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©  Breathing  protective  apparatus. 

An  improved  breathing  protective  apparatus  has  an 
inhalation  regulator  (23)  and  a  primary  source  of  breathing 
air  supplied  to  the  user  through  a  pressure  line  (18).  An 
exhalation  regulator  (29)  with  a  return  line  (19)  is  connected 
to  a  vacuum  source  to  remove  exhaust  gases  from  the  work 
area.  The  apparatus  has  a  positive  pressure  and  free  flowing 
regulator  which  provides  an  extra  measure  of  safety  in  a 
toxic  environment  and  to  provide  low  breathing  resistance 
under  high  work  load  conditions.  The  arrangement  is  such 
that  if  the  exhalation  regulator  is  bypassed  for  exhaust 
without  vacuum  conditions,  positive  pressure  and  the  free 
flowing  regulator  is  automatically  eliminated  to  save 
emergency  air  for  escape  of  the  user  from  a  contaminated 
environment. 



F i e l d   of  t h e   I n v e n t i o n  

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

a t u s   u s e d   f o r   w o r k i n g   in  a  c o n t a m i n a t e d   or  o x y g e n   d e f i c i e n t  

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

b r e a t h a b l e   gas   i s   s u p p l i e d  f r o m   a  r e m o t e   p l a c e ,   and  e x h a u s t  

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

B a c k g r o u n d   of   t h e   I n v e n t i o n  

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

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

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

mask  of   t h e   u s e r .   D u r i n g   i n h a l a t i o n ,   t h e   u s e r   r e c e i v e s   t h e  

r e q u i r e d   a m o u n t   of   a i r   and  t h e n   e x h a l e d   gas   i s   d i s c h a r g e d  

to  t h e   s u r r o u n d i n g   a t m o s p h e r e .   The  b r e a t h i n g   mask  may  b e  

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

i n w a r d   l e a k a g e   of  t o x i c   c o n t a m i n a n t s .   H o w e v e r ,   in  a  c o n f i n e d  

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

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

a  p o t e n t i a l   e x p l o s i o n   h a z a r d .  

P r o b l e m s   w i t h   t h e   above   d e s c r i b e d   t y p e   of   b r e a t h i n g  

a p p a r a t u s   i s   a l s o   e v i d e n t   i f   i t   m u s t   be  u s e d   in   an  o x y g e n  

f r e e   i n e r t e d   a t m o s p h e r e   as  d i s c h a r g e   of   o x y g e n   i n t o   an  i n e r t e d  

e n v i r o n m e n t   w i l l   r e q u i r e   an  a d d i t i o n a l   c o s t l y   i n e r t i n g  

o p e r a t i o n ;  

In  o r d e r   to  i n c r e a s e   e f f i c i e n c y   in  some  c l o s e d -  

c i r c u i t   u n d e r w a t e r   b r e a t h i n g   a p p a r a t u s ,   t h e   d i v e r ' s   e x h a u s t  

gas  i s   pumped  b a c k   to  a  b e l l   or  s u b m e r s i b l e   u n i t   f o r   C02  

r e m o v a l ,   r e c o n s t i t u t i o n   and  r e c i r c u l a t i o n .   Due  to   t h e  

c o m p l e x i t y   of  s u c h   a  s y s t e m ,   w e i g h t   and  h i g h   c o s t s ,   t h a t   t y p e  
of  a p p a r a t u s   c a n n o t   b e ' u t i l i z e d   as  a  b r e a t h i n g   p r o t e c t i v e  

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



In  more   c o m p l e x   d e c o m p r e s s i o n   c h a m b e r s ,   a  s p e c i a l  

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

a  h i g h   v e n t i l a t i o n   r a t e   f o r   o x y g e n   r e m o v a l   d u r i n g   o x y g e n  
b r e a t h i n g .   T h i s   t y p e   of   mask  has   a  common  demand  v a l v e  

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

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

means   w i t h   an  o u t s i d e   d e c o m p r e s s i o n   c h a m b e r .   T h e  s m a l l  

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

v a c u u m   s o u r c e ,   and  l a c k   of   p o s i t i v e   p r e s s u r e   in   t h e   m a s k  

to   p r e v e n t   l e a k s   o f   t o x i c   c o n t a m i n a n t s ,   e l i m i n a t e s   t h e  

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

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

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

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

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

and  an  e x h a l a t i o n   r e g u l a t o r   w i t h   a  r e t u r n   l i n e   c o n n e c t e d   t o  

a  v a c u u m   s o u r c e   to   r e m o v e   e x h a u s t   g a s e s  f r o m   t h e   work  a r e a ,  

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

r e g u l a t o r   to   p r o v i d e   an  e x t r a   m e a s u r e   of   s a f e t y   in   a  t o x i c  

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

h i g h   work   l o a d   c o n d i t i o n s .  

