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@  Improvements  in  and  relating  to  respirators. 

@  The  present  invention  relates  to  improvements  in  power 
assisted  positive  pressure  respirators  for  use  in  contamin- 
ated  atmospheres. 

The  respirator  comprises  a  facepiece  1  having  an  inlet  3 
connected  to  a  pump  unit  5  for  supplying  air  to  the  facepiece 
which  has  been  filtered  by  filter  means  11  connected  to  the 
pump  unit  inlet.  The  facepiece  is  also  provided  with  an  outlet 
provided  with  a  one-way  valve  2  which  is  biased  to  its  closed 
position  and  is  openabfe  when  a  predetermined  pressure 
above  atmospheric  pressure  is  established  within  the  face- 
piece. 

To  maximise  use  of  the  filter  means  11,  a  one-way  inlet 
valve  13  is  provided  intermediate  the  pump  unit  5  and  the 
facepiece  1,  conveniently  at  the  inlet  to  the  facepiece,  which 
is  closed  during  exhalation  by  the  wearer  to  thereby  cause 
the  pump  to  be  placed  in  a  condition  in  which,  although  it 
continues  to  operate,  no  or  substantially  no  air  is  moved 
thereby,  so  that  during  this  period,  no  or  substantially  no  air 
is  drawn  through  the  filter  means  11. 
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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   i m p r o v e m e n t s   i n  

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

Power   a s s i s t e d   r e s p i r a t o r s   f o r   u s e   in   d u s t y   a t m o -  

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

pump  w h i c h   s u p p l i e s   f i l t e r e d   a i r   f rom  t h e   a t m o s p h e r e   to   a  

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

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

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

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

f o r   e x a m p l e   a c c o r d i n g   to  B r i t i s h   s t a n d a r d   4558  a  p r e s s u r e  

of  125  p a s c a l s   a t   85  l i t r e s / m i n u t e .   The  pump  i s   a r r a n g e d  

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

e x a m p l e   a b o u t   120  l i t r e s   p e r   m i n u t e ,   w h i c h   i s   g r e a t l y   i n  

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

w e a r e r .   U.K.  and  E u r o p e a n   s t a n d a r d s   r e q u i r e   a  m i n i m u m  

f l o w   of  120  l i t r e s   pe r   m i n u t e   f o r   f o u r   h o u r s   in   o r d e r   t o  

s u s t a i n   a  d e g r e e   of  p o s i t i v e   p r e s s u r e   w i t h i n   t h e   mask  e v e n  

at   t y p i c a l   peak   i n h a l a t i o n   r a t e s .   In  t h e   U . S . A .   t he   r e l - -  

e v a n t   s t a n d a r d   r e q u i r e s   a  minimum  f low  of  113  l i t r e s   p e r  

m i n u t e   f o r   t i g h t   f i t t i n g   f u l l   f a c e   m a s k s   and  170  l i t r e s  

pe r   m i n u t e   f o r   h e l m e t s   and  h o o d s .  



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

to   t h e   f a c e p i e c e ,   t he   f i l t e r s   a r e   u s e d   up  much  f a s t e r   t h a n  

t h e y   n e e d   to   be  and  i n d e e d   o n l y   a b o u t   one  t h i r d   of  t h e  

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

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

Dus t   and  o t h e r   p a r t i c u l a t e   m a t e r i a l   f i l t e r s   h a v e   a  

r e l a t i v e l y   l o n g   l i f e   and  s u c h   i n e f f i c i e n t   u se   can  be  t o l -  

e r a t e d .   H o w e v e r   gas   and  v a p o u r   f i l t e r s ,   u s u a l l y   in  t h e  

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

c o a l ,   s i l i c a   g e l ,   m o l e c u l a r   s i e v e   m a t e r i a l   or  s i m i l a r   m a t -  

e r i a l s ,   have   a  much  s h o r t e r   l i f e   s u c h   t h a t   t h e i r   use   i n  

p o w e r   a s s i s t e d   r e s p i r a t o r s   has   n o t   to   d a t e   b e e n   c o n s i d e r e d  

p r a c t i c a l .   As  a  c o n s e q u e n c e   mos t   g a s   and   v a p o u r   f i l t e r i n g  

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

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

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

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

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

and  h a v i n g   an  i n l e t   and  an  o u t l e t ,   o n e - w a y   v a l v e   means   i n  

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

w e a r e r   to   p e r m i t   a i r   to   f l o w   out   of  t h e   f a c e p i e c e   when  a  

