   by  t h e  

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

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

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

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



to   t h e   mask  or   t h e   l i k e   a t   t h e   v a r i a b l e   r a t e   n e c e s s a r y   t o  

s a t i s f y   t h e   b r e a t h i n g   n e e d .   In   some  e x a m p l e s   t h e   p r e s s u r e  
of   t h e   s u p p l i e d   gas   i s   r e d u c e d   f r o m   t h e   v a l u e   a t   w h i c h   i t  

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

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

u p s t r e a m   of   a  s e p a r a t e   demand   v a l v e ,   w h i l e   in   o t h e r s  

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

a c h i e v e d   by  t h e   demand   v a l v e   a l o n e .   In   e i t h e r   c a s e   t h e r e  

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

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

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

can   r e a d i l y   be  s e e n   by  t h e   u s e r ,   eg  s u p p o r t e d   by  t h e   h a r n e s s  

on  t h e   u s e r ' s   c h e s t ,   to   i n d i c a t e   t h e   s t a t e   of  c h a r g e   of   t h e  

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

i s   t a p p e d   in   to   t h e   gas   s u p p l y   f l o w p a t h   a t   a  s u i t a b l e  

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

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

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

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

c y l i n d e r   to   t h e   mask   o r   t h e   l i k e ,   i n   t h e   e v e n t   of   m a l f u n c t i o n  

or   d a m a g e   to   t h e   d e m a n d   v a l v e ,   p r e s s u r e   r e d u c e r ,   s h u t - o f f   v a l v e ,  

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

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

d a m a g e   to   an  a f o r e s a i d   r e m o t e   p r e s s u r e   g a u g e   o r   i t s   h o s e ) t h e   f l o w  



of  g a s   to   t h e   mask   o r   t h e   l i k e   w i l l   be  s u b s t a n t i a l l y   r e d u c e d  

or   c o m p l e t e l y   i n t e r r u p t e d ,   w i t h   p o t e n t i a l l y   d i r e   r e s u l t s .   I n  

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

t h a t   some  a d d i t i o n a l   means   be  p r o v i d e d   f o r   t h e   s u p p l y   of   g a s  

f r o m   t h e   c y l i n d e r   to   t h e   mask  or   t h e   l i k e   w h i c h   can   be  b r o u g h t  

i n t o   o p e r a t i o n   in   t h e   e v e n t   of  any  s u c h   o c c u r e n c e   as  i s  

i n d i c a t e d   a b o v e .  

B r e a t h i n g   a p p a r a t u s   i s   known  w h e r e i n   in   a d d i t i o n   t o  a   m a i n   g a s  

s u p p l y   f l o w p a t h   as  d e s c r i b e d   a b o v e   t h e r e   i s   p r o v i d e d   an  a u x i l i a r y  

or   b y p a s s   f l o w p a t h   l e a d i n g   to   t h e   mask   or   t h e   l i k e   f r o m   t h e   m a i n  

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

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

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

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

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

of  c a p i l l a r y   h o s e   to   r e d u c e   t h e   p r e s s u r e   of   t h e   s u p p l i e d   gas   a s  

i t   f l o w s   to   t h e   mask   or   t h e   l i k e .   Such   a  s y s t e m   can   be  e f f e c t i v e  

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

s u p p l y   in   t h e   e v e n t   of  a  b l o c k a g e   of  t h e   m a i n   f l o w p a t h   a t   a  

p o s i t i o n   d o w n s t r e a m   of  i t s   j u n c t i o n   w i t h   t h e   b y p a s s .   H o w e v e r  

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

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

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

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

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

e v e n t   of   t h e   m a i n   s h u t - o f f   v a l v e   b e c o m i n g   b l o c k e d .   In  a d d i t i o n ,  

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

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

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

e x p e c t e d   in  u s e   of  t h e   a p p a r a t u s .  

I t   i s   to   t h e   s o l u t i o n  o f   t h e s e   d r a w b a c k s   t h a t   c e r t a i n   a s p e c t s  
of  t h e   p r e s e n t   i n v e n t i o n   a r e   d i r e c t e d .  



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

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

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

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

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

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

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

o f f   and   p r e s s u r e - r e d u c i n g   means   and  b e i n g   a r r a n g e d   to   d e l i v e r  

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

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

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

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

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

t h e   f i r s t   (main)   f l o w p a t h ,   w h i c h   l a t t e r   can   be  i s o l a t e d   b y  

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

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

f a c e   m e a n s .  

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

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

w i t h i n   a  c h a m b e r ;   an  i n l e t   to   and  an  o u t l e t   f r o m   t h e   c h a m b e r  

r e s p e c t i v e l y   u p s t r e a m   and  d o w n s t r e a m   of   t h e   p i s t o n ;   t h e   u p -  
s t r e a m   end   of   t h e   p i s t o n   b e i n g   a d a p t e d   to   s e a t   in   r e l a t i o n   t o  

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

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

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

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

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

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

s e l e c t i v e l y   to   u r g e   t h e   p i s t o n  i n t o   a  p o s i t i o n   i n   w h i c h   i t s   u p -  
s t r e a m   end   s e a t s   in   r e l a t i o n   to   t h e   c h a m b e r   i n l e t   as  a f o r e s a i d ,  

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

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

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

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



d e f i n e d   a s p e c t   of  t h e   i n v e n t i o n ,   as  w i l l   be  more   c l e a r l y   u n d e r -  

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

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

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

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

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

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

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

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

( e . g .   a  b u r s t   d i s c )   m o u n t e d   to   s a i d   b o d y ;   w i t h   e a c h   of   s a i d  

f i r s t   s h u t - o f f   v a l v e ,   s a i d   s e c o n d   s h u t - o f f   v a l v e ,   any  s a i d  

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

i n d e p e n d e n t l y   of  one   a n o t h e r   w i t h   s a i d   p a s s a g e w a y .   P r e f e r a b l y  

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

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

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

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

s i d e   t h e r e o f .   In   s u c h   c a s e   an  o u t l e t   c o n n e c t i o n   f rom  s a i d   f i r s t  

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

b o d y ,  a s   may  a l s o   be  an  o u t l e t   c o n n e c t i o n   f rom  s a i d   s e c o n d   s h u t -  

o f f   v a l v e .  

