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©  Valve  assembly  and  breathing  apparatus  incorporating  this  valve  assembly. 

A  valve  assembly  especially  for  a  breathing  apparatus 
comprises  a  housing  14,  an  inlet  for  admitting  gas  into  the 
housing  from  a  source  of  gas  at  a  superatmospheric  pressure, 
a  movable  valve  member  21  which  is  capable  of  closing  the 
gas  inlet  and  which,  in  operation,  is  acted  upon,  at  least when 
ist  is  closed  or  nearly  closed,  by  a  force  resulting  from  the 
pressure  difference  between  the  higher  pressure  gas 
upstream  of  the  inlet  and  the  lower  pressure  gas  in  the  hous- 
ing  14,  the  effect  of  which  force  is  to  tend  to  move  the  valve 
member  21  to  open  the  gas  inlet,  and  means  16  responsive  to 
the  difference  between  the  pressure  in  the  housing  14  and  the 
ambient  pressure,  the  pressure-responsive  means  16  being 
so  connected  to  the  valve  member  21  that,  if  the  pressure  in 
the  housing  14  exceeds  the  ambient  pressure,  at  least  by  a 
certain  amount,  the  pressure-responsive  means  16  exerts  a 
force  on  the  valve  member  21  which  tends  to  cause  the  valve 
member  to  move  to  close  the  inlet 



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   v a l v e   a s s e m b l i e s ,  

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

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

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  v a l v e   a s s e m b l y   w h i c h  

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

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

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

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

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

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

of  t h e   i n l e t   and  t h e   l o w e r   p r e s s u r e   gas   in   t h e   h o u s i n g ,   t h e  

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

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

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

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

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

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

to   c a u s e   t h e   v a l v e   member   to   move  to   c l o s e   t h e   i n l e t . -  

The  v a l v e   a s s e m b l y   may  f o r m   p a r t   of  a  b r e a t h i n g   a p p a r a t u s ,  

t h a t   i s   to   s a y ,   t h e   v a l v e   a s s e m b l y   may  be  a  so  c a l l e d   " d e m a n d  

v a l v e " .   I t   may  be  f i x e d   d i r e c t l y   t o  a   f a c e   mask   or  i t   may  b e  

c o n n e c t e d   to   a  mou th   p i e c e ,   f o r   e x a m p l e ,   in   an  a q u a l u n g .  

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



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

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

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

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

t h e   p r e s s u r e - r e s p o n s i v e   m e a n s   a c t s   o n l y   t o   t e n d   t o   move  5 

t h e   v a l v e   m e m b e r   t o   c l o s e   t h e .  i n l e t .   When  t h e   p r e s s u r e -  

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

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

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

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

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

d i a p h r a g m   and   i n t o   t h e   i n t e r i o r   of   t h e   h o u s i n g .   I t   w i l l   b e  

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

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

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

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

l e v e r   w h i c h   i s   so  m o u n t e d   as  t o   be  p i v o t a b l e   a b o u t   an  a x i s ,  

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

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

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

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

h a s   t h e   a d v a n t a g e   t h a t ,   as  i s   e x p l a i n e d   i n   g r e a t e r   d e t a i l  

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

b a l a n c e   of   f o r c e s .   P r e f e r a b l y ,   t h e   p a r t   of   t h e   m o v a b l e   v a l v e  

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



t o   t h e   p r e s s u r e - r e s p o n s i v e   means   a r e   s i t u a t e d   on  t h e   s a m e  

s i d e   of  t h e   a x i s   a b o u t   w h i c h   t h e   l e v e r   i s   p i v o t a b l e .   T h a t  

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

of  l e v e r ,   a  g r e a t e r  d e g r e e   of  l e v e r a g e   t h a n   can   be  p r o v i d e d  

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

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

p r e s s u r e - r e s p o n s i v e   m e a n s   a r e . s i t u a t e d   on  o p p o s i t e  s i d e s   o f  

t h e   a x i s   of   p i v o t .  