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

a c r o s s ,   pump  means   c o n n e c t e d   to   th  i n l e t   f o r   s u p p l y i n g  

a i r   t o   t h e   f a c e p i e c e ,   and  f i l t e r   means   f o r   f i l t e r i n g  

a i r   s u p p l i e d   by  t h e   pump  means   to   t h e   f a c e p i e c e ,   c h a r a c -  

t e r i s e d   in  t h a t   a  o n e - w a y   v a l v e   i s  p r o v i d e d   in  t h e   p a t h  

of  a i r   f l o w i n g   f rom  t h e   pump  means   to   t h e   f a c e p i e c e ,   w h i c h  

v a l v e   m e a n s   is  a r ranged  to  be  c l o s e d   d u r i n g   e x h a l a t i o n   b y  

t h e   w e a r e r   when  t he   p r e s s u r e   d o w n s t r e a m   t h e r e o f   e x c e e d s  

t h a t   u p s t r e a m   t h e r e o f   and  so  t h a t   t h e   pump  means   w i l l  

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

pump  m e a n s   c o n t i n u e s   to   o p e r a t e ,   l i t t l e   or  s u b s t a n t i a l l y  

no  a i r   i s   d r i v e n   t h e r e b y .  

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

t i o n   t h e r e   is   p r o v i d e d   a  m e t h o d   of  o p e r a t i n g   a  p o w e r  



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

at   l e a s t   t h e   m o u t h   of  t h e   w e a r e r   and  h a v i n g   an  i n l e t   a n d  

an  o u t l e t ,   o n e - w a y   v a l v e   means   in  t h e   o u t l e t   w h i c h   i s  

o p e n a b l e   to   p e r m i t   a i r   to   f l o w   ou t   of  t he   f a c e p i e c e ,   p u m p  

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

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

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

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

f l o w i n g   f rom  t h e   pump  means   t o   t h e   f a c e p i e c e   and  c a u s i n g  

t h e   o n e - w a y   v a l v e   means   to  be  c l o s e d   d u r i n g   e x h a l a t i o n   b y  

t h e   w e a r e r   so  as  to   p l a c e   t h e   pump  means   in  a  c o n d i t i o n  

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

s u b s t a n t i a l l y   no  a i r   i s   d r i v e n   t h e r e b y .  

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

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

e x c e e d s   a b o u t   600  p a s c a l s ,   e . g .   as  s e t   ou t   in  B r i t i s h  

s t a n d a r d   4667  P a r t   2  r e l a t i n g   t o   r e s p i r a t o r s   u s i n g   b o t t l e d  

gas   ( r a t h e r   t h a n   t h e   much  l o w e r   o p e r a t i n g   p r e s s u r e s   n o r m -  

a l l y   r e q u i r e d   f o r   power   a s s i s t e d   p o s i t i v e   p r e s s u r e   r e s p i r -  

a t o r s ) .   A d d i t i o n a l l y   in  t h i s   p r e f e r r e d   e m b o d i m e n t   t h e  

pump  i s   a r r a n g e d   to   c e a s e   or  s u b s t a n t i a l l y   c e a s e   p u m p i n g  

e f f e c t i v e l y   when  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   pump  a n d  

u p s t r e a m   of  t h e   i n l e t   v a l v e   i s   a b o u t   600  p a s c a l s .  

The  pump  may  o p t i o n a l l y   be  a r r a n g e d   to   p r o v i d e   a  

maximum  of  a b o u t   200  l i t r e s   p e r   m i n u t e   and  a  min imum  of  0  

l i t r e s   p e r   m i n u t e ,   d e p e n d i n g   on  demand  and  t h e   r e s i s t a n c e  

to   f l o w   p r e s e n t e d   by  t h e   f i l t e r   m e a n s .  

I t   h a s   b e e n   f o u n d   t h a t   in  use   of  s u c h   a  s y s t e m ,  

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

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

i n c r e a s e d   f rom  one  t h i r d   to   a t   l e a s t   80%. 

T h e  f a c e p i e c e   may  be  a  p a r t i a l   or  f u l l   f a c e   m a s k ,  

or  may  be  in   t h e   form  of  a  h e l m e t   or  hood  i f   a d e q u a t e l y  

s e a l e d   to   t h e   h e a d ,   w h i c h   may  be  c o n n e c t e d   by  a  f l e x i b l e  

hose   to  a  u n i t   i n c l u d i n g   t h e   pump  and  f i l t e r   m e a n s .  



A d v a n t a g e o u s l y   t h e   f i l t e r   means   c o m p r i s e   one  or  more  c a r t -  

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

m o u n t e d   on  t h e   i n l e t   to   t h e   pump.  The  pump  p r e f e r a b l y  

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

so  t h a t   t h e   a s s e m b l y   i s   p o r t a b l e .  