A n o t h e r   f e a t u r e   of   t h e   i n v e n t i o n   i s   to   p r o v i d e   a  

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

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

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

Ye t   a n o t h e r   f e a t u r e   i s   to   p r o v i d e   a  b r e a t h i n g   a p p a r -  

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

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

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

a i r   f o r   e s c a p e   f rom  a  c o n t a m i n a t e d   e n v i r o n m e n t .  

A c c o r d i n g   to   an  o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n   a  

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

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

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

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

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

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



b r e a t h a b l e   a i r   pumped   u n d e r   p r e s s u r e   to   s a i d   v a l v e ;   a  r e t u r n  

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

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

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

s m a l l   f r e e   f l o w   in  t h e   f a c e m a s k   and  r e g u l a t o r   h o u s i n g .  
The  i n v e n t i o n   i s   d e s c r i b e d   w i t h   r e f e r e n e 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 l l u s t r a t e s   t h e   use   of   t h e   p r e s e n t   i n v e n t i o n  

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

F i g u r e   2  shows   a  g e n e r a l   a r r a n g e m e n t   of   t h e   p r e s e n t  

i n v e n t i o n ;  

F i g u r e   3  i s   an  e l e v a t i o n   in  c r o s s - s e c t i o n   of  a n  

e m b o d i m e n t   of   t h e   p r e s e n t   i n v e n t i o n ;  

F i g u r e   4  i s   a  d e t a i l e d   p e r s p e c t i v e   v i e w   of   t he   e x h a u s t  

v a l v e ;  

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

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

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

of   t he   e x h a u s t   r e g u l a t o r   c o m p o n e n t s   when  a  v a c u u m   i s   a p p l i e d  

to  t h e   o u t l e t .  

R e f e r r i n g   to  F i g u r e   1,  t h e r e   i s   shown  a  t y p i c a l  

e n v i r o n m e n t   in  w h i c h   t h e   p r e s e n t   i n v e n t i o n   may  be  u s e d .  

O i l   p r o d u c t i o n . e q u i p m e n t   10  w h i c h   i s   e n c a p s u l a t e d  

in  a  o n e - a t m o s p h e r e   p r e s s u r e   s u b s e a   c h a m b e r   11  and  i n s t a l l e d  

on  t h e   o c e a n   f l o r   may  r e q u i r e   an  i n t e r v e n t i o n   f o r   m a i n t e n a n c e  

or  t r o u b l e s h o o t i n g .   The  a c c e s s   to  t h e   c h a m b e r   11  i s   p o s s i b l e  

t h r o u g h   a  o n e - a t m o s p h e r e   s e r v i c e   c a p s u l e   12  s u p p l i e d   w i t h  

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

v e s s e l ,   n o t   shown.   The  a t m o s p h e r e   in   t h e   c h a m b e r   11  may  b e  

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

h y d r o c a r b o n   gas   l e a k s .   The  s u b s e a   o p e r a t o r   13  may  e n t e r  

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

a t m o s p h e r e s   in  t h e   c h a m b e r   c o m p a r t m e n t s .  

F i g u r e   2  shows  t h e   b r e a t h i n g   a p p a r a t u s   of   t he   p r e s e n t  

i n v e n t i o n ,   worn  by  an  o p e r a t o r   13  and  c o n s i s t i n g   of  a  f a c e  

mask  14  w i t h   an  i n t e g r a t e d   i n h a l a t i o n / e x h a l a t i o n   r e g u l a t o r  