When  t h e   v a l v e   a s s e m b l y   i s   t o   s e r v e   as   a  d e m a n d   v a l v e   f o r  

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

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

v a l v e   a s s e m b l y  m a i n t a i n s   t h e   gas   in  t h e   h o u s i n g   a t   a  s u p e r -  

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

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

i n l e t   to   t h e   h o u s i n g   i s   o p e n e d   o n l y   when  t h e   gas   in  t h e   h o u s i n g  

i s   a t   a  s u b a t m o s p h e r i c   p r e s s u r e .   T h u s ,   any  l e a k a g e   t h a t   o c c u r s  

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

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

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

be  t h e   c a s e   i f   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   i n l e t   e v e r   f e l l  

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



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

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

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

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

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

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

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

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

r e s p o n s i v e   m e a n s .   P r e f e r a b l y ,   t h e   i m p e d a n c e   m e a n s   c o m p r i s e s  

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

m e m b e r   e x t e n d s   and   a l s o   w i t h   one  or  more   a p e r t u r e s   s i t u a t e d  

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

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

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

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

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

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

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

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

p r e s s u r e   o n l y   t h r o u g h   one  or   more   a p e r t u r e s   in   t h e   e x t e r n a l  

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

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

m e m b e r .   S a t i s f a c t o r y   d i m e n s i o n s   f o r   t h e   a p e r t u r e   or  a p e r t u r e s  

can   r e a d i l y   be  a s c e r t a i n e d   by  t r i a l   and  e r r o r ,   t h e   o b j e c t i v e  

b e i n g   to   make   t hem  s m a l l   e n o u g h   to   e l i m i n a t e   " f l u t t e r "   of  t h e  



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

a c c e p t a b l e   l e v e l ,   w h i l e   a t   t h e   same  t i m e   n o t   m a k i n a   t h e  

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

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

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

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

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

v a l v e   i s   a  v a l v e   a s s e m b l y   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 .  

A d v a n t a g e o u s l y ,   t h e   h o u s i n g   of  t h e   v a l v e   a s s e m b l y   i s  

f o r m e d   b y  a   p a r t   of  t h e   f a c e   m a s k .  

The  b r e a t h i n g   a p p a r a t u s   may  be  p r o v i d e d   w i t h   an  o r i - n a s a l  

mask  and  t h e n ,   when  t h e   v a l v e   a s s e m b l y   i s   p r o v i d e d   w i t h   i m p e d a n c e  

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

a p e r t u r e   or  a p e r t u r e s   in  t h e   c o v e r   m e m b e r ,   o t h e r   t h a n   t h e   a p e r t -  

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

c o m m u n i c a t e   d i r e c t l y   w i t h   t h e   i n t e r i o r   of  t h e   o r i - n a s a l   m a s k .  

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

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 .   1  i s   a  v e r t i c a l   c r o s s - s e c t i o n   t a k e n   t h r o u g h   t h e  

f i r s t   f o r m   o f  v a l v e   a s s e m b l y   w i t h   t h e   v a l v e   in   a  

f i r s t   p o s i t i o n ;  

F i g .   2  i s   a  c r o s s - s e c t i o n   c o r r e s p o n d i n g   to   t h a t   of  F i g .   1 ,  

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

F i g .   3  i s   a  f r o n t   v i e w   of  a  f a c e   mask  i n c o r p o r a t i n g   t h e  

s e c o n d   f o r m   o f  v a l v e   a s s e m b l y ;   a n d  



F i g .   4  i s   a  c r o s s - s e c t i o n   t a k e n   on  t h e   l i n e   I V - I V   i n  

F i g .   3 .  

R e f e r r i n g   to   F i g s .   1  a n d   2  of  t h e   a c c o m p a n y i n g   d r a w i n g s ,  

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

as  a  demand   v a l v e   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 e s   a  h o u s i n g  

w h i c h   i s   i n d i c a t e d   g e n e r a l l y   by  t h e   r e f e r e n c e   n u m e r a l   1,  a  

d i a p h r a g m   2  l o c a t e d   a t   one  end  of  t h e   h o u s i n g ,   a  t u b u l a r  

member   3  h a v i n g ,   a t   i t s   end  r e m o t e   f r o m   t h e   h o u s i n g ,   a  b e a d   4 