An  e m b o d i m e n t   a c c o r d i n g   t o   t h e   p r e s e n t   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 u r e   1  i s   a  p e r s p e c t i v e   v i e w   of  an  e m b o d i m e n t   o f  

r e s p i r a t o r   in   u s e ;  

F i g u r e   2  i s   a  d i a g r a m m a t i c   v i e w   of  t h e   r e s p i r a t o r  

of  F i g u r e   1 ;  

F i g u r e s   3  and  4  a r e   p e r s p e c t i v e   v i e w s   w i t h   p a r t s  

b r o k e n   away  s h o w i n g   t h e   i n l e t   and  o u t l e t   to   t h e   f a c e p i e c e  

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

F i g u r e   5  i s   a  s c h e m a t i c   d r a w i n g   s h o w i n g   o p e r a t i o n  

of  c o m p o n e n t s   of  t h e   r e s p i r a t o r   in   r e l a t i o n   t o   t h e   r e s p -  

i r a t o r y   c y c l e   of   t h e   w e a r e r .  

The  r e s p i r a t o r   shown  in  F i g u r e s   1  and  2  c o m p r i s e s  

a  f a c e p i e c e   1  w h i c h ,   as  shown ,   i s   a  f u l l   f a c e   mask  c o v e r i n g  

t h e   e y e s ,   n o s e   and  mou th   of  t h e   w e a r e r ,   and  w h i c h   i s   p e r -  

i p h e r a l l y   s e a l e d   to   t h e   h e a d   of  t h e   w e a r e r .   The  f a c e -  

p i e c e   1  i s   p r o v i d e d   w i t h   an  o u t l e t   p r o v i d e d   w i t h   a  o n e - w a y  
o u t l e t   or  e x h a l a t i o n   v a l v e   2  t h r o u g h   w h i c h   a i r   l e a v e s   t h e  

mask ,   and  an  i n l e t   3  w h i c h   i s   c o n n e c t e d   by  a  f l e x i b l e   h o s e  

4  to   a  u n i t   5.  The  u n i t   5  i s ,   as  shown ,   s u p p o r t e d   by  a  

h a r n e s s   on  t h e   b a c k   of  t h e   w e a r e r   b u t   may  a l t e r n a t i v e l y   b e  

m o u n t e d   by  a  s i m i l a r   h a r n e s s   on  t h e   f r o n t   of  t h e   w e a r e r .  

The  u n i t   5  c o m p r i s e s   a  h o u s i n g   in   w h i c h   a  pump  u n i t   c o m p - '  

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

o p e r a t e d   m o t o r   a r e   h o u s e d .   The  h o u s i n g   h a s   an  o u t l e t   8 

d e f i n i n g   t h e   o u t l e t   of  t h e   f an   and  to   w h i c h   t h e   h o s e   4  i s  

c o n n e c t e d ,   and  one  or  a  p l u r a l i t y   o f ,   e . g .   as  shown  t h r e e ,  

i n l e t s   10  c o n n e c t e d   to   t he   f an   i n l e t .   Each  of  t h e   h o u s i n g  

i n l e t s   10  i s   t h r e a d e d   to   r e c e i v e   a  f i l t e r   c a r t r i d g e   or  c a n -  

i s t e r   11,  w h i c h   may  c o m p r i s e   a  p a r t i c u l a t e   f i l t e r   m a t e r i a l  



a n d / o r   a  gas   or  v a p o u r   f i l t e r   m a t e r i a l .   One  s u c h   c a r t -  

r i d g e   or  c a n i s t e r   11  may  be  m o u n t e d   on  t h e   or  e a c h   or  s o m e  

of  t h e   i n l e t s   10  and  any  u n u s e d   i n l e t s   may  be  c l o s e d   by  a  

p l u g   1 2 .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   by  i n c r e a s i n g   t h e  

n u m b e r   of   c a r t r i d g e s   or  c a n i s t e r s   11  p r o v i d e d   t h e   r a t e   o f  

f l o w   of  a i r   t h r o u g h   e a c h   c a r t r i d g e   or  c a n i s t e r   can   b e  

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

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

r e s p i r a t o r .   The  m o t o r   i s   c o n n e c t e d ,   as  s h o w n ,   by  a  c a b l e  

27  to   a  s e p a r a t e   u n i t   c o m p r i s i n g   a  b a t t e r y   6  and  o p t i o n a l l y  

an  o f f / o n   s w i t c h  7   c o n t r o l l i n g   power   s u p p l i e d   to   t h e   m o t o r .  

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

may  be  m o u n t e d   w i t h i n   t h e   u n i t   5 .  