15.  B r e a t h a b l e   a i r  i s   f ed   u n d e r   p r e s s u r e   t h r o u g h   an  u m b i l i c a l  

s u p p l y   l i n e   16,   m a n i f o l d   17  e q u i p p e d   w i t h   a  c h e c k   v a l v e   a n d  



s u p p l y   h o s e   18  i n t o   t h e   r e g u l a t o r   15  and  f a c e m a s k   14.  T h e  

e x h a l e d   gas   t r a v e l s   b a c k   f r o m   t h e   mask  14  and  r e g u l a t o r   1 5 ,  

r e t u r n   h o s e   19  t h r o u g h   t h e   m a n i f o l d   17,   u m b i l i c a l   r e t u r n  
l i n e   20  and  up  to   t h e   t o p s i d e   v a c u u m   s o u r c e .   C o m p r e s s e d   a i r  

c y l i n d e r s   21  w i t h   a  p r e s s u r e   r e d u c i n g   means   and  s u i t a b l e  

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

c a p s u l e   12  s h o u l d   a  f a i l u r e   o c c u r   in  t h e   u m b i l i c a l   l i n e s  

1 6 , 2 0 .  

In  F i g u r e   3  a  t y p i c a l   i n h a l a t i o n   r e g u l a t o r   23  i s  

shown  w i t h   t h e   i n l e t   p o r t   24  c l o s e d   by  a  s p r i n g   l o a d e d   p o p p e t  
v a l v e   25,  c o n n e c t e d   to   l e v e r   26  and  c o n t r o l l e d   by  a n  
i n h a l a t i o n   d i a p h r a g m   27  e q u i p p e d   w i t h   a  c h e c k   v a l v e   2 8 .  

The  e x h a l a t i o n   r e g u l a t o r   29  has   a  c y l i n d r i c a l   h o u s i n g  

30  w i t h   an  e x h a l a t i o n   d i a p h r a g m   31,  a c t u a t o r   r o d   32,  d i s c  

33,  s p r i n g   34,  and  an  a d j u s t m e n t   n u t   35  as  i l l u s t r a t e d   i n  

F i g u r e   4.  A  s t e m   36  of   t h e   e x h a u s t   t i l t   v a l v e   37  i s   e n g a g e d  
w i t h   an  a c t u a t o r   r o d   32  and  t h e   d i s c   33  w i t h   a  U - s h a p e d   f o r k  

3 8 .  

The  e x h a u s t   v a l v e   37  i s   h e l d   in   t h e   c l o s e d   p o s i t i o n  

of   F i g u r e s   3,  4  and  6  by  a  v a c u u m   in  t h e   r e t u r n   h o s e   19  

a t t a c h e d   to   t h e   e x h a u s t   r e g u l a t o r   29  w i t h   a  c o n n e c t o r   3 9 ,  

F i g u r e   3 .  

The  d e t a i l s   of   t h e   e x h a u s t   v a l v e   37  a r e   shown  i n  

F i g u r e   4.  A  c y l i d n r i c a l   c a v i t y   40  h o l d i n g   t h e   e x h a u s t   v a l v e  

37  i s   c l o s e d   f rom  a t   i t s   b o t t o m   by  t h e   r e t u r n   h o s e   b a y o n e t   c o n n e c t o r  

39.  By  d i s c o n n e c t i n g   t h e   c o n n e c t o r   39,  an  a n n u l a r   p a s s a g e  
i s   f o r m e d   b e t w e e n   t h e   w a l l s   of   t h e   c a v i t y   40  and  t h e   v a l v e  

body   3 7 . . R a d i a l   m o v e m e n t s   of   t h e   v a l v e   37,  e n s u r i n g   o v e r -  

l a p p i n g   of   t h e   c o n d u i t   o p e n i n g   41  in  t h e   c o n n e c t o r   39,  i s  

r e s t r i c t e d   by  p i n s   42  e x t e n d i n g   f rom  t h e   v a l v e   b o d y   37  a n d  

t h e   w a l l s   of  t h e   c a v i t y   4 0 .  

Once  t h e   c o n n e c t o r   39  i s   r e m o v e d   f rom  t h e   c a v i t y   4 0 ,  

t h e   a x i a l   m o v e m e n t   of   t h e   v a l v e   37  i s   r e s t r i c t e d   by  a  p i n   4 3  

a t t a c h e d   to   t h e   w a l l s   of   t h e   c a v i t y   40  and  p a s s i n g   t h r o u g h   a n  

e l o n g a t e d   a p e r t u r e   in  t h e   v a l v e   body   37.  R e f e r r i n g   to   F i g u r e  

5  i t   w i l l   be  s e e n   t h a t   t h e   i n w a r d   and  o u t w a r d   m o v e m e n t   of  t h e  

e x h a l a t i o n   d i a p h r a g m   31  in   h o u s i n g   30  p r o d u c e s   a  t i l t i n g   m o v e -  

ment   of   t h e   e x h a u s t   v a l v e   37  in   t h e   c a v i t y   4 0 .  