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

( n o t   s h o w n ) .   A  m e m b e r   5,  f o r m e d   w i t h   a  b o r e   w h i c h   t e r m i n a t e s  

a t   one  end   in   an  i n l e t   6,  i s   c o n n e c t e d   to   a  c o n d u i t   ( n o t   s h o w  

t h a t   can  i t s e l f   be  c o n n e c t e d   t o   a  s o u r c e   of  p r e s s u r i z e d  

r e s p i r a b l e   g a s .   As  s e e n   in  F i g .   1,  t h e   i n l e t   6  i s   c l o s e d   b y  

a  l e v e r   7  t h a t   i s   a t t a c h e d   t o   t h e   i n s i d e   of  t h e   h o u s i n g   1  b y  

a  p i v o t   8.  One  end   of  t h e   l e v e r   7  i s   l i n k e d ,  b y   m e a n s   of  a 

p i n   9  h a v i n g   a  h e a d  1 0 ,   t o   a  r i g i d   p l a t e   11  t h a t   i s   a t t a c h e d  

to   t h e   d i a p h r a g m   2.  The  p i n   9  p a s s e s   t h r o u g h   a  h o l e   a t   o n e  

end  of  t h e   l e v e r   7,  and   t h e   h e a d   10  e n g a g e s   t h e   s i d e   of   t h e  

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

One  s i d e   of  t h e   d i a p h r a g m   and   p l a t e   a s s e m b l y   2  and   1 1  

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

of  t h e   a s s e m b l y   i s   open   to   a m b i e n t   p r e s s u r e   by  way  of  a n  

a p e r t u r e   12  in  a  p r o t e c t i v e   c o v e r   13.  The  h o u s i n g   1,  t h e  

d i a p h r a g m   2  and   t h e   c o v e r   13  a r e   a l l   s e a l e d   a r o u n d   t h e i r  

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



I t   w i l l   be  n o t e d   t h a t   t h e   p i n   9  and  h e a d   10  a c t   on  t h e  

l e v e r   7  a t   a  d i s t a n c e   a  f r o m   t h e   p i v o t   8  t h a t   i s   g r e a t e r  

t h a n   t h e   d i s t a n c e   b  b e t w e e n   t h e   i n l e t   6  and  t h e   p i v o t .   I t   w i l l  
a l s o  

/ b e   n o t e d   t h a t   t h e   e f f e c t i v e   a r e a   of  t h e   d i a p h r a g m   2  i s   m u c h  

g r e a t e r   t h a n   t h e   a r e a   of  t h e   i n l e t   6.  C o n s e q u e n t l y ,   t h e   l e v e r  

7  moves   to   open   or  c l o s e   t h e   i n l e t   6  in  r e s p o n s e   t o   c h a n g e s  i n  

t h e   p r e s s u r e   w i t h i n   t h e   h o u s i n g   1  of   t h e   o r d e r   of  1  i n c h   w a t e r  

g a u g e   (250   Pa)  when  t h e   gas   s u p p l y   p r e s s u r e   i s  a b o u t   95  p o u n d s  

p e r   s q u a r e   i n c h   g a u g e   (650  k P a ) .  

F i g .   1  shows   t h e   d e m a n d   v a l v e   in   a  f i r s t   p o s i t i o n   i n  

w h i c h   t h e   l e v e r   7  c l o s e s   t h e   g a s   i n l e t   6.  The  v a l v e   a s s u m e s  

t h e   f i r s t   p o s i t i o n   when   t h e   p r e s s u r e   in  t h e   h o u s i n g   1  i s  

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

t h e   moment   a p p l i e d   t o   t h e   l e v e r   7  a b o u t   t h e   p i v o t   8  as  a  r e s u l t  

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

d i a p h r a g m   2  ( t h e   f i r s t   m o m e n t )   i s   g r e a t e r   t h a n   t h e   m o m e n t   o f  

t h e   f o r c e   a p p l i e d   t o   t h e   l e v e r   as  a  r e s u l t   of  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   in  t h e   c o n d u i t  5   and   t h e   p r e s s u r e   in   t h e  

h o u s i n g   1  ( t h e   s e c o n d   m o m e n t ) .   I f   t h e   p r e s s u r e   in   t h e   h o u s i n g  

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

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

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

a  s e c o n d   p o s i t i o n ,   w h i c h   i s   shown  in  F i g .   2,  in  w h i c h   t h e   g a s  

i n l e t   6  i s   o p e n .   I f   t h e   p r e s s u r e   in  t h e   h o u s i n g   1  a g a i n   r i s e s  

to   a  v a l u e   a b o v e   t h e   p r e d e t e r m i n e d   l e v e l ,   f o r   e x a m p l e ,   as  a 



r e s u l t   of  e x h a l a t i o n   by  the  w e a r e r   of   t h e   m a s k ,   t h e   v a l v e  

r e t u r n s   to   t h e   f i r s t   p o s i t i o n .  

