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@  Breathable  gas  delivery  regulator. 

A  breathable  gas  delivery  regulator  (10)  has  a  demand  valve 
(15)  which  will  open  easily  to  substantially  consistent  efforts  of  a 
user  throughout  the  pressure  range  of  supply  gas  from  a  molecu- 
lar  sieve  oxygen  generator  (not  shown).  The  demand  valve  (15)  is 
balanced  by  supply  gas  pressure  and  is  operably  connected, 
such  as  by  a  mechanical  lever  (29),  with  a  pressure-responsive 
wall  (27)  of  a  demand-pressure  sensing  chamber  (12)  which  is  in 
fluid  communication  with  a  gas  delivery  outlet  (17).  Movements  of 
the  pressure-responsive  wall  (27)  cause  the  demand  valve  (15)  to 
move  towards  opening  or  closing  and  thereby  regulate  the  flow  of 
supply  gas  from  a  supply  gas  inlet  (16)  to  the  gas  delivery  outlet 
(17). 



THIS  INVENTION  r e l a t e s   to  b r e a t h a b l e   gas  d e l i v e r y   r e g u l a t o r s  

and  more  p a r t i c u l a r l y   to  such  r e g u l a t o r s   of  the  demand  type  as  a r e  

used  in  a i r c r a f t   a p p l i c a t i o n s .  

R e g u l a t o r s   of  t h i s   type,   one  such  example  be ing   d i s c l o s e d   i n  

U . K .  -   A-1 ,228 ,481 ,   have  been  used  to  d e l i v e r   oxygen  or  a i r - d i l u t e d  

oxygen,  to  a i r c rew  members  from  oxygen  sources   t ha t   are  a r r anged   t o  

supply   gas  at  p r e s s u r e s   g e n e r a l l y   in  the  range  485  to  1035  kPa  (70  

to  150  p s i ) ,   which  range  p r o v i d e s   ample  p r e s s u r e   of  gas  to  o p e r a t e  

a i r   e n t r a i n m e n t   means  for  o b t a i n i n g   d i l u t i o n   and  pe rmi t s   ready  u s a g e  
of  a  flow  demand  valve  t ha t   can  s a t i s f a c t o r i l y   employ  supply  gas  t o  

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

However,  a  new  g e n e r a t i o n   of  oxygen  supply   systems  now  b e g i n n i n g  

to  emerge  for   use  in  a i r c r a f t ,   d e r i v e s   oxygen  from  the  ambient  a i r   b y  

p a s s i n g   a i r   b led   from  an  engine  of  the  a i r c r a f t ,   th rough  a  s i m p l e  

on-board   m o l e c u l a r   s ieve  oxygen  g e n e r a t o r   system  (MSOGS)  which  d e l i v e r s  

gas  at  p r e s s u r e s   g e n e r a l l y   between  70  and  345  kPa  (10  and  50  p s i ) .  

Ear ly   des igns   of  on-board   oxygen  g e n e r a t o r   systems  (OBOGS)  were  

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

c o n s i d e r e d   as  a  r ep l acemen t   for   the  l i q u i d   oxygen  c o n v e r t e r s   or  h i g h  

p r e s s u r e   c y l i n d e r   r e s e r v o i r s ,   l e a v i n g   the  r ema inde r   of  the  i n s t a l l a t i o n  

in  the  a i r c r a f t   u n a l t e r e d ,   and  were  thought   of  s o l e l y   in  terms  o f  

r e d u c i n g   the  o p e r a t i o n a l   l o g i s t i c s   of  p r o v i d i n g   l i q u i d   oxygen 

r e p l e n i s h m e n t   at  a i r f i e l d s .  

It  i s ,   t h e r e f o r e ,   u n d e r s t a n d a b l e   t h a t   a  prime  o b j e c t i v e   was  t h e n  

to  o b t a i n   maximum  oxygen  c o n c e n t r a t i o n   in  the  p roduc t   gas  s u p p l i e d   b y  

an  on-board   oxygen  g e n e r a t o r   (OBOG)  for   a l l   c o n d i t i o n s   of  f l i g h t ;  

e x c e s s i v e   oxygen  c o n c e n t r a t i o n s   in  the  p roduc t   gas  for  a  p a r t i c u l a r  

f l i g h t   c o n d i t i o n ,   being  reduced  by  d i l u t i o n   downstream  by  t h e  

d e l i v e r y   r e g u l a t o r   as  in  e a r l i e r   manner.  This  r e q u i r e d   tha t   t h e  

p r e s s u r e   of  the  product   gas  from  an  OBOG  be  i n c r e a s e d   p r i o r   to  i t s  

supply  to  the  r e g u l a t o r .  