.,L  F i g u r e   5  f u r t h e r   i l l u s t r a t e s   t h e   p o s i t i o n   of  t h e  

c o m p o n e n t s   of  t he   e x h a l a t i o n   r e g u l a t o r   29  when  v a c u u m   i s  

n o t   p r e s e n t   in  t h e   c o n d u i t   41  of  t he   r e t u r n   h o s e .   T h e  

e x h a l a t i o n   d i a p h r a g m   31  i s   p o s i t i o n e d   so  t h a t   t h e   e x h a u s t  

v a l v e   37  i s   h e l d   in   a  t i l t e d   open  p o s i t i o n .  

In  F i g u r e   6  t h e   e x h a u s t   r e g u l a t o r   29  i s   shown  w i t h  

t h e   v a c u u m  a p p l i e d   to   t h e   c o n d u i t   41.  The  s u c t i o n   d e v e l o p e d  

b e t w e e n   t h e   v a l v e   body   37  and  t h e   o p e n i n g   o f   t h e   c o n d u i t  4 1  

o v e r c o m e s   t h e   s t i f f n e s s   of   t he   d i a p h r a g m   31  and  d e f l e c t s   i t  

i n w a r d   h o u s i n g   30.  Movemen t   of  t h e   d i a p h r a g m   31  and  t h e  

a c t u a t o r   32  a c t i v a t e s   t h e   i n h a l a t i o n   d i a p h r a g m   27,  l e v e r  

26  and  o p e n s   t he   i n l e t   p o r t   24  of  t he   i n h a l a t i o n   r e g u l a t o r  

23.  Wi th   a p p l i e d   s u p p l y   p r e s s u r e   and  worn   f a c e m a s k   14  

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

in  t he   f a c e m a s k   14  and  r e g u l a t o r   h o u s i n g   44.  The  p r e s s u r e  

d i f f e r e n t i a l   o p e n s   a  c h e c k   v a l v e   28  and  p r e s s u r e   i n c r e a s e s  

a l s o   in   t he   e x h a u s t   h o u s i n g   30  m o v i n g   t h e   e x h a l a t i o n   d i a p h r a g m  

31  and  t h e   a c t u a t o r   r o d   32  o u t w a r d ,   t e r m i n a t i n g   a c t i v a t i o n   o f  

t h e   i n h a l a t i o n   d i a p h r a g m   27  and  r e l a t e d   i n f l o w .   The  o u t w a r d  

m o v e m e n t   of  t he   a c t u a t o r   r o d   32  c o m p r e s s e s   t h e   s p r i n g   34  s o  

t h a t   t h e   m o v e m e n t   d o e s   n o t   a f f e c t   t he   e x h a u s t   v a l v e   37  s t i l l  

k e p t   in   t h e   c l o s e d   p o s i t i o n .  

Upon  e x h a l a t i o n ,   e x h a l e d   gas   f l o w s   f rom  t h e   f a c e m a s k  

t h r o u g h   t he   r e g u l a t o r   h o u s i n g   44,  c h e c k   v a l v e   28,   i n t o   t h e  

e x h a u s t   h o u s i n g   30  a p p l y i n g   e x h a u s t   p r e s s u r e   on  t he   d i a p h r a g m  

3 1 .  

The  o u t w a r d   m o v e m e n t   of  t h e   d i a p h r a g m   31  t i l t s   o p e n  

t h e   e x h a u s t   v a l v e   37  a n d  t h e   e x h a l e d  g a s   i s   c a r r i e d   away  b y  

t h e   vacuum  in  t he   r e t u r n   h o s e   19.  Once  t h e   e x h a u s t   f l o w   a n d  

t h e   c o r r e s p o n d i n g   e x h a u s t   p r e s s u r e   on  t h e   d i a p h g r a m   31  c e a s e s ,  
t h e   s u c t i o n   c l o s e s   v a l v e   37  a g a i n   c a u s i n g   t h e   p o s i t i v e   p r e s s u r e  

b u i l d - u p   in  t he   f a c e m a s k   1 4 .  

The  l e v e l   of   p o s i t i v e   p r e s s u r e   e l i m i n a t i n g   t he   r i s k  

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

a d j u s t m e n t   n u t   35  and  p o s i t i o n   of   t he   l e v e r   26  in  r e l a t i o n  

to  t h e   d i a p h r a g m   2 7 .  