T h e s e   and  o t h e r   a s p e c t s   of   t h e   p r e s e n t   i n v e n t i o n   w i l l   now  b e  

more   p a r t i c u l a r l y   d e s c r i b e d ,   by  way  of   e x a m p l e ,   w i t h   r e f e r e n c e  

to   t h e   a c c o m p a n y i n g   d r a w i n g s ,   in   w h i c h :  

F i g u r e   1  i s   a  p i c t o r i a l   i l l u s t r a t i o n   of   t h e   r e s p i r a t o r y   s y s t e m  
of  a  b r e a t h i n g   a p p a r a t u s   a c c o r d i n g   to   t h e   i n v e n t i o n ,   as  in   u s e ;  

F i g u r e   2  i s   a  s c h e m a t i c   b l o c k  d i a g r a m   of   t h e   r e s p i r a t o r y   s y s t e m  
of  F i g u r e   1 ;  

F i g u r e   3  i s   a  p a r t l y - s e c t i o n e d   b o t t o m   p l a n   v i e w   of   t h e   c y l i n d e r  
v a l v e   a s s e m b l y   e m p l o y e d   in   t h e   r e s p i r a t o r y   s y s t e m   of  F i g u r e s   1 

and  2 ;  



F i g u r e   4  i s   a  s e c t i o n   on  t h e   l i n e   I V - I V   of   F i g u r e   3,  to   a n  

e n l a r g e d   s c a l e ;   a n d  

F i g u r e   5  i s   a  s e c t i o n   on  t h e   l i n e   V-V  of  F i g u r e   4 .  

R e f e r r i n g   to   F i g u r e s   1  and  2,  t h e   b r e a t h i n g   a p p a r a t u s   i n c l u d e s  

a  c y l i n d e r   1  of   c o m p r e s s e d   a i r   w h i c h   in   u s e   i s   s u p p o r t e d   on  t h e  

u s e r ' s   b a c k   in   t h e   c o n v e n t i o n a l   i n v e r t e d   a t t i t u d e   by  m e a n s   o f  

a  s u i t a b l e   h a r n e s s   a s s e m b l y   ( n o t   s h o w n ) .   In  n o r m a l   o p e r a t i o n  

a i r   f o r   b r e a t h i n g   i s   l e a d   o u t   of  t h e   c y l i n d e r   1  t h r o u g h   a  s h u t -  

o f f   v a l v e   2  to   a  f i r s t   s t a g e   p r e s s u r e   r e d u c e r   3  w h i c h   i n  

a c c o r d a n c e   w i t h   known  t e c h n i q u e s   p r o v i d e s   a i r   v i a   a  low  p r e s s u r e  

h o s e   4  to   a  d e m a n d   v a l v e   5  a t   a  s u b s t a n t i a l l y   c o n s t a n t ,   r e d u c e d  

p r e s s u r e .  

The  d e m a n d   v a l v e   5,  w h i c h   f u n c t i o n s   to   a d m i t   a i r   to   a  f a c e m a s k  

6  a t   a  v a r i a b l e   r a t e   in   r e s p o n s e   to   t h e   r e s p i r a t o r y   e f f o r t s   o f  

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

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

a p p l i c a t i o n   no.   2 0 5 4 2 0 7   and   c o u p l e d   to   a  t u b e d   i n l e t   7  of   t h e  

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

c o p e n d i n g   U n i t e d   K i n g d o m   p a t e n t   a p p l i c a t i o n   8 1 1 1 7 9 6   E x h a l e d  

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

e x h a l a t i o n   v a l v e   8 .  

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

a  p o s i t i o n   d o w n s t r e a m   of   t h e   s h u t - o f f   v a l v e   2  b u t   u p s t r e a m   o f  

t h e   w o r k i n g   p a r t s   of   t h e   p r e s s u r e   r e d u c e r   3 , i s   a  h i g h   p r e s s u r e  
h o s e   9.  T h i s   h o s e   l e a d s   to   a  r e m o t e   p r e s s u r e   g a u g e   and  l o w  

c y l i n d e r   p r e s s u r e   w a r n i n g   w h i s t l e   10  of  c o n v e n t i o n a l   f o r m ,  

l o c a t e d   e . g .   on  t h e   u s e r ' s   c h e s t   a t   a  p o s i t i o n   w h e r e   t h e  

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

c y l i n d e r   1,  can   be  e a s i l y   s e e n .  

C o n n e c t e d   to   t h e   c y l i n d e r   1  in   p a r a l l e l   w i t h   t h e   m a i n   s h u t - o f f  

v a l v e   2  i s   a  s e c o n d   s h u t - o f f   v a l v e   11  w h i c h   a l s o   c o m b i n e s   t h e  

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



h e r e i n a f t e r .   From  t h e   v a l v e   11  a  s e c o n d   low  p r e s s u r e   ( b y p a s s )  

h o s e   12  l e a d s   to   t h e   f a c e m a s k   6 , . t o   o p e n   i n t o   t h e   i n l e t   7  o f  

t h e   mask   t h r o u g h   a  c o n n e c t o r   7A .a t   a  p o s i t i o n   d o w n s t r e a m   o f  

t h e   w o r k i n g   p a r t s  o f   t h e   demand   v a l v e   5.  In  n o r m a l   o p e r a t i o n  

t h e   v a l v e   11  i s   m a i n t a i n e d   c l o s e d .   H o w e v e r ,   in   t h e   e v e n t   o f  

a  m a l f u n c t i o n   o f ,   o r  d a m a g e   t o ,   any  of   t h e   c o m p o n e n t s   2,  3,  4 ,  

5  of   t h e   m a i n   a i r   s u p p l y   f l o w p a t h   or   of   t h e   g a u g e / w h i s t l e   s p u r .  

9,  10  w h i c h   r e s u l t s   in   a  r e d u c t i o n   or   i n t e r r u p t i o n   of   t h e   f l o w  

of   a i r   to   t h e   mask   6,  t h e   v a l v e  2   can   be  c l o s e d   to   i s o l a t e   t h e  

m a i n   f l o w p a t h  f r o m   t h e   c y l i n d e r   1  and  t h e   v a l v e   11  can   be  o p e n e d  

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

t h e   h o s e   12.  I t   w i l l   be  n o t e d   t h a t   t h e   f l o w p a t h   p r o v i d e d   b y  

t h e   c o m p o n e n t s   11  and  12  l e a d s   d i r e c t l y   f rom  t h e   c y l i n d e r   1  t o  

t h e   mask   6,  b y p a s s i n g   a l l   of  t h e   c o m p o n e n t s   of   t h e   m a i n   s u p p l y  

f l o w p a t h   i n c l u d i n g   t h e   v a l v e   2 .  