R e f e r r i n g  t o  f i g s .   3  and   4  of  t h e   a c c o m p a n y i n g   d r a w i n g s ,  

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

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

w h i c h   i s   i n d i c a t e d   g e n e r a l l y   by  t h e   r e f e r e n c e   n u m e r a l   14  a n d  

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

The  h o u s i n g   14  i s   s l i g h t l y   t a p e r e d   o u t w a r d l y   and   i s   o p e n  
i n n e r   s i d e  

a t   i t s   l a r g e r ,   /  w h e r e   i t   i s   in   a i r - t i g h t   e n g a g e m e n t   w i t h   t h e  

f a c e   s e a l   15  of   t h e   f a c e   m a s k .   At  i t s   s m a l l e r ,   o u t e r   s i d e ,  

t h e   h o u s i n g   14  i s   f o r m e d   w i t h   a  c e n t r a l   a p e r t u r e   w h i c h   i s   c l o s e d  

by  a  f l e x i b l e   d i a p h r a g m   16.   F i x e d   to   t h e   o u t e r   s u r f a c e   of   t h e  

d i a p h r a g m   16  i s   a  r i g i d   c i r c u l a r   p l a t e   17  of  d i s h e d   f o r m .  

The  d i a p h r a g m   16  and   t h e   p l a t e   17  a r e   f o r m e d   w i t h   c e n t r a l  

a p e r t u r e s   t h r o u g h   w h i c h   t h e r e   p a s s e s   one   end   p o r t i o n , w h i c h   i s  

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

i n d i c a t e d   g e n e r a l l y   by  t h e   r e f e r e n c e   n u m e r a l   18.  The  d i a p h r a g m  

16  a n d   t h e   p l a t e   17  a r e   c l a m p e d   b e t w e e n   t h e   s h o u l d e r   on  t h e   p i n  

1 8 ,  f o r m e d   w h e r e   t h e   s c r e w - t h r e a d e d   end   p o r t i o n   of   t h e   p i n   m e e t s  

t h e   m a i n   body   of  t h e   p i n ,  a n d   a  n u t   19  on  t h e   s c r e w - t h r e a d e d  

p o r t i o n   of  t h e   p i n .  
1 8  

The  p i n / t e r m i n a t e s ,  a t   t h e   end   r e m o t e   f rom  t h e   s c r e w -  

t h r e a d e d   p o r t i o n ,   in   a  b a l l   20,  w h i c h   i s   o f   l a r g e r   d i a m e t e r  

t h a n   the pmain body of the pin  and  w h i c h   c a n   s e a t   in   a  r e c e s s   f o r m e d   t o w a r d s  

t h e   f ree:   end  of  a  l e v e r ,   w h i c h   i s   i n d i c a t e d   g a n   a l l y   by  t h e  



r e f e r e n c e   n u m e r a l   21.  The  p o r t i o n   22  of  t he   l e v e r   b e t w e e n   t h e  

r e c e s s   in  w h i c h   t he   b a l l   20  can   s e a t   and  the   f r e e   end  of  t h e  

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

r e s p e c t   to  t h e   l e v e r   and  t h r o u g h   w h i c h   t h e   p i n   18  can   be  i n s e r t e d  

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

The  l e v e r   21  is   p i v o t a l l y   m o u n t e d   a t   23  a d j a c e n t   to  t he   e n d  

of  t h e   l e v e r   t h a t   i s   r e m o t e   f rom  i t s   f r e e   end .   S e c u r e d   to  o n e  

s i d e   of  t h e   l e v e r   21  c l o s e   to   t h e   p o i n t   23  i s   a  r e s i l i e n t   p a d  

24  w h i c h ,   when  t h e   l e v e r   i s   in  t h e   p o s i t i o n   shown  in  F i g .   4 ,  

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

c o n d u i t   25,  w h i c h   i s   f o r m e d   in  a  member   26  w h i c h   i s   s e a l e d   in  a n  

a p e r t u r e   in  t h e   h o u s i n g   1 4 .  