Our  concept  is  to  p rov ide   a  complete   on-board   m o l e c u l a r   s i e v e  

oxygen  g e n e r a t i n g   and  d e l i v e r y   system  for   an  a i r c r a f t ,   in  which  t h e  



c o n s t i t u e n t   components  are  of  optimum  o p e r a t i n g   c o m p a t i b i l i t y   one  w i t h  

the  o t h e r .  

We  have  e s t a b l i s h e d   t h a t   a  m o l e c u l a r   s ieve   oxygen  g e n e r a t o r  

(MSOG)  can  be  c o n t r o l l e d   to  d e l i v e r   p roduc t   gas  having  an  oxygen  

c o n c e n t r a t i o n   t h a t   is  a p p r o p r i a t e   to  the  p e r t a i n i n g   cabin  a l t i t u d e ,  

such  a  system  be ing   d i s c l o s e d   in  EP-A-0  046  369  (European  P a t e n t  

A p p l i c a t i o n   No.  81303677.9  f i l e d   12th  August,  1981).  WithanMSOG 

so  c o n t r o l l e d ,   t h e r e   is  no  r e q u i r e m e n t   for   d i l u t i o n   of  the  p r o d u c t  

gas,  so  e l i m i n a t i n g   the  need  for   the  i n c l u s i o n   of  means  for  e n t r a i n i n g  

a i r   in to   the  d e l i v e r y   flow  of  the  r e g u l a t o r   a s s o c i a t e d   with  the  MSOG. 

However,  a  problem  a r i s e s   wi th   r e s p e c t   to  demand  valve  o p e r a t i o n   i n  

a  r e g u l a t o r   t h a t   w i l l   accommodate  the  lower  range  of  supply  g a s  

p r e s s u r e ,   p a r t i c u l a r l y   at  i t s   lower  end  towards  70  kPa  (10  p s i ) ,  

a v a i l a b l e   from  an  MSOG. 

Demand  v a l v e s   in  con tempora ry   a v i a t i o n   demand-type  oxygen  

r e g u l a t o r s ,   which  have  supply  p r e s s u r e s   of  485  kPa  (70  ps i )   and  above ,  

r e q u i r e   the  va lve   to  l i f t   by  only  a  small   amount  in  order   to  d e l i v e r  

the  d e s i r e d   r a t e   of  gas  flow.  Although  t h i s   is  s a t i s f a c t o r y   for   t h e  

h i g h e s t   gas  p r e s s u r e   s u p p l i e d   by  an  MSOG,  i t   is  not  so  for  the  l o w e r  

p r e s s u r e s   in  the  range  because   to  ob t a in   the  same  d e s i r e d   r a t e   of  f l o w  

at  these   lower  p r e s s u r e s   for   the  same  amount  of  valve  l i f t ,   the  v a l v e  

must  have  a  c o n s i d e r a b l y   l a r g e r   than  usua l   valve  o r i f i c e :   as  t h e  

demand  valve  is   he ld   c l o s e d   by  supply  gas  p r e s s u r e ,   a  l a rge   o r i f i c e  

would  give  r i s e   to  e x c e s s i v e l y   l a rge   valve  c lamping  p r e s s u r e s   at  t h e  

h i g h e r   p r e s s u r e s   in  the  r a n g e .  

Thus  t h e r e   is  a  r e q u i r e m e n t   for   a  gas  d e l i v e r y   r e g u l a t o r   h a v i n g  

a  demand  va lve   t h a t   opens  e a s i l y   to  s u b s t a n t i a l l y   c o n s i s t e n t   e f f o r t s  

of  a  use r   t h r o u g h o u t   the  range  of  p r e s s u r e   of  the  gas  supply  from  a n  

MSOG. 

Accord ing   to  the  p r e s e n t   i n v e n t i o n   a  b r e a t h a b l e   gas  d e l i v e r y  

r e g u l a t o r   hav ing   a  supply   gas  i n l e t   connec ted   with  a  gas  d e l i v e r y  

o u t l e t   by  way  of  a  condu i t   a r rangement   which  is  c l o s a b l e   by  a  demand 

va lve ,   is  c h a r a c t e r i s e d   in  tha t   the  demand  valve  is  adapted  f o r  

p r e s s u r e   b a l a n c e   by  supply   gas,  and  is  in  ope rab l e   connec t ion   with  a  

p r e s s u r e - r e s p o n s i v e   wal l   of  a  demand-p res su re   s e n s i n g   chamber  h a v i n g  

f l u i d   c o n n e c t i o n   wi th   the  gas  d e l i v e r y   o u t l e t .  

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



demand  valve  is  of  p o p p e t - t y p e   and  compr ises   a  poppet   v a l v e - h e a d  

connec ted   by  a  sp ind l e   to  a  spool  p o r t i o n .  