The  p o s i t i v e   p r e s s u r e   i n s i d e   h o u s i n g   30  and  t h e   r e l a t e d  

f o r c e   a p p l i e d   on  t h e   e x h a l a t i o n   d i a p h r a g m   31,  as  w e l l   as  t h e  

f o r c e   f r o m   t h e   e l a s t i c   d e f l e c t i o n   of   t h e   d i a p h r a g m   31,  h e l p s  

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

o p e n   e x h a u s t   v a l v e   37.  T h i s   a r r a n g e m e n t   of   t h e   r e g u l a t o r  
29  p e r m i t s   e f f o r t l e s s   h i g h   v o l u m e   e x h a l a t i o n .   F u r t h e r m o r e ,  

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

e x h a l a t i o n   r e g u l a t o r   2 9  c a n   be  a d j u s t e d   w i t h   n u t   35  so  t h a t  

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

e l i m i n a t i n g   mask   f o g g i n g   d u r i n g   work   a n d ,   even   more  i m p o r t a n t ,  
t h e   work   of   i n h a l a t i o n   i s   g r e a t l y   r e d u c e d .  

To  p r e v e n t   a  p o s s i b l e   f a c e   s q u e e z e ,   i f   e x h a u s t   v a l v e  

37  f a i l s   to   c l o s e ,   a  s a f e t y   r e l i e f   v a l v e   45  i s   b u i l t   i n t o  

t h e   e x h a u s t   d i a p h r a g m   31.  A  p e r f o r a t e d   c o v e r   46  has   a n  

i n s t a l l e d   p u r g e   b u t t o n   47,  F i g u r e   3,  a l l o w i n g   m a n u a l  

a c t u a t i o n   of   t h e   r e g u l a t o r   1 5 .  

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

u m b i l i c a l   l i n e s   1 6 , 2 0   a r e   i n t e r r u p t e d ,   t h e   o p e r a t o r   w i l l  

open   t he   e m e r g e n c y   a i r   s u p p l y   21  and  d i s e n g a g e   t h e   r e t u r n  

h o s e   b a y o n e t   c o n n e c t o r   39  f rom  t h e   e x h a u s t   r e g u l a t o r   29.   Lack   o f  

a c t u a t i o n   f o r c e   f rom  d i a p h r a g m   31  a l l o w s   u se   of   t h e   e m e r g e n c y  
a i r   s u p p l y   on  t h e   n o r m a l   demand   mode .   E x h a l e d   gas   p a s s e s  

t h r o u g h   t h e   c h e c k   v a l v e   28,   a n n u l u s   f o r m e d   in   c a v i t y   4 0  

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

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

u m b i l i c a l   l i n e s   by  d i s c o n n e c t i n g   t h e   q u i c k   d i s c o n n e c t s   4 8 , 4 9 .  



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

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

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

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

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

b r e a t h a b l e   a i r   pumped  u n d e r   p r e s s u r e   to   s a i d   v a l v e ;   a  r e t u r n  

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

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

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

v a l v e   l e v e r   means   to   c r e a t e   a  p o s i t i v e   p r e s s u r e   and  s m a l l  

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

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

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

d i a p h r a g m ;   an  a c t u a t o r   rod   c o n c e n t r i c a l l y   m o u n t e d   on  t h e  

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

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

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

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

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

l i n e ;   and  r e t u r n   l i n e   c o n n e c t o r   means   a t t a c h i n g   t h e   r e t u r n  

l i n e   to   s a i d   e x h a u s t   p o r t   and  r e g u l a t o r .  

3.  A  p r o t e c t i v e   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  i n c l u d i n g  

a  c y l i n d r i c a l   c a v i t y   r e t a i n i n g   t h e   b a s e   of  s a i d   e x h a u s t   v a l v e ;  

means   on  t h e   v a l v e   body  r e s t r i c t i n g   r a d i a l   m o v e m e n t   t h e r e o f ;  

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

and  p a s s i n g   t h r o u g h   t h e   v a l v e   body  to   r e s t r i c t   a x i a l   m o v e m e n t  

t h e r e o f .  

4.  A  p r o t e c t i v e   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   e x h a u s t   p o r t   i s   f o r m e d   by  a  body  of  t h e   r e t u r n   l i n e  

c o n n e c t o r .  
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