The  s u p p l y   c o n d u i t   25  c o m m u n i c a t e s   v i a   t h e   h o l l o w   i n t e r i o r  

of  an  a i r   i n l e t   s w i v e l   e l b o w   member   26  t o  a n   a i r   s u p p l y   t ube   2 7 .  

B e t w e e n   t h e   a i r   i n l e t   and  t he   i m m e d i a t e   v i c i n i t y   of  t h e  
t h e  

d i a p h r a g m   16  t h e r e   i s   i n t e r p o s e d   i m p e d a n c e   means   i n / f o r m   of  a 

p l a s t i c s   c o v e r   member   28,  w h i c h   i s   f o r m e d   on  t h e   s i d e   n e a r e s t  

t h e   a i r   i n l e t   w i t h   a  s l i t   29  w h i c h   i s   j u s t   w ide   e n o u g h   to  a l l o w  

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

c o v e r   member  28  and  i s   l o n g   e n o u g h   to   e n s u r e   t h a t   t h e   l e v e r   i s  

f r e e   to   t u r n   f a r   e n o u g h   a b o u t   t h e   p i v o t   23  to   open  and  c l o s e   t h e  

a i r   i n l e t .   On  t h e   s i d e   r e m o t e   f rom  t h e   a i r   i n l e t ,   t h e   c o v e r  
28  

m e m b e r / i s   f o r m e d   w i t h   a  r e l a t i v e l y   l a r g e   a p e r t u r e   30  t h r o u g h  

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

d i a p h r a g m   16  and  t h e   c o v e r   member   28,  and  t h e   r e m a i n d e r   of  t h e  

i n t e r i o r   of  t he   h o u s i n g   1 4 .  



The  d i a p h r a g m   16  i s   p r o t e c t e d   a g a i n s t   e x t e r n a l  d a m a g e  

by  a  c o v e r   31,  w h i c h   may  be  f o r m e d   of   s t a i n l e s s   s t e e l ,   w h i c h  

i s   s e a l e d   to   t h e   h o u s i n g   14  and  w h i c h   i s   f o r m e d ,   in   i t s   u n d e r -  

s i d e ,   w i t h   t h r e e   a p e r t u r e s   32.  As  i s   e x p l a i n e d   h e r e i n b e f o r e ,  

t h e   d i m e n s i o n s   of  t h e   a p e r t u r e s   32  a r e   c h o s e n   to   r e d u c e   o r  

e l i m i n a t e   any  t e n d e n c y   t h e   l e v e r   21  may  h a v e   to   f l u t t e r   w h i l e  

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

d i a p h r a g m   16  t o   p r e s s u r e   c h a n g e s   w i t h i n   t h e   i n t e r i o r   of  t h e  

h o u s i n g   14.  The  l o c a t i o n   of  t h e   a p e r t u r e s   32  in  t h e   u n d e r s i d e  

of  t h e   c o v e r   31  r e d u c e s   t h e   r i s k   t h a t   a n y  o n e   of  t h e m   w i l l  

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

a p e r t u r e   r e n d e r s   t h e   c o n s e q u e n c e   of  b l o c k a g e   of  an  a p e r t u r e  

l e s s   s e r i o u s .   F u r t h e r ,   t h e   a p e r t u r e s   32  a r e   so  l o c a t e d   t h a t  

t h e y   c a n n o t   be  c l o s e d   by  t h e   d i a p h r a g m   1 6 .  

F i n a l l y ,   t h e   h o u s i n g   14  i s   p r o v i d e d   in  one  of  i t s   s i d e  

w a l l s   w i t 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   3 3 .  

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

The  a i r   s u p p l y   t u b e   27  i s   s u p p l i e d   w i t h   a i r   a t   a  p r e s s u r e  

o f ,   s a y ,   95  p o u n d s   p e r   s q u a r e   i n c h   g a u g e   (650  kPa)   and   i t   i s  

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

h o u s i n g   14  w i t h i n ,   s a y ,   t h e   r a n g e   of  f rom  0 . 5   i n c h   to   2 . 5  

i n c h e s   w a t e r   g a u g e   (125  to   625  P a ) .  