P r e f e r a b l y   the  p o p p e t - t y p e   demand  valve   is  adapted  for   p r e s s u r e  

ba lance   by  c o u n t e r a c t i n g   areas   exposed  to  supply   gas  p r e s s u r e ,   t h e  

c o u n t e r a c t i n g   areas   be ing   p rov ided   by  an  end  face  area   of  the  s p o o l  

p o r t i o n   and  the  opposed  c lo sed   face  area   of  the  poppet  v a l v e - h e a d  

which  is  coupled  to  the  end  face  area   of  the  spool  p o r t i o n   by  a  

s p i n d l e .  

In  a  p r e f e r r e d   embodiment  of  a  r e g u l a t o r   in  accordance   w i t h  

the  p r e s e n t   i n v e n t i o n ,   grooves  in  a  manner  fo rming   a  l a b y r i n t h   s e a l  

are  p rov ided   on  the  c i r c u m f e r e n t i a l   s u r f a c e   of  the  spool  p o r t i o n   o f  

the  p o p p e t - t y p e   demand  valve  and  means  are  p r o v i d e d   for  v e n t i n g  

l eakage   of  supply  gas  pas t   the  l a b y r i n t h   s ea l .   The  vent   means  may 

comprise   a  vent  chamber  which  is  spanned  by  a  p l a i n   l e n g t h   of  t h e  

spool  p o r t i o n .  

In  order   tha t   s a f e t y   p r e s s u r e ,   i . e .   a  small  p o s i t i v e   gas  p r e s s u r e  
in  the  c a v i t y   of  an  a v i a t o r ' s   b r e a t h i n g   mask  to  p r even t   i n g r e s s   o f  

t o x i c a n t s   around  the  face  s ea l ,   may  be  m a i n t a i n e d   c o n t i n u o u s l y ,   i t  

is  c o n v e n i e n t   to  hold  the  poppet  valve  open  s u f f i c i e n t l y   to  p r o v i d e  

t h i s   c o n d i t i o n   by  p r e l o a d i n g   the  valve  by  d i r e c t ,   or  s u b s t a n t i a l l y  

d i r e c t ,   a p p l i c a t i o n   of  a  r e s i l i e n t   f o r c e ,   p r e f e r a b l y   by  a  sp r ing ,   o r  

a l t e r n a t i v e l y ,   by  p r e l o a d i n g   the  p r e s s u r e - r e s p o n s i v e   wall   by  a  

r e s i l i e n t   force   which  is  t r a n s m i t t e d   to  the  va lve   by  way  of  a  

mechan ica l   member  which  p rov ides   for  o p e r a b l e   c o n n e c t i o n   between  t h e  

p r e s s u r e - r e s p o n s i v e   wall  and  the  v a l v e .  

In  one  b r e a t h a b l e   gas  d e l i v e r y   r e g u l a t o r   in  accordance   with  t h e  

i n v e n t i o n ,   and  s u i t e d   for  use  by  an  a v i a t o r ,   the  p r e s s u r e - r e s p o n s i v e  

wall   of  the  demand-p res su re   s ens ing   chamber  is  common  to  a  b r e a t h i n g -  

p r e s s u r e   c o n t r o l   chamber  having   a  b a r o s t a t i c a l l y - c o n t r o l l e d   o u t l e t ,  

the  two  chambers  be ing   i n t e r c o n n e c t e d   by  an  o r i f i c e - c o n t r o l l e d   b l e e d  

pa th .   Conven ien t ly   the  o r i f i c e - c o n t r o l l e d   b leed   path  may  be  p r o v i d e d  

in  the  p r e s s u r e - r e s p o n s i v e   w a l l .  

P r e f e r a b l y   out f low  from  the  b a r o s t a t i c a l l y - c o n t r o l l e d   o u t l e t  

may  pass  to  ano ther   o u t l e t   which  is  c l o s a b l e   by  a  push  b u t t o n   w h i c h  

is  s p r i n g - l o a d e d   in to   an  open  p o s i t i o n .  

A  p r e s s u r e - c o m p e n s a t e d   r e l i e f   valve  may  be  i n c l u d e d   for  r e l i e v i n g  

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



b r e a t h i n g - p r e s s u r e   c o n t r o l   chamber  p r e s s u r e   which  is  i t s e l f  

d i r e c t l y   r e l a t e d   to  cabin  p r e s s u r e .  
The  i n v e n t i o n   w i l l   now  be  f u r t h e r   d e s c r i b e d   by  way  of  example  

and  with  r e f e r e n c e   to  the  accompanying  drawing  which  shows  a  s c h e m a t i c  

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

axis   of  a  demand  va lve   fo rming   pa r t   of  the  r e g u l a t o r .  