The  two  v a l v e s   2  and  11  a r e   i n c o r p o r a t e d   in   a  u n i t a r y   v a l v e  

a s s e m b l y   13  s e c u r e d   to   t h e   c y l i n d e r   1,  t o g e t h e r   w i t h .  t w o   o t h e r  

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

v i z   a  s e c o n d   p r e s s u r e   g a u g e   14  and  a  b u r s t   d i s c   u n i t   15,  t h e  

l a t t e r   to   p r o t e c t   a g a i n s t   o v e r - p r e s s u r e   in   t h e   c y l i n d e r .   T h e  

c o n s t r u c t i o n   of   t h e   v a l v e   a s s e m b l y   13  w i l l   now  be  more   f u l l y  

d e s c r i b e d   w i t h   r e f e r e n c e   to   F i g u r e s   3,  4  and  5 .  

The  a s s e m b l y   13  c o m p r i s e s   a  body   16  of   g e n e r a l l y   r e c t a n g u l a r  

p l a n f o r m   w i t h   two  l o n g   s l a b   s i d e s   17,  18  and  a  t h r e a d e d   s p i g o t  

19  by  w h i c h   t h e   a s s e m b l y   i s   s c r e w e d   i n t o   t h e   n e c k   of  t h e  

c y l i n d e r   ( n o t   s h o w n )   to   be  s e a l e d   t h e r e a g a i n s t   w i t h   an  O - r i n g   2 0 .  

A d j a c e n t  t o   t h e   s p i g o t   19  t h e   body   16  has   a  n e c k   p r o v i d e d   w i t h  

an  e x t e r n a l   a n n u l a r   g r o o v e   21  w h e r e b y   t h e   c y l i n d e r   a s s e m b l y   c a n  

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

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

a p p l i c a t i o n   no.   2 0 6 4 6 3 6   The  s p i g o t   19  c a r r i e s   a  d i p   t u b e   22  

( F i g u r e   4)  t h r o u g h   w h i c h   a i r   f r om  t h e   c y l i n d e r   i s   l e a d   to   a  

c e n t r a l   b o r e   23  in   t h e   b o d y ,   t h e   b o r e   23  i n t e r s e c t i n g   w i t h .  f o u r  

f u r t h e r   b o r e s   2 4 - 2 7 .  



The  f i r s t   i n t e r s e c t i n g   or   s u b - b o r e   24  i s   a l i g n e d   w i t h   t h e  

l o n g i t u d i n a l   d i r e c t i o n   o f   t h e   body   16  ( i . e .   as  r e p r e s e n t e d   b y  
t h e   a x i s   A  in   F i g u r e   3)  and  r e c e i v e s   t h e   s c r e w - t h r e a d e d   s p i g o t  
28  of   t h e   c y l i n d e r   p r e s s u r e   g a u g e   14  ( F i g u r e   5)  s e a l e d   to   t h e  

b o r e   by  an  O - r i n g   29.  The  m e c h a n i s m   of   t h e ' g a u g e   can   be  o f  

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

w h i c h   c l o s e s   in   t h e   e v e n t   of  any  l e a k a g e   of   a i r   o u t   of   t h e  

b o r e   t h r o u g h   t h e   g a u g e .  

The  s e c o n d   s u b - b o r e   25  i n t e r s e c t s   w i t h   t h e   b o r e   23  a t   r i g h t -  

a n g l e s   to   t h e   l o n g i t u d i n a l   d i r e c t i o n   of   t h e   body   16  and  l e a d s  

to   a  s c r e w - t h r e a d e d   s p i g o t   30  o p e n i n g   f r o m   t h e   s i d e   17  of   t h e  

b o d y   ( F i g u r e s   3  and  4 ) .   In  t h i s   p a r t   of   t h e   b o d y   t h e r e   i s   a  

c h a m b e r   31  w h i c h   r e c e i v e s   in   s c r e w - t h r e a d e d   r e l a t i o n   a  b a r r e l  

32  r e t a i n i n g   t h e   c o n i c a l   h e a d   33  of  t h e   m a i n   s h u t - o f f   v a l v e   2 .  

The  v a l v e   f u r t h e r  c o m p r i s e s   a  h a n d w h e e l   34  w i t h   a  s t e m   35  

j o u r n a l l e d   in   an  e x t e n s i o n   36  of  t h e   c h a m b e r   31  and   r e t a i n e d  

by  a  cap   37  s c r e w e d   on  t o   t h e   s p i g o t   30.   An  O - r i n g   38  s u r r o u n d -  

i n g   t h e   s t e m   35  s e a l s   t h e   c h a m b e r s   3 1 / 3 6   a g a i n s t   l e a k a g e .  

The  v a l v e   h e a d   33  c o - o p e r a t e s   w i t h   a  s e a t   d e f i n e d   a t   t h e  

j u n c t i o n   of   t h e   b o r e   25  w i t h   t h e   c h a m b e r   31,   and   t h e   h e a d   c a n  

be  moved   t o w a r d s   or   away  f r o m   t h e   s e a t   to   c l o s e   o r   o p e n   t h e  

v a l v e   by  r o t a t i o n   of   t h e   h a n d w h e e l   34  i n   t h e   a p p r o p r i a t e   s e n s e .  

R o t a t i o n   of  t h e   h a n d w h e e l   i s   t r a n s m i t t e d   f r o m   i t s   s t e m   35  t o  

t h e   b a r r e l   32  t h r o u g h   a  n o n - c i r c u l a r   d r i v e   l i n k   39  w h i c h   p e r m i t s  

t h e   r e l a t i v e   a x i a l   m o v e m e n t   b e t w e e n   t h e   b a r r e l   and   s t e m  

o c c a s i o n e d   by  t h e   b a r r e l ' s   s c r e w - t h r e a d e d   m o u n t i n g .   R o t a t i o n  

of  t h e   b a r r e l   32  to   w i t h d r a w   t h e   h e a d   33  f rom  i t s  s e a t   a n d  

t h e r e b y   o p e n   t h e   v a l v e   2  p e r m i t s   a i r   to   f l o w   f r o m   t h e   b o r e   2 5  

to  t h e   c h a m b e r  3 1   and   t h e n c e   t h r o u g h   a  b o r e   40  w h i c h   l e a d s   f r o m  

t h e   c h a m b e r   to   a  t h r e a d e d   s p i g o t   41  o p e n i n g   f r o m   t h e   o p p o s i t e  
s i d e   18  of   t h e   body   16,  t h e   a x i s   of  t h e   b o r e   40  and   s p i g o t   41  

b e i n g   p a r a l l e l   t o ,   b u t   o f f s e t   f r o m ,   t h e   a x i s   o f   t h e   b o r e   25  a n d  

s p i g o t   3 0 .  