I t   w i l l   be  a p p r e c i a t e d   t h a t ,   as  in   t h e   c a s e   of  t h e  

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

r e f e r e n c e   t o   F i g s .   1  and   2,  t h e   h i g h   p r e s s u r e   a i r   a t   t h e   a i r  



i n l e t   a l w a y s   e x e r t s   a  f o r c e   on  t h e   l e v e r   21  t h a t   t e n d s   t o  

o p e n   t h e   i n l e t .   When  t h e   l e v e r   21  i s  i n   t h e   p o s i t i o n   s h o w n  

in   F i g .   4,  t h e   i n l e t   i s   c l o s e d   by  t h e   r e s i l i e n t   pad   24  on  t h e  

l e v e r   and  t h e   p r e s s u r e   i s   a  s t a t i c   p r e s s u r e .   When  t h e   l e v e r   21  

p i v o t s   c l o c k w i s e   a s   s e e n   in   F i g .   4  t o  o p e n   t h e  i n l e t ,   t h e  f o r c e  

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

h o u s i n g   14  i s , a t   l e a s t   in  p a r t ,   a  k i n e t i c   r e a c t i o n   on  t h e  

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

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

h o u s i n g   14  i s   a l w a y s   a b o v e   a m b i e n t   p r e s s u r e ,  t h e   p r e s s u r e  

d i f f e r e n c e   a c r o s s   t h e   d i a p h r a g m   16  i t s e l f   t e n d  t o   move  t h e  

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

p r e s s u r e   d i f f e r e n c e   i s   to   t e n d   to   move  t h e   l e v e r   21  to   c l o s e  

t h e   a i r   i n l e t .   The  f o r c e   e x e r t e d   on  t h e   p i n   18,  w h i c h   i s   c l a m p e d  

to   t h e   d i a p h r a g m   16,  d o e s   n o t ,   h o w e v e r ,   r e s u l t   s o l e l y   f r o m  t h e  

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

t e n s i o n   in   t h e   s k i r t   p o r t i o n   of  t h e   d i a p h r a g m ,   t h a t   i s   to   s a y ,  

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

p l a t e   17.   W i t h   t h e   c o n f i g u r a t i o n   o f  t h e   s k i r t   p o r t i o n   of  t h e  

d i a p h r a g m   16  shown  in   F i g .   4,  t h a t   t e n s i o n   w i l l   t e n d   to   e x e r t  

an  i n w a r d s   f o r c e   ( u p w a r d s   as  s e e n   in  F i g .   4)  on  t h e   p i n   18.   A s  

in   t h e   c a s e   of  t h e   c o r r e s p o n d i n g   p a r t s   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   w i t h   r e f e r e n c e   to   F i g s .   1  and   2,  h o w e v e r ,   t h e  

c o n n e c t i o n   b e t w e e n   t h e   p i n   18  and  t h e   l e v e r   21  i s   s u c h   t h a t  

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

to   c a u s e   t h e   l e v e r   to   move  to   open   t h e   a i r   i n l e t .  



The  d e s i r e d   b a l a n c e   of  f o r c e s   on  t h e   l e v e r   21  i s   o b t a i n c  

d e s p i t e   t h e   g r e a t   d i s p a r i t y   b e t w e e n   t h e   p r e s s u r e   of  t h e   a i r  

s u p p l i e d   to   t h e   a i r   i n l e t   and  t h e   p r e s s u r e   t h a t   o b t a i n s   i n  

t h e   h o u s i n g   14,  p a r t l y   b e c a u s e   of  t h e   l e v e r a g e   a f f o r d e d   b y  

t h e   l e v e r   21  and  p a r t l y   b e c a u s e   t h e   e f f e c t i v e   a r e a   of  t h e  

d i a p h r a g m   16  i s   much  l a r g e r   t h a n   t h e   a r e a   of   t h e   a i r   i n l e t .  