R e f e r r i n g   to  the  drawing,   a  demand  type  oxygen  d e l i v e r y  

r e g u l a t o r   10  for  use  by  an  a v i a t o r   compr ises   a  body  11  c o n t a i n i n g  
th ree   f l u i d l y   i n t e r c o n n e c t e d   p r e s s u r e   chambers  compr i s ing   a  demand- 

p r e s s u r e   s e n s i n g   chamber  12,  a  b r e a t h i n g - p r e s s u r e   c o n t r o l   chamber  13 

and  a  c a b i n - p r e s s u r e   s e n s i n g   chamber  14.  The  body  11  also  p rov ides   a  

hous ing   for   a  demand  va lve   a r r angement   15;  t h i s   hous ing   i n c l u d e s   a n  

oxygen  supply  i n l e t   16  and  a  d e l i v e r y   o u t l e t   17  tha t   is  d i r e c t e d   i n t o  

an  o u t l e t   tube  18 .  

The  demand  va lve   a r rangement   15  i n c l u d e s   a  p o p p e t - t y p e   demand 

valve   member  19  c o m p r i s i n g   a  v a l v e - h e a d   20  which  is  c a r r i e d   by  a  

s p i n d l e   21  from  a  spool  22.  The  s p i n d l e   21  is  a r ranged   to  span  t h e  

chamber  formed  by  the  supply   i n l e t   16  w h i l s t   the  e f f e c t i v e   areas   o f  

the  spool  22  and  the  v a l v e - h e a d   20,  exposed  to  i n l e t   p r e s s u r e ,   are  t h e  

same.  The  d e l i v e r y   o u t l e t   17  p r o v i d e s   a  valve  seat   23  onto  which  t h e  

v a l v e - h e a d   20  is  urged  to  c lose   by  a  compress ion   sp r ing   24 .  

O p t i o n a l l y ,   a  h e l i c a l   plug  type  s p r i n g   a d j u s t e r   (not  shown)  i s  

p r o v i d e d   fo r   a d j u s t m e n t   of  the  s p r i n g   24.  The  spool  22  i s  

a r r anged   to  p r o j e c t   i n to   the  demand-p re s su re   s ens ing   chamber  12  and  i s  

p rov ided   on  i t s   c i r c u m f e r e n t i a l   su r f ace   with  grooves  in  a  manner  

forming  a  l a b y r i n t h   sea l   25.  The  p l a i n   p o r t i o n   of  the  spool  22  on  t h e  

low  p r e s s u r e   s ide  of  the  l a b y r i n t h   seal   25  spans  a  vent  chamber  26 

in  the  r e g u l a t o r   body  11  whereby  l eakage   of  supply  gas  pas t   t h e  

l a b y r i n t h   sea l   25  is  d i s s i p a t e d   w i thou t   a f f e c t i n g   the  ba lance   of  t h e  

v a l v e .  

The  d e m a n d - p r e s s u r e   s ens ing   chamber  12  is  f l u i d l y   connected   t o  

the  o u t l e t   tube  18  and  is  s e p a r a t e d   from  the  b r e a t h i n g - p r e s s u r e  

c o n t r o l   chamber  13  by  a  p r e s s u r e - r e s p o n s i v e   wall   in  the  form  of  a  

p r e s s u r e - r e s p o n s i v e   f l e x i b l e   diaphragm  27  which  is  provided  with  an  

o r i f i c e   28  in  o rder   to  permit   a  small  flow  to  pass  from  one  chamber  

to  the  o t h e r .   The  c e n t r e   of  the  diaphragm  27  is  a t t ached   to  one  e n d  

of  a  va lve   o p e r a t i n g   l e v e r   29  which  is  a r r anged   to  rock  about  i t s  



a p p r o p r i a t e l y   formed  oppos i t e   end  w i t h i n   a  l o c a t i o n   30  in  a  wall  o f  

the  d e m a n d - p r e s s u r e   s ens ing   chamber  12.  I n t e r m e d i a t e   of  i t s   ends  

the  l e v e r   29  is  p rov ided   with  a  pad  31  which  c o n t a c t s   the  p r o j e c t i n g  

end  of  the  spool  22.  A  compress ion   s p r i n g   32  is  a r r anged   a x i a l l y   o f  

the  spool  22  and  is  he ld   between  a  l o c a t i o n   on  the  l e v e r   29,  b e h i n d  

the  pad  31,  and  a  sp r i ng   a d j u s t e r   33  t ha t   is  a d j u s t a b l e   from  o u t s i d e  

the  r e g u l a t o r   body  11.  The  chosen  a d j u s t m e n t   is  such  tha t   when  t h e  

p r e s s u r e - r e s p o n s i v e   diaphragm  27  is  in  the  n u l l   p o s i t i o n ,   the  v a l v e -  

head  20  is  he ld   off   the  valve  seat   23,  a g a i n s t   the  c l o s i n g   p r e s s u r e  
e x e r t e d   by  the  o the r   compress ion   sp r i ng   24,  s u f f i c i e n t   to  m a i n t a i n   a  

p o s i t i v e   p r e s s u r e   ( s a f e t y   p r e s s u r e )   of  250  Pa  (1  in/WG)  in  the  o u t l e t  

tube  18  and  thus  in  an  a v i a t o r ' s   b r e a t h i n g   mask  (not  shown)  c o n n e c t e d  

to  the  tube  18 .  