In  t h e   a s s e m b l e d   b r e a t h i n g   a p p a r a t u s   t h e  b o r e   40  l e a d s   a i r   t o  



t h e   p r e s s u r e   r e d u c e r   3  of   t h e   m a i n   f l o w p a t h ,  s h o w n   i n   c h a i n  

l i n e   in   F i g u r e   3.  T h i s   p r e s s u r e   r e d u c e r   does   n o t   f o r m   p a r t   o f  

t h e   c y l i n d e r   v a l v e   a s s e m b l y   13  p r o p e r   b u t   i s   d e m o u n t a b l y  

a t t a c h a b l e   t h e r e t o   by  m e a n s   of  a  k n u r l e d   r i n g   42  h e l d   c a p t i v e  

on  t h e   body   of   t h e   r e d u c e r   and  s c r e w e d   o n t o  t h e   s p i g o t   41.  I n  

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

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

of  t h e   a p p a r a t u s ,   and  when  t h e   c y l i n d e r   a s s e m b l y   ( i . e .   t h e  

c y l i n d e r   1  t o g e t h e r   w i t h   t h e   v a l v e   a s s e m b l y   13)  i s   r e p l a c e d  

d u r i n g   u s e   or   b e t w e e n   u s e s   t h e   r e d u c e r   3  i s   d e t a c h e d   f r o m   t h e  

s p i g o t   41  of   t h e   o l d   c y l i n d e r   a s s e m b l y   and  r e a t t a c h e d   to   t h e  

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

low  p r e s s u r e   h o s e s   9  and   4  l e a d   f r o m   t h e   body   of   t h e   r e d u c e r   3 

r e s p e c t i v e l y   u p s t r e a m   and   d o w n s t r e a m   of   i t s   w o r k i n g   p a r t s .   T h e  

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

when  b e i n g   r e f i l l e d .  

The  t h i r d   s u b - b o r e   26  ( F i g u r e   5)  i s   a l i g n e d   w i t h   t h e   l o n g i t u d i n a l  

d i r e c t i o n   of   t h e   body   16,  i . e .   p a r a l l e l   w i t h   t h e   p r e s s u r e   g a u g e  
b o r e   24,   and  l e a d s   f r o m   t h e   c e n t r a l   b o r e   23  t o w a r d s   t h e   s a m e  

s h o r t   s i d e   43  of  t h e   b o d y   as  d o e s   t h e   b o r e   24.  The  b o r e   26  

o p e n s   o u t   i n t o   a  l a r g e r   d i a m e t e r   t a p p e d   b o r e   44  i n t o   w h i c h   t h e  

b u r s t   d i s c   u n i t   15  i s   s c r e w e d   and  s e a l e d   by  an  O - r i n g   45.  T h e  

u n i t   15  c o m p r i s e s   a  h o u s i n g   46  in   t h e   f o r m   of  a  h o l l o w   n u t  

h a v i n g   a  t a p p e d   b o r e   47  o p e n i n g   to  t h e   b o r e   44  and  w i t h i n   w h i c h .  

t h e   b u r s t   d i s c   i t s e l f   (48)  i s   c l a m p e d   by  means   of   a  s c r e w -  
t h r e a d e d   s l e e v e   49.  A  p a s s a g e   50  l e a d s   f rom  t h e   d o w n s t r e a m   e n d  

of  t h e   b o r e   47  to   o p e n i n g s   51  i n   t h e   h e a d   of  t h e   h o u s i n g   46  s o  
t h a t   in   u s e   t h e   d i s c   48  i s   s u b j e c t e d   to   t h e   d i f f e r e n c e   b e t w e e n  

t h e   c y l i n d e r   p r e s s u r e   t r a n s m i t t e d   to   b o r e   44,  and   a m b i e n t .   I n  

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

b e i n g   o v e r h e a t e d   or   o t h e r w i s e ,   t h e   d i s c   48  is  a d a p t e d   to   r u p t u r e  
to   v e n t   t h e   c y l i n d e r   c o n t e n t s   t h r o u g h   t h e   o p e n i n g s   5 1 .  

The  f o u r t h   s u b - b o r e   27  ( F i g u r e   5)  i s   a l s o   a l i g n e d   w i t h   t h e  

l o n g i t u d i n a l   d i r e c t i o n   of  t h e   body   16  and  o p e n s   f r o m   t h e  

c e n t r a l   b o r e   23  o p p o s i t e   to   t h e   b u r s t   d i s c   b o r e   26.   I t   l e a d s  



to   a  s t e p p e d - d i a m e t e r   c h a m b e r   5 2 A / B / C   w i t h i n   w h i c h   i s   t h e  

p i s t o n   53  of  t h e   c o m b i n e d   s h u t - o f f   v a l v e   and  p r e s s u r e   r e d u c e r  

11  of   t h e   b y p a s s   f l o w p a t h .   The  p i s t o n   53  i s   of  s t e p p e d  

d i a m e t e r   m a t c h i n g   t h e   f i r s t   two  s e c t i o n s   52A,  52B  of   t h e  

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

O - r i n g s   54  and  55.  B e t w e e n   t h e   two  O - r i n g s   t h e   c h a m b e r   i s  

v e n t e d   t h r o u g h   an  o p e n i n g   56.   The  v a l v e   f u r t h e r   c o m p r i s e s   a  

h a n d w h e e l   57  w i t h   a  s t e m   58  s c r e w e d   i n t o   a  t a p p e d   e x t e n s i o n   59  

of  t h e   c h a m b e r   52  and  s e a l e d   a g a i n s t   t h e   c h a m b e r   s e c t i o n   52C  

by  an  0 - r i n g   60.  The  h a n d w h e e l   57  i s   a l i g n e d   a t   r i g h t - a n g l e s  

to   t h e   h a n d w h e e l   34  of   t h e   m a i n   s h u t - o f f   v a l v e   2  and   i s   of   a  

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

b e t w e e n   t h e m   by  t o u c h   a l o n e .  