The  maximum  p r e s s u r e   r e a c h e d   w i t h i n   t h e   h o u s i n g   14  i s  

d e t e r m i n e d   by  t h e   s e t t i n g   of   t h e   e x h a l a t i o n   v a l v e   33,  w h i c h  

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

a i r   or  o t h e r   r e s p i r a b l e   g a s )   t h a t   t h e   a i r   i n l e t   and   t h e   e x h ,  

t i o n   v a l v e   a r e   n o t   open   a t   t h e   same  t i m e .  

The  c o n s t r u c t i o n   cf   t h e   v a l v e   a s s e m b l y   and  t h e   a s s o c i a  

b r e a t h i n g   a p p a r a t u s   can   of  c o u r s e   be  v a r i e d   in   many  r e s p e c t  

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

p a r t i c u l a r ,   t h e   a p e r t u r e   3 0  i n   t h e   c o v e r   m e m b e r   28  may  b e  

r e p l a c e d   by  an  a p e r t u r e   or  a p e r t u r e s   in  t h e   i n n e r   f a c e   ( t h e  

u p p e r   f a c e   as   s e e n   in   F i g .   4)  l e a d i n g   d i r e c t l y   to   t h e   i n t e :  

of   an  o r i - n a s a l   m a s k ,   w h i c h ,   may  i t s e l f   be  s e c u r e d   t o ,   o r  

i n t e g r a l   w i t h ,   t h e   c o v e r   member   2 8 .  



1.  A  v a l v e   a s s e m b l y   w h i c h   c o m p r i s e s   a  h o u s i n g ,   a n  

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

gas   a t   a  s u p e r a t m o s p h e r i c   p r e s s u r e ,   a  m o v a b l e   v a l v e   m e m b e r  

w h i c h   ip   c a p a b l e   of  c l c s i n g   t h e   gas   i n l e t   and  w h i c h ,   i n  

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

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

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

and  t h e   l o w e r   p r e s s u r e   gas   in  t h e   h o u s i n g ,   t h e   e f f e c t   o f  

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

t h e   gas   i n l e t ,   and  m e a n s   r e s p o n s i v e   to   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   in  t h e   h o u s i n g   and  t h e   a m b i e n t   p r e s s u r e ,  

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

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

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

r e s p o n s i v e   means   e x e r t s   a  f o r c e   on  t h e   v a l v e   member   w h i c h  

t e n d s   to   c a u s e   t h e   v a l v e   member   to   move  t o   c l o s e   t h e   i n l e t .  

2.  A  v a l v e   a s s e m b l y   as  c l a i m e d   in   c l a i m   1,  w h e r e i n  

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

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

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

h o u s i n g .  

3 .  A   v a l v e   a s s e m b l y   as  c l a i m e d   in  c l a i m   1  or   c l a i m . 2 ,  

w h e r e i n   t h e   m o v a b l e   v a l v e   member   i s   so  c o n n e c t e d   to   t h e  

p r e s s u r e - r e s p o n s i v e   m e a n s   t h a t   t h e   p r e s s u r e - r e s p o n s i v e   m e a n s  

a c t s   o n l y   to   t e n d   to   move  t h e   v a l v e   member   to   c l o s e   t h e   i n l e t .  



4.  A  v a l v e   a s s e m b l y   as  c l a i m e d   in   c l a i m   3  w h e n  

d e p e n d e n t   on  c l a i m   2,  w h e r e i n   t h e   v a l v e   m e m b e r   i s  

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

w h i c h   i s   f i x e d   t o ,   and  e x t e n d s   f r o m ,   t h e   c e n t r e   of  t h e  

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

of  t h e   c e n t r a l   p a r t   of  t h e   d i a p h r a g m   and   i n t o   t h e   i n t e r i o r  

of   t h e   h o u s i n g .  

5.  A  v a l v e   a s s e m b l y   as  c l a i m e d   in   a n y  o n e   of  c l a i m s  

1  t o   4,  w h e r e i n   t h e   m o v a b l e   v a l v e   member   c o m p r i s e s   a  l e v e r  

w h i c h   i s   so  m o u n t e d   as  to   be  p i v o t a b l e   a b o u t   an  a x i s ,   o f  

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

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

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

l e v e r .  

6.  A  v a l v e   a s s e m b l y   as  c l a i m e d   in   c l a i m   5,  w h e r e i n   t h e  

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

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

a r e   s i t u a t e d   on  t h e  s a m e   s i d e   of   t h e   a x i s   a b o u t   w h i c h   t h e  

l e v e r   i s   p i v o t a b l e .  