An  ' o n / o f f '   l e v e r   a r rangement   34  i n c l u d e s   a  s h a f t   t ha t   p r o j e c t s  

th rough   a  wall   of  the  r e g u l a t o r   body  11  and  c a r r i e s   a  sprag-arm  35 

w i t h i n   the  demand-p re s su re   s ens ing   chamber  12  and  a  manual ly   o p e r a b l e  

l e v e r   36  e x t e r n a l l y   of  the  r e g u l a t o r   10.  The  arc  of  movement  of  t h e  

sp rag -a rm  35  t akes   i t   in to   and  out  of  engagement  with  the  v a l v e  

o p e r a t i n g   l e v e r   29  so  t ha t   when  in  engagement  the  e f f e c t   o f  

compress ion   s p r i n g   32  is  nega ted   whereby  the  v a l v e - c l o s i n g   sp r i ng   24 

causes   the  valve  to  sea t   and  p r e v e n t s   wastage  of  oxygen  dur ing   n o n - u s e  

of  the  r e g u l a t o r .  

The  b r e a t h i n g - p r e s s u r e   c o n t r o l   chamber  13  is  p rov ided   with  a  

l a r g e   o u t l e t   por t   37  in  one  wall  which,  on  i t s   ou t e r   side  w i t h i n   t h e  

c a b i n - p r e s s u r e   s ens ing   chamber  14,  p r o v i d e s   a  sea t   38  for   a  v a l v e - h e a d  

39  t h a t   is  mounted  on  an  ane ro id   capsu le   40.  The  capsu le   40  i s  

c a r r i e d   on  an  a d j u s t i n g   screw  41  which  p r o j e c t s   th rough   an  ou te r   w a l l  

of  the  s e n s i n g   chamber  14.  Discharge   from  the  s e n s i n g   chamber  14  i s  

enabled   by  an  o u t l e t   42  which  is  normal ly   o p e n ,  b u t   can  be  c losed   b y  

a  s p r i n g   loaded  push  b u t t o n   43  to  p rov ide   a  t e s t   f a c i l i t y .  

A  p r e s s u r e - c o m p e n s a t e d   r e l i e f   valve  44  is  mounted  on  the  o u t l e t  

tube  18  of  the  r e g u l a t o r   and  comprises   a  va lve   head  45  c a r r i e d   on  a  

f l e x i b l e   diaphragm  46.  The  valve  is  connec ted   so  as  to  be  r e s p o n s i v e  

to  gas  p r e s s u r e   in  the  b r e a t h i n g - p r e s s u r e   c o n t r o l   chamber  13  by  way 

of  a  duct  47  and  is  a r r anged ,   by  i n c l u s i o n   of  a  l i g h t   sp r i ng   48,  t o  

r e l i e v e   when  p r e s s u r e   in  the  o u t l e t   tube  18  i s ,   say,  125  Pa  (0.5  i n s  

WG)  above  t ha t   in  the  c o n t r o l   chamber  1 3 .  



The  duct  47  is  b ranched   and  connec t s   also  with  a  p r e s s u r e -  
r e l i e f   valve  49  t h a t   is  a r r a n g e d   to  open  when  a  p r e d e t e r m i n e d  
maximum  p r e s s u r e ,   say,  4.5  kPa(18 ins  WG)occurs   in  the  b r e a t h i n g -  

p r e s s u r e   c o n t r o l   chamber  13.  This  p r e s s u r e   is  de te rmined   by  t h e  

maximum  a l t i t u d e   at  which  the  a i r c r a f t   is  expec ted   to  ope ra t e ;   i n  

t h i s   example  15250  m.  (50000  f e e t ) .  