In  t h e   i l l u s t r a t e d   s h u t - o f f   c o n d i t i o n   of   t h e   v a l v e   11  t h e   s t e m  

58  i s   s c r e w e d   in   so  t h a t   i t s   n o s e   p o r t i o n   61  b e a r s   a g a i n s t   t h e  

d o w n s t r e a m   f a c e   of   t h e   p i s t o n   53  to   p r e s s   t h e   c o n i c a l   h e a d   6 2  

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

b o r e   27  w i t h   t h e   c h a m b e r   52.  T h i s   i s   t h e   c o n d i t i o n   a d o p t e d   i n  

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

o f f   v a l v e   2  i s   o p e n .   H o w e v e r ,   in   t h e   e v e n t   of  an  e m e r g e n c y  
w h i c h   r e q u i r e s   t h e   u s e r   to   b r e a t h e   t h r o u g h   t h e   b y p a s s   f l o w p a t h  

he  can   c l o s e   t h e   v a l v e   2  and  o p e n   t h e   v a l v e   11  by  t u r n i n g   t h e  

h a n d w h e e l   57  to   s c r e w   o u t   t h e   s t e m   58  u n t i l   i t   a b u t s   a  s t o p  

p i n   6 3 .  

W i t h   t h e   s t e m   58  s h i f t e d   to   t h e   r i g h t   ( i n   t h e   s e n s e   of   F i g u r e   5)  

in   t h i s   m a n n e r   t h e   p i s t o n   53  i s   f r e e   a l s o   to   s l i d e   to   t h e   r i g h t  

u n d e r   t h e   i n f l u e n c e   of   t h e   c y l i n d e r   p r e s s u r e   a p p l i e d  t o   b o r e   2 7 ,  

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

c h a m b e r   52  u p s t r e a m   of   t h e   O - r i n g   54.  From  h e r e   t h e   a i r   c a n  

f l o w   t h r o u g h   a  p a s s a g e w a y   64  in   t h e   p i s t o n   to   t h e   p o r t i o n   o f  

t h e   c h a m b e r   52  d o w n s t r e a m   of   t h e   O - r i n g   55.  T h i s   f l o w   i s   p e r -  
m i t t e d   e v e n   w h e n ,   as  i s   t h e   c a s e   i n i t i a l l y ,   t h e   p i s t o n   i s   u r g e d  

by  t h e   c y l i n d e r   p r e s s u r e   h a r d   a g a i n s t   t h e   n o s e   61  of  t h e   w i t h -  

d r a w n   s t e m ,   as  t h e   n o s e   i s   p r o v i d e d   w i t h   t r a n s v e r s e  s l o t s   65  

t h r o u g h   w h i c h   t h e   a i r   f r o m   p a s s a g e w a y   64  can   e s c a p e .  



I n t e r s e c t i n g   t h e   c h a m b e r   s e c t i o n   52C  a t   r i g h t - a n g l e s   i s   a  

f u r t h e r   b o r e   66  o p e n i n g   t h r o u g h   t h e   s i d e   18  of  t h e   body   16  a s  

i n d i c a t e d   in   F i g u r e   3.  T h i s   b o r e   c o n s t i t u t e s   t h e   o u t l e t   f r o m  

t h e   v a l v e   a s s e m b l y   13  f o r   t h e   b y p a s s   f l o w p a t h   and  p l u g g e d   i n t o  

i t   i s   a  h o l l o w   s p i g o t   67  c o n n e c t e d   t o   t h e   b y p a s s   h o s e   12.   T h e  

s p i g o t   67  i s   a  s i m p l e   p u s h   f i t   in   t h e   b o r e   66  and   i s   s e a l e d  

t h e r e a g a i n s t   by  an  0 - r i n g   68.   In  u s e   t h e   s p i g o t   i s   h e l d   i n  

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

42  of   t h e   m a i n   p r e s s u r e   r e d u c e r   3  w i t h   t h e   f l a n g e   69  of   t h e  

s p i g o t ,   as  i n d i c a t e d   in   F i g u r e s   3  and  5.  T h i s   p r o v i d e s   a  s i m p l e  

b u t   s e c u r e   m e a n s   of   c o n n e c t i n g   up  t h e   b y p a s s   h o s e   12  to   t h e  

c y l i n d e r   a s s e m b l y ,   t o g e t h e r   w i t h   t h e   r e d u c e r   3,  w h e n e v e r   a  

c y l i n d e r   a s s e m b l y   i s   c h a n g e d .  

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

f u n c t i o n   of  t h e   p i s t o n   53  i s   p e r f o r m e d   and  t h a t   t h e   r o u t e   b y  

w h i c h   a i r   f r o m   t h e   c y l i n d e r   1  i s   made  a v a i l a b l e   to   t h e   b y p a s s  

h o s e   12  i s   i n d e p e n d e n t   of   t h e   m a i n   s h u t - o f f   v a l v e   2.  T h e  

p i s t o n   53,   h o w e v e r ,   f u r t h e r m o r e   s e r v e s   a  r e g u l a t o r y   f u n c t i o n  

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

b y p a s s  h o s e   12,   as  w i l l   now  be  d e s c r i b e d .  

I f   t h e   v a l v e   11  i s   o p e n e d   w h i l e   t h e   c y l i n d e r   r e m a i n s   a t   i t s  

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

s u c h   t h a t   t h e   f l o w   of  a i r   p a s s i n g   t h r o u g h   t h e   b o r e   27  and  i n t o  

t h e   c h a m b e r   s e c t i o n   52A  a t t a i n s   a  s u p e r s o n i c   v e l o c i t y ,   o r  

in   o t h e r   w o r d s   t h a t   t h e   f l o w   of   a i r   in   t h e   b o r e   27  b e c o m e s  

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

t h e   b o r e   27  i s   c a p a b l e   of  p a s s i n g   i s   l i m i t e d .   T h e s e   c o n d i t i o n s  

p r e v a i l   so  l o n g   as  t h e   r a t i o   of  t h e   c y l i n d e r   p r e s s u r e   u p s t r e a m  
of  t h e   b o r e   27  to   t h e   p r e s s u r e   in   t h e   c h a m b e r   s e c t i o n   52A 

d o w n s t r e a m   of   t h e   b o r e   27  i s   a b o v e   a  c e r t a i n   c r i t i c a l   v a l u e .  

H o w e v e r ,   as  t h e   c y l i n d e r   b e c o m e s   p r o g r e s s i v e l y   d e p l e t e d   t h e  

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



v a l u e   t h e   c o n d i t i o n s   f o r   c h o k e d   f l o w   no  l o n g e r   e x i s t   a n d  

t h e   f l o w   v e l o c i t y   t h r o u g h   b o r e   27  f a l l s   to   a  s u b s o n i c   v a l u e .  