7.  A  v a l v e   a s s e m b l y   as  c l a i m e d   in   a n y  o n e   of  c l a i m s  

1  t o   6,  w h e r e i n   t h e   a r r a n g e m e n t   and   d i m e n s i o n s   a r e   s u c h   t h a t ,  

in   o p e r a t i o n ,   t h e   v a l v e   a s s e m b l y   m a i n t a i n s   t h e   gas   in   t h e  

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

8.  A  v a l v e   a s s e m b l y   as  c l a i m e d   in   any   one  of  c l a i m s  

1  to   7,  when  d e p e n d e n t   on  c l a i m   2,  w h e r e i n   t h e r e   i s   p r o v i d e d  

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



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

r e s p o n s i v e   m e a n s .  

9.  A  v a l v e   a s s e m b l y   as  c l a i m e d   in  c l a i m   8,  w h e r e i n  

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

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

a l s o   w i t h   one   or   more   a p e r t u r e s   s i t u a t e d   r e m o t e   f rom  t h e  

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

f o r   t h e   f l o w  o f   gas   w i t h i n   t h e   h o u s i n g   b e t w e e n   t h e   r e g i o n  

of  t h e   h o u s i n g   t h a t   is   i m m e d i a t e l y   a d j a c e n t   to   t h e   p r e s s u r e -  

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

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

10.   A  v a l v e   a s s e m b l y   as  c l a i m e d   in  a n y  o n e   of  c l a i m s   1 

to   9,  w h e r e i n   t h e r e   i s   p r o v i d e d   e x t e r n a l   c o v e r   m e a n s   a r r a n g e d  

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

t h e   p r e s s u r e - r e s p o n s i v e   means   i s   e x p o s e d   t o   a m b i e n t   p r e s s u r e  

o n l y   t h r o u g h   one  or  more  a p e r t u r e s   in  t h e   e x t e r n a l   c o v e r  

m e a n s ,  t h e   a p e r t u r e   or  a p e r t u r e s   b e i n g   so  d i m e n s i o n e d   as  t o  

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

11 .   A  v a l v e   a s s e m b l y   as  c l a i m e d   in   c l a i m   1  and   s u b s t a n -  

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

s h o w n  i n ,   F i g s .   1  and  2  of  t h e   a c c o m p a n y i n g   d r a w i n g s .  

12.   A  v a l v e   a s s e m b l y   as  c l a i m e d   in   c l a i m   1  and  s u b -  

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

as  shown  i n ,   F i g s .  3   and  4  of  t h e   a c c o m p a n y i n g   d r a w i n g s .  

13.   A  b r e a t h i n g   a p p a r a t u s ,   w h i c h   i n c l u d e s   a  f a c e   m a s k  

and  a  d e m a n d   v a l v e ,   w h e r e i n   t h e   d e m a n d   v a l v e   i s   a  v a l v e  

a s s e m b l y   as  c l a i m e d   in  a n y  o n e   of  c l a i m s   1  to   1 2 .  



14.  A  b r e a t h i n g   a p p a r a t u s   as  c l a i m e d   in  C l a i m   13,  w h e r e i n  

t h e   v a l v e   a s s e m b l y   i s   as  c l a i m e d   in  a n y  o n e   of  c l a i m s  1   to 10/ and 12 

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

t h e   f a c e   m a s k .  

15.  A  b r e a t h i n g   a p p a r a t u s   as  c l a i m e d   in   c l a i m   13,  w h i c h  
and   w h e r e i n  

i s   p r o v i d e d   w i t h   an  o r i - n a s a l   m a s k /   t h e   v a l v e   a s s e m b l y   i s  

p r o v i d e d   w i t h   i m p e d a n c e   m e a n s   as  c l a i m e d   in  c l a i m   9  and  t h e  

a p e r t u r e   or  a p e r t u r e s   in   t h e   c o v e r   m e m b e r ,   o t h e r   t h a n   t h e  

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

c o m m u n i c a t e   d i r e c t l y   w i t h   t h e   i n t e r i o r   of  t h e   o r i - n a s a l   m a s k .  
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