In  o p e r a t i o n   of  the  demand  type  b r e a t h a b l e   gas  r e g u l a t o r   10,  when 

supply   gas  is  a v a i l a b l e   at  the  i n l e t   16,  the  demand  valve  member  19 

responds   to  the  i n h a l a t o r y   and  e x h a l a t o r y   phases   of  a  user   a v i a t o r ' s  

b r e a t h i n g   cycle   by  way  of  movement  of  the  p r e s s u r e   r e s p o n s i v e  

diaphragm  27.  B r e a t h i n g   cycle   p r e s s u r e   e x i s t s   in  the  o u t l e t   tube  18 

and  in  the  f l u i d l y   connec t ed   demand-p re s su re   s ens ing   chamber  12,  b e i n g  

sensed  by  the  diaphragm  27.  The  diaphragm  27  is  drawn  in  a  downward 

d i r e c t i o n ,   as  viewed  in  the  drawing,   dur ing   i n h a l a t i o n   so  as  t o  

d e f l e c t   the  valve  o p e r a t i n g   l e v e r   29  to  rock  w i t h i n   i t s   t e r m i n a l  

l o c a t i o n   30  and  move  t h e  v a l v e   member  19  to   the  r i g h t   as  viewed  i n  

the  drawing  from  the  p r e s e t   s l i g h t l y   open  v a l v e - h e a d   20  p o s i t i o n ,   t h a t  

gives  the  s a f e t y   p r e s s u r e   c o n d i t i o n ,   to  a  f u l l   flow  s t a t e   g iv ing   a  

r a p i d   maximum  flow  r e sponse   f e e d i n g   b r e a t h a b l e   gas  in to   the  o u t l e t  

tube  18.  Because  the  va lve   member  19  is  p r e s s u r e   ba lanced   by  t h e  

supply   gas  p r e s s u r e   the  s p r i n g   fo rce   p r o v i d i n g   s a f e t y   p r e s s u r e   and  

valve   c l o s u r e   can  be  smal l ,   t h e r e b y   a l l owing   a  s u b s t a n t i a l l y  

c o n s i s t e n t   r e sponse   c h a r a c t e r i s t i c   of  the  valve  over  the  e n t i r e  

o p e r a t i n g   p r e s s u r e   range  of  an  a s s o c i a t e d   MSOG  (not  shown).  E x h a l a t i o n  

causes   a  c e s s a t i o n   of  flow  th rough   and  consequent   p r e s s u r e   b u i l d - u p  

in  the  o u t l e t   tube  18  and  in  the  chamber  12  to  an  ex ten t   where  t h e  

diaphragm  27  is  r a i s e d   above  i t s   n u l l   p o s i t i o n   and  the  v a l v e  

o p e r a t i n g   l e v e r   29  is  moved  to  a  p o s i t i o n   enab l ing   the  v a l v e - h e a d   20 

to  move  to  i t s   n e a r l y   c l o sed   p o s i t i o n   g iv ing   s a f e t y   p r e s s u r e   a s  

d e s c r i b e d ,   u n t i l   the  cycle   i s   r e p e a t e d .  

B r e a t h a b l e   gas  b l eeds   from  chamber  12  to  ambient  by  way  of  t h e  

o r i f i c e   28  in  the  s e n s i n g   diaphragm  27,  the  b r e a t h i n g - p r e s s u r e   c o n t r o l  

chamber  13,  the  l a r g e   o u t l e t   por t   37  t h e r e o f ,   and  the  cabin  p r e s s u r e  

s e n s i n g   chamber  14  and  i t s   o u t l e t   4 2 .  

With  i n c r e a s i n g   cabin   a l t i t u d e   ( d e c r e a s i n g   ambient  p r e s s u r e )  

from,  say,  12000  m.  (40000  f e e t )   the  anero id   capsule   40,  w h i c h  

c o n t a i n s   a  compress ion   s p r i n g   (not  shown),  becomes  expanded  to  c a r r y  



i t s   v a l v e - h e a d   39  towards  engaging   the  v a l v e - s e a t   38  and  r e s t r i c t i n g  

the  flow  th rough   the  l a rge   o u t l e t   por t   37,  t h e r e b y   d e v e l o p i n g  

i n c r e a s i n g   p r e s s u r e   in  the  b r e a t h i n g - p r e s s u r e   c o n t r o l   chamber  13  and,  

c o n s e q u e n t l y ,   an  i n c r e a s i n g   c l o s i n g   p r e s s u r e   on  the  diaphragm  46  o f  

the  r e l i e f   valve  44,  and  an  i n c r e a s i n g   p r e s s u r e   in  the  o u t l e t   tube  18 

and  in  the  a v i a t o r ' s   b r e a t h i n g   mask  (not  shown).  As  the  cabin  a l t i t u d e  

r e t u r n s   to  12000  m.  the  capsu le   40  c o n t r a c t s   and  t h i s   r e s t r i c t i o n   o f  

the  l a r g e   o u t l e t   por t   37  is  p r o g r e s s i v e l y   r emoved .  