At  t h i s   j u n c t u r e ,   in   t h e   a b s e n c e   of   t h e   p i s t o n   53,   t h e   t r a n -  

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

t h e   o v e r a l l   f l o w   r a t e   t h r o u g h   t h e   b y p a s s   p a t h   to   a  v a l u e  

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

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

i n t o   t h e   f a c e m a s k   and  t h e   b y p a s s   f l o w   i s   n o t   s u b j e c t   to   t h e  

r e g u l a t o r y  e f f e c t s   of   t h e   demand   v a l v e ,   t h e   e x c e s s   a i r   w o u l d  

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

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

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

s u c h   w a s t a g e   t h e   p i s t o n   53  now  t a k e s   on  a  r e g u l a t o r y   f u n c t i o n ,  

as  f o l l o w s .  

The  p o s i t i o n   of   t h e   p i s t o n   a t   any  t i m e   i s   d e t e r m i n e d   by  t h e  

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

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

u p s t r e a m   of   t h e   0 - r i n g   54  i n t e g r a t e d   o v e r   t h e   e f f e c t i v e  

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

of  t h e   0 - r i n g   55  i n t e g r a t e d   o v e r   t h e   e f f e c t i v e   d o w n s t r e a m  

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

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

u p s t r e a m   s u r f a c e   a r e a .   F u r t h e r m o r e   t h e   p r e s s u r e   d o w n s t r e a m  

of   O - r i n g   55  and  t h e   p r e s s u r e   u p s t r e a m   of   O - r i n g   54  a r e   r e l a t e d  

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

d o w n s t r e a m   e n d s   of  t h e   p i s t o n   by  i t s   p a s s a g e w a y   64,   a  

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

t h r o u g h   t h i s   p a s s a g e w a y .  

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

in   c h o k e d   f l o w   in  t h e   b o r e   27,  t h e   b a l a n c e   of  t h r u s t   on  t h e  

p i s t o n   53  i s   s u c h   as  to   m a i n t a i n   i t   in   i t s   r i g h t w a r d   p o s i t i o n  

a g a i n s t   t h e   n o s e   61  of  t h e   w i t h d r a w n   s t e m   58.  A f t e r   t h e  

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

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



e x t e n t   t h a t   t h e   t h r u s t   on  t h e   d o w n s t r e a m   f a c e   now  o v e r c o m e s  

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

s h i f t s   l e f t w a r d s   b a c k   t o w a r d s   i t s   s e a t e d   p o s i t i o n .   As  t h e  

p i s t o n   moves   in   t h i s   d i r e c t i o n   i t s   c o n i c a l   h e a d   62  e n c o u n t e r s  

t h e   o r i f i c e   a t   t h e   j u n c t i o n   of  t h e   b o r e   27  w i t h   t h e   c h a m b e r  

52  and  r e s t r i c t s   t h e   c r o s s - s e c t i o n a l   a r e a   a v a i l a b l e   f o r   a i r  

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

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

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

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

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

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

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

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

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

63  o p e n s   up  t h e   a s s o c i a t e d   o r i f i c e   to   c o m p e n s a t e   f o r   t h e  

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

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

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

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

u s e r   of   t h e   a p p a r a t u s   to   make  an  e s c a p e   f o l l o w i n g   t h e   c h a n g e -  

o v e r   to   " b y p a s s "   b r e a t h i n g ,   e v e n   i f   t h a t   c h a n g e - o v e r   i s   m a d e  

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

The  g e o m e t r y   of   t h e   v a l v e   a s s e m b l y   d e s c r i b e d   in   r e l a t i o n   t o  

F i g u r e s   3  t o   5  p e r m i t s   i t s   v a r i o u s   c o m p o n e n t   p a r t s   to   be  d i s -  

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

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

p a r t i c u l a r   an  a s s e m b l y   13  as  i l l u s t r a t e d ,   t o g e t h e r   w i t h   t h e  

p r e s s u r e   r e d u c e r   3,  can   b e  m o u n t e d   to   a  c y l i n d e r   o f ,   s a y ,  

s e v e n   i n c h e s   (178  mm)  d i a m e t e r   w i t h   no  p a r t   of  t h e   a s s e m b l y  

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

c y l i n d e r ,   as  i n d i c a t e d   a t   1  in   F i g u r e   3.  By  s h r o u d i n g   a l l   o f  

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

s a y ,   d a m a g e   to   t h e   p r e s s u r e   g a u g e   14  or   i n a d v e r t e n t  t u r n i n g  

of  t h e   h a n d w h e e l s   34  and  57,  a r e   r e d u c e d .  



1.  B r e a t h i n g   a p p a r a t u s   c o m p r i s i n g :   a  s o u r c e   (1)   o f  

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

( 1 6 ) ;   a  f i r s t   f l o w p a t h   (4)  l e a d i n g   f rom  s a i d   s o u r c e   ( 1 )  

to  s a i d   i n t e r f a c e   means   ( 6 ) ,   s u c h   f l o w p a t h   i n c l u d i n g  
s h u t - o f f   means   (2)   and  d o w n s t r e a m   t h e r e o f   p r e s s u r e -  

r e d u c i n g   (3)   and  f l o w - c o n t r o l   (5)   m e a n s ;   and  a  s e c o n d  

f l o w p a t h   (12 )   l e a d i n g   f rom  s a i d   s o u r c e   (1)  to  s a i d  

i n t e r f a c e   means   ( 6 ) ,   c h a r a c t e r i s e d   in  t h a t   s a i d   s e c o n d  

f l o w p a t h   ( 1 2 )   i n c l u d e s   s h u t - o f f   and  p r e s s u r e - r e d u c i n g  

means   ( 1 1 )   and  i s   a r r a n g e d   to  d e l i v e r   gas  f rom  s a i d  

s o u r c e   (1)   to  s a i d   i n t e r f a c e   means   ( 6 ) ,   when  t he   s e c o n d -  

m e n t i o n e d   s h u t - o f f   means   ( 1 1 )   a r e   o p e n e d ,   i n d e p e n d e n t l y  

of  t h e   f i r s t - m e n t i o n e d   s h u t - o f f   ( 2 ) ,   p r e s s u r e - r e d u c i n g  

(3)   and  f l o w - c o n t r o l   (5)   m e a n s .  

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

s h u t - o f f   and  p r e s s u r e - r e d u c i n g   means   (11)   of  s a i d   s e c o n d  

f l o w p a t h   (12 )   a r e   f u n c t i o n a l l y   c o m b i n e d   in  a  v a l v e   w h i c h  

c o m p r i s e s :   a  p i s t o n   ( 5 3 )   s l i d a b l y   b o r n e   w i t h i n   a  

c h a m b e r   ( 5 2 ) ;   an  i n l e t   (27)   to  and  an  o u t l e t   (66)   f r o m  

the   c h a m b e r   (52 )   r e s p e c t i v e l y   u p s t r e a m   and  d o w n s t r e a m  

of  t h e   p i s t o n   ( 5 3 ) ;   t h e   u p s t r e a m   end  (62)   of  t he   p i s t o n  

( 5 3 )   b e i n g   a d a p t e d   to  s e a t   in  r e l a t i o n   to  s a i d   i n l e t  

( 2 7 )   to  s h u t   o f f   f l u i d   f l ow  t h e r e t h r o u g h ;   t h e   p i s t o n  

( 5 3 )   h a v i n g  a   p a s s a g e w a y   (64 )   t h r o u g h   i t   to  c o n d u c t  

f l u i d   t h r o u g h   the   c h a m b e r   (52 )   f rom  i t s   i n l e t   ( 2 7 )   t o  

i t s   o u t l e t   (66)   when  t h e   i n l e t   ( 27 )   is   o p e n e d   b y  

u n s e a t i n g   of  t he   p i s t o n   (53)   f rom  the   i n l e t   ( 2 7 ) ;   t h e  

d o w n s t r e a m   end  of  t h e   p i s t o n   ( 5 3 )   b e i n g   of  g r e a t e r  

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

( 6 2 ) ;   and  c o n t r o l   means   ( 6 1 )   w h i c h   a r e   o p e r a b l e  

s e l e c t i v e l y   to  u r g e   t he   p i s t o n   ( 5 3 )   i n t o   a  p o s i t i o n   i n  

w h i c h   i t s   u p s t r e a m   end  (62 )   s e a t s   in  r e l a t i o n   to  t h e  

c h a m b e r   i n l e t   (27)   as  a f o r e s a i d ,   or  to  r e l e a s e   t h e  

p i s t o n   ( 5 3 )   f o r   s l i d i n g   m o v e m e n t   w i t h i n   t he   c h a m b e r   ( 5 2 ) .  



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

c h a m b e r   (52)   is   of  s t e p p e d   b o r e   and  s a i d   p i s t o n   (53 )   i s  

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

of  t he   p i s t o n   (53 )   b e i n g   s l i d a b l y   s e a l e d   ( 5 4 , 5 5 )   a g a i n s t  

r e s p e c t i v e   p o r t i o n s   ( 5 2 A , 5 2 B )   of  the   c h a m b e r   b o r e ;   a n d  

t h e   u p s t r e a m   end  of  t he   p i s t o n   is   p r o v i d e d   as  a  c o n i c a l  

n o s e   (62 )   a d a p t e d   to  s e a t   in  r e l a t i o n   to  s a i d   i n l e t   ( 2 7 )  

a n d ,   when  the   p i s t o n   (53)   i s   r e l e a s e d   fo r   s l i d i n g  

m o v e m e n t   as  a f o r e s a i d ,   to  c o n t r o l   t he   e f f e c t i v e   c r o s s -  

s e c t i o n a l   a r e a   of  s a i d   i n l e t   ( 27 )   a v a i l a b l e   f o r   gas  f l o w  

as  a  f u n c t i o n   of  t he   a x i a l   p o s i t i o n   of  the   p i s t o n   ( 5 3 )  

in  t h e   c h a m b e r   ( 5 2 ) .  

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

u p s t r e a m   end  of  s a i d   p a s s a g e w a y   (64)   opens   to  s a i d  

c h a m b e r   (52 )   t h r o u g h   the   p i s t o n   (53)   at   a  p o s i t i o n  

b e t w e e n   s a i d   c o n i c a l   n o s e   (62 )   and  t he   s l i d a b l e   s e a l i n g  

means   ( 5 4 )   of  s a i d   u p s t r e a m   p o r t i o n   of  the   p i s t o n   ( 5 3 ) ,  

and  e x t e n d s   a x i a l l y   t h r o u g h   t he   p i s t o n   (53 )   to  open  t o  

s a i d   c h a m b e r   (52)   a t   i t s   d o w n s t r e a m   end  t h r o u g h   t h e  

d o w n s t r e a m   end  of  t he   p i s t o n   ( 5 3 ) .  

5.  B r e a t h i n g   a p p a r a t u s   a c c o r d i n g   to  any  one  of  c l a i m s   2  t o  

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

c o n t r o l l a b l e   member   (61)   m o v a b l e   b e t w e e n   a  f i r s t  

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

p i s t o n   ( 5 3 )  t o   m a i n t a i n   t he   p i s t o n   in  s a i d   p o s i t i o n   i n  

w h i c h   i t s   u p s t r e a m   ( 6 2 )   end  s e a t s   in  r e l a t i o n   to  t h e  

c h a m b e r   i n l e t   ( 2 7 ) ,   and  a  s e c o n d   p o s i t i o n   s p a c e d   f r o m  

the   f i r s t   in   w h i c h   t he   p i s t o n   (53 )   is   r e l e a s e d   f o r  

s l i d i n g   m o v e m e n t   w i t h i n   t he   c h a m b e r   ( 5 2 ) .  

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

w h e r e i n   b o t h   the   f i r s t   (2)  and  s e c o n d - m e n t i o n e d   ( 1 1 )  

s h u t - o f f   means  a r e   p r o v i d e d   in  a  common  v a l v e   a s s e m b l y  

( 1 3 )   w h i c h   c o m p r i s e s   a  body  ( 1 6 )   h a v i n g   a  main   g a s  



s u p p l y   p a s s a g e   (23)   l e a d i n g   f rom  s a i d   p r e s s u r i s e d   s o u r c e   ( 1 )  

w i t h   e a c h   s a i d   s h u t - o f f   ( 2 , 1 1 )   means   m o u n t e d   to  s a i d  

body  (16)   and  c o m m u n i c a t i n g   w i t h   s a i d   s u p p l y   p a s s a g e  

( 2 3 )   i n d e p e n d e n t l y   of  one  a n o t h e r .  