The  p r e s s u r e - c o m p e n s a t e d   r e l i e f   valve  44  ensu re s   t ha t   p r e s s u r e   i n  

the  o u t l e t   tube  18  and  in  the  b r e a t h i n g   mask  (not  shown)  w i l l   r e l i e v e  

should  the  p r e s s u r e   t h e r e i n   reach  a  value  of  125  Pa  (0.5  ins .   WG) 

g r e a t e r   than  the  p e r t a i n i n g   c o n t r o l - p r e s s u r e   in  chamber  13;  w h e r e a s  

the  p r e s s u r e - r e l i e f   valve  49  w i l l   r e l i e v e   when  the  b r e a t h i n g - p r e s s u r e  

c o n t r o l   chamber  p r e s s u r e   r eaches   the  p r e d e t e r m i n e d   p r e s s u r e   of  4 . 5  

kPa(18  insWG)  which  is  s l i g h t l y   above  tha t   of  the  maximum  d e s i r e d  

c o n t r o l   p r e s s u r e   which  is  a p p r o p r i a t e   to  the  minimum  cabin  p r e s s u r e  
the  r e g u l a t o r   must  s a t i s f y .  

The  p u s h - b u t t o n   43  p rov ides   a  manual  t e s t   f a c i l i t y   for   c h e c k i n g ,  

be fo re   f l i g h t ,   tha t   the  a v i a t o r ' s   b r e a t h i n g   mask  (not  shown)  i s  

f i t t i n g   c o r r e c t l y   and  t ha t   t he re   are  no  a p p r e c i a b l e   leaks   in  t h e  

oxygen  d e l i v e r y   system  fed  from  the  r e g u l a t o r   10.  By  c l o s i n g   t h e  

p u s h - b u t t o n   43,  with  oxygen  be ing   s u p p l i e d   to  the  r e g u l a t o r ,   t h e  

v e n t i n g   to  ambient  of  s a f e t y   p r e s s u r e   b l eed   is  p r e v e n t e d   u n t i l   t h e  

b r e a t h i n g - p r e s s u r e   c o n t r o l   chamber  p r e s s u r e   r eaches   the  p r e s s u r e   a t  

which  the  p r e s s u r e - r e l i e f   valve  44  o p e n s .  

In  most  p r i o r   ar t   r e g u l a t o r s ,   s a f e t y   p r e s s u r e   gas  flow  in to   t h e  

b r e a t h i n g - p r e s s u r e   chamber  is  taken  from  the  gas  supply  to  the  demand 

valve  and  is  c o n t r o l l e d   by  a  very  small  o r i f i c e .   In  the  r e g u l a t o r   o f  

the  p r e s e n t   i n v e n t i o n ,   because  the  demand  va lve   member  19  i t s e l f   i s  

a r r a n g e d   to  d e l i v e r   the  s a f e t y   p r e s s u r e   flow,  the  gas  flow  in to   t h e  

b r e a t h i n g - p r e s s u r e   c o n t r o l   chamber  13  is  taken  from  the  d e m a n d - p r e s s u r e  

s e n s i n g   chamber  12  by  way  of  the  r e l a t i v e l y   l a r g e   o r i f i c e   28  which  i s  

l e s s   l i k e l y   to  become  o b s t r u c t e d   than  the  f ine   o r i f i c e s   of  the  p r i o r  

ar t   r e g u l a t o r s .  

Where  r e q u i r e d ,   a  f o l l o w e r   diaphragm  (not  shown)  may  be  

accommodated  to  ma in t a in   the  volume  of  the  b r e a t h i n g - p r e s s u r e   c o n t r o l  

chamber  13  c o n s t a n t   dur ing  movement  of  the  p r e s s u r e   r e s p o n s i v e  



diaphragm  27,  the  f o l l o w e r   diaphragm  be ing   exposed  to  c a b i n  

p r e s s u r e   on  i t s   o u t e r   s u r f a c e   and  to  the  p r e s s u r e   in  the  b r e a t h i n g -  

p r e s s u r e   c o n t r o l   chamber  on  i t s   i nne r   s u r f a c e .  



1.  A  b r e a t h a b l e   gas  d e l i v e r y   r e g u l a t o r   (10)  hav ing   a  supply  ga s  

i n l e t   (16)  connected   with  a  gas  d e l i v e r y   o u t l e t   (17)  by  way  of  a  

condu i t   a r rangement   which  is  c l o s a b l e   by  a  demand  valve  ( 1 9 ) ,  

c h a r a c t e r i s e d   in  tha t   the  demand  valve   is  adap ted   for   p r e s s u r e  

ba l ance   by  supply  gas  and  is  ope rab ly   connec ted   with  a  p r e s s u r e -  

r e s p o n s i v e   wall  (27)  of  a  d e m a n d - p r e s s u r e   s e n s i n g   chamber  ( 12 )  

hav ing   f l u i d   c o n n e c t i o n   with  the  gas  d e l i v e r y   o u t l e t .  

2.  A  b r e a t h a b l e   gas  d e l i v e r y   r e g u l a t o r   as  c la imed   in  Claim  1,  f u r t h e r  

c h a r a c t e r i s e d   in  tha t   the  demand  va lve   is  of  p o p p e t - t y p e   c o m p r i s i n g  

a  poppet  v a l v e - h e a d   (20)  connec ted   by  a  s p i n d l e   (21)  to  a  s p o o l  

p o r t i o n   ( 2 2 ) .  