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

v a l v e   a s s e m b l y   ( 1 3 )   f u r t h e r   c o m p r i s e s   a  p r e s s u r e   g a u g e  

(14)   a n d / o r   p r e s s u r e   r e l i e f   means   (15)   m o u n t e d   to  s a i d  

body   ( 1 6 )   and  c o m m u n i c a t i n g   w i t h   s a i d   s u p p l y   p a s s a g e  

(23 )   i n d e p e n d e n t l y   of  one  a n o t h e r   and  i n d e p e n d e n t l y   o f  

b o t h   s a i d   s h u t - o f f   means   ( 2 , 1 1 ) .  

8.  B r e a t h i n g   a p p a r a t u s   a c c o r d i n g   to  c l a i m   6  or  c l a i m   7 

w h e r e i n   s a i d   body  ( 1 6 )   is  of  g e n e r a l l y   r e c t a n g u l a r   p l a n  

form  w i t h   t h e   f i r s t - m e n t i o n e d   s h u t - o f f   means   (2)   m o u n t e d  

to  a  f i r s t   s i d e   ( 1 7 )   t h e r e o f ,   t he   s e c o n d - m e n t i o n e d   s h u t -  

o f f   means   (11 )   m o u n t e d   to  a  s e c o n d   s i d e   t h e r e o f ,   and  a n y  

s a i d   p r e s s u r e   g a u g e   ( 1 4 )   a n d / o r   p r e s s u r e   r e l i e f   m e a n s  

(15)   m o u n t e d   to  a  t h i r d   s i d e   t h e r e o f .  

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

o u t l e t   c o n n e c t i o n   (41)   f rom  t he   f i r s t - m e n t i o n e d   s h u t - o f f  

means   (2)   l e a d i n g   to  s a i d   i n t e r f a c e   means   (6)   and  a n  

o u t l e t   c o n n e c t i o n   (66 )   f rom  the   s e c o n d - m e n t i o n e d   s h u t -  

o f f   means   (11 )   l e a d i n g   to  s a i d   i n t e r f a c e   means   (6)   a r e  

l o c a t e d   to  t h e   f o u r t h   s i d e   (18)   of  s a i d   body  ( 1 6 ) .  

10.  B r e a t h i n g   a p p a r a t u s   a c c o r d i n g   to  c l a i m   9  w h e r e i n   s a i d  

o u t l e t   c o n n e c t i o n   f rom  the   f i r s t - m e n t i o n e d   s h u t - o f f  

means   (2)   i s   in  t he   form  o f  a   s c r e w - t h r e a d e d   s p i g o t   ( 4 1 )  

to  w h i c h   a  p r e s s u r e - r e d u c i n g   means   (3)   of  t h e   f i r s t  

f l o w p a t h   (4)   is   s e c u r e d   by  means   of  a  s c r e w - t h r e a d e d  

r i n g   ( 4 2 ) ,   and  s a i d   o u t l e t   c o n n e c t i o n   from  t he   s e c o n d -  



m e n t i o n e d   s h u t - o f f   means   (11)   is   in  t he   form  of  a  s o c k e t  

( 6 6 )   i n t o   w h i c h   a  s p i g o t e d   c o n n e c t o r   (67)   of  the   s e c o n d  

f l o w p a t h   ( 1 2 )   is   i n s e r t e d ,   s a i d   c o n n e c t o r   (67)   b e i n g  

r e t a i n e d   in  s a i d   s o c k e t   (66)   by  the   o v e r l a p p i n g  

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

r i n g   ( 4 2 ) .  

11.  B r e a t h i n g   a p p a r a t u s   a c c o r d i n g   to  any  one  of  c l a i m s   6  t o  

10  in  w h i c h   s a i d   v a l v e   a s s e m b l y   ( 1 3 )   is   s e c u r e d   to  a  

p r e s s u r i s e d   gas  s o u r c e   p r o v i d e d   by  a  c y l i n d r i c a l  

c o n t a i n e r   (1)   and  t he   p a r t s   of  s a i d   f i r s t   (2)   a n d  

s e c o n d - m e n t i o n e d   (11)   s h u t - o f f   means  and  any  s a i d  

p r e s s u r e   g a u g e   ( 1 4 )   a n d / o r   p r e s s u r e   r e l i e f   means   ( 1 5 )  

a r e   d i s p o s e d   e n t i r e l y   w i t h i n   t he   p r o j e c t e d   c r o s s -  

s e c t i o n a l   a r e a   of  s a i d   c y l i n d r i c a l   c o n t a i n e r   ( 1 ) .  

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

c h a r a c t e r i s e d   by  a  p i s t o n   (53)   s l i d a b l y   b o r n e   w i t h i n   a  

c h a m b e r   ( 5 2 ) ;   an  i n l e t   (27)   to  and  an  o u t l e t   ( 66 )   f r o m  

t h e   c h a m b e r   (52 )   r e s p e c t i v e l y   u p s t r e a m   and  d o w n s t r e a m   o f  

t he   p i s t o n   ( 5 3 ) ;   t h e   u p s t r e a m   end  of  t he   p i s t o n   b e i n g  

a d a p t e d   to  s e a t   in  r e l a t i o n   to  s a i d   i n l e t   ( 2 7 )   to  s h u t  

o f f   f l u i d   f l o w   t h e r e t h r o u g h ;   t he   p i s t o n   (53 )   h a v i n g   a  

p a s s a g e w a y   (64 )   t h r o u g h   i t   to  c o n d u c t   f l u i d   t h r o u g h   t h e  

c h a m b e r   (52 )   f rom  i t s   i n l e t   (27)   to  i t s   o u t l e t   ( 66 )   w h e n  

t he   i n l e t   ( 2 7 )   is  o p e n e d   by  u n s e a t i n g   of  t h e   p i s t o n   ( 5 3 )  

f rom  t he   i n l e t   ( 2 7 ) ;  t h e   d o w n s t r e a m   end  of  the   p i s t o n  

(53 )   b e i n g   of  g r e a t e r   e f f e c t i v e   c r o s s - s e c t i o n a l   a r e a  

t h a n   i t s   u p s t r e a m   end  ( 6 2 ) ;   and  c o n t r o l   means   (61)   w h i c h  

a r e   o p e r a b l e   s e l e c t i v e l y   to  u r g e   t he   p i s t o n   (53 )   i n t o   a 

p o s i t i o n   in  w h i c h   i t s   u p s t r e a m   end  (62 )   s e a t s   i n  

r e l a t i o n   to  t he   c h a m b e r   i n l e t   ( 27 )   as  a f o r e s a i d ,   or  t o  

r e l e a s e   t h e   p i s t o n   (53 )   f o r   s l i d i n g   m o v e m e n t   w i t h i n   t h e  

c h a m b e r   ( 5 2 ) .  
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