3.  A  b r e a t h a b l e   gas  d e l i v e r y   r e g u l a t o r  a s   c la imed  i n  C l a im   2  f u r t h e r  

c h a r a c t e r i s e d   in  tha t   the  p o p p e t - t y p e   demand  va lve   is  adapted  f o r  

p r e s s u r e   ba lance   by  c o u n t e r a c t i n g   a reas   exposed  to  supply  gas  p r e s s u r e  

and  comprised  by  an  end  face  area   of  sa id   spool  p o r t i o n   and  an  opposed  

c lo sed   face  area  of  the  poppet  v a l v e - h e a d .  

4.  A  b r e a t h a b l e   gas  d e l i v e r y   r e g u l a t o r   as  c la imed   in  Claim  2  o r  

Claim  3,  f u r t h e r   c h a r a c t e r i s e d   in  tha t   a  l a b y r i n t h   seal   (25)  i s  

p rov ided   on  a  c i r c u m f e r e n t i a l   s u r f a c e   of  the  spool  p o r t i o n   and  means 

are  p rov ided   for  v e n t i n g   leakage   of  supply  gas  pas t   the  l a b y r i n t h   s e a l .  

5.  A  b r e a t h a b l e   gas  d e l i v e r y   r e g u l a t o r   as  c la imed   in  Claim  4 ,  

f u r t h e r   c h a r a c t e r i s e d   in  t ha t   sa id   vent  means  compr i ses   a  v e n t  

chamber  (26)  which  is  spanned  by  a  p l a i n   l e n g t h   of  sa id   s p o o l  

p o r t i o n .  

6.  A  b r e a t h a b l e   gas  d e l i v e r y   r e g u l a t o r  . a s   c la imed  in  any  p r e c e d i n g  

cla im,   f u r t h e r   c h a r a c t e r i s e d   in  tha t   sa id   demand  valve  is  o p e r a b l y  

connec ted   to  said  p r e s s u r e - r e s p o n s i v e   wall   by  a  mechan ica l   member  ( 2 9 ) .  

7.  A  b r e a t h a b l e   gas  d e l i v e r y   r e g u l a t o r   as  c la imed  in  any  p r e c e d i n g  



cla im,   f u r t h e r   c h a r a c t e r i s e d   in  tha t   r e s i l i e n t   means  (32)  p r e l o a d  

said   demand  valve  towards  an  open  p o s i t i o n .  

8.  A  b r e a t h a b l e   gas  d e l i v e r y   r e g u l a t o r   as  c l a imed   in  any  p r e c e d i n g  

c la im,   f u r t h e r   c h a r a c t e r i s e d   in  t ha t   sa id   p r e s s u r e - r e s p o n s i v e   wall  o f  

sa id   d e m a n d - p r e s s u r e   s ens ing   chamber  is  common  to  a  b r e a t h i n g - p r e s s u r e  

c o n t r o l   chamber  (13)  having   a  b a r o s t a t i c a l l y - c o n t r o l l e d   o u t l e t   ( 3 7 ) ,  

sa id   d e m a n d - p r e s s u r e   s ens ing   chamber  and  said  b r e a t h i n g - p r e s s u r e  

c o n t r o l   chamber  be ing   i n t e r c o n n e c t e d   by  an  o r i f i c e - c o n t r o l l e d   b l e e d  

p a t h .  

9.  A  b r e a t h a b l e   gas  d e l i v e r y   r e g u l a t o r   as  c la imed  in  Claim  8 ,  

f u r t h e r   c h a r a c t e r i s e d   in  t ha t   sa id   o r i f i c e - c o n t r o l l e d   b leed   p a t h  

compr i se s   an  o r i f i c e   (28)  in  sa id   p r e s s u r e - r e s p o n s i v e   w a l l .  

10.  A  b r e a t h a b l e   gas  d e l i v e r y   r e g u l a t o r ,  a s   c l a imed   in  Claim  8  o r  

Claim  9,  f u r t h e r   c h a r a c t e r i s e d   in  t ha t   a  p r e s s u r e - c o m p e n s a t e d   r e l i e f  

va lve   (44)  is  p rov ided   at  or  near   sa id   gas  d e l i v e r y   o u t l e t   and  i s  

adap ted   to  r e l i e v e   e x c e s s i v e   d e l i v e r y   gas  p r e s s u r e   at  a  p r e d e t e r m i n e d  

va lve   r e l a t i v e   to  b r e a t h i n g - p r e s s u r e   c o n t r o l   chamber  p r e s s u r e .  




	bibliography
	description
	claims
	drawings