As  shown  in  F i g u r e   2,  t h e   o u t l e t   v a l v e   2  i s   b i a s e d  

to   i t s   c l o s e d   p o s i t i o n ,   f o r   e x a m p l e   by  a  h e l i c a l   s p r i n g   1 4 ,  

and  so  t h a t   t h e   v a l v e   w i l l   o n l y   open   t o   p e r m i t   a i r   t o   f l o w  

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

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

e x a m p l e   so  t h a t   t h e   v a l v e   w i l l   open   when  t h e   p r e s s u r e  
w i t h i n   t h e   f a c e p i e c e   i s   a b o u t   600  p a s c a l s .  

A  o n e - w a y   i n l e t   v a l v e   13  i s   m o u n t e d   in   t h e   i n l e t   3 

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

f r o m   t h e   pump  to   t h e   f a c e p i e c e .   The  v a l v e   13  may,  f o r  

e x a m p l e ,   be  a  f l a p   v a l v e   and  i s   u n b i a s e d   so  t h a t   t h e   v a l v e  

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

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

t h e   h o s e   4 .  

The  r a t e   and  t h r o u g h p u t   of  t h e   pump  u n i t   5  a r e  

s e l e c t e d   so  t h a t . ,   d u r i n g   e x h a l a t i o n   by  t h e   w e a r e r ,   t h e  

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

w h e r e   i t   e x c e e d s   t h a t   in  h o s e   4.  At  t h i s   p o i n t ,   t h e   v a l v e  

13  w i l l   c l o s e .   C l o s u r e   of  v a l v e   13 



c a u s e s   an  i m m e d i a t e   b u i l d - u p   of  p r e s s u r e   w i t h i n   h o s e   4 

and  t h i s   b u i l d - u p   of  p r e s s u r e   i s   a r r a n g e d   so  t h a t   t h e   p u m p  
u n i t   5  w i l l   be  p l a c e d   in   a  c o n d i t i o n   in  w h i c h ,   a l t h o u g h   i t  

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

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

w i l l   open   to   p e r m i t   e x h a l e d   a i r   t o . f l o w   ou t   of  t h e   f a c e -  

p i e c e   and  t h i s   may  t a k e   p l a c e   a t   a b o u t   t h e   same  t i m e   a s  
c l o s u r e   of  v a l v e   1 3 .  

T o w a r d s   t h e   end  of  e x h a l a t i o n ,   t h e   p r e s s u r e   w i t h i n  

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

c a u s i n g   v a l v e   13  to   o p e n ,   when  t h e   p r e s s u r e   f a l l s   b e l o w  

t h a t   in   h o s e   4.  At  t h i s   p o i n t   t h e   pump  w i l l   s t a r t   t o  

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

a i r   r e q u i r e d   f o r   i n h a l a t i o n .  

Thus   by  s u i t a b l e   s e l e c t i o n   of   t h e   o p e r a t i n g   p r e s -  

s u r e   of   t h e   o u t l e t   v a l v e   2  in   r e l a t i o n   t o   e x h a l a t i o n  

p r e s s u r e   and  t h e   pump  c h a r a c t e r i s t i c s ,   t h e   e f f e c t i v e   o p e r -  

a t i o n   of  t h e   pump  can  be  made  to   v a r y   w i t h   t h e   b r e a t h i n g  

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

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

and  w h i c h   i s   n o t   t h e n   b r e a t h e d   so  t h a t   a  p o i n t   can  b e  

r e a c h e d   w h e r e   at   l e a s t   80%  of  t h e   l i f e   of  t h e   f i l t e r s   i s  

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

Figure   5  shows  s c h e m a t i c a l l y   the  p r e s e n t l y   p r e f e r r e d   o p e r a -  

t i o n   of  the  pump uni t   5  and  i n l e t   and  o u t l e t   va lves   12  and  2  in  r e l a -  

t i o n   t o   t h e   r e s p i r a t o r y   c y c l e   of  t h e   w e a r e r .   As  s h o w n  

v a l v e s   13  and  2  open  and  c l o s e   a t   a b o u t   t h e   same  p o i n t s   i n  

t h e   r e s p i r a t o r y   c y c l e ,   a l t h o u g h   t h e s e   p o i n t s   may  be  r e l a -  

t i v e l y   d i s p l a c e d .  

As  shown ,   t h e   f a c e p i e c e   i n c l u d e s   an  i n n e r   mask  15 

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

and  i s   p r o v i d e d   w i t h   one  or  more  o n e - w a y   i n l e t   v a l v e s  1 6 .  

T h e s e   v a l v e s   may  f o r   e x a m p l e   be  f l a p   v a l v e s   w h i c h   a r e  

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



t o t a l   v o l u m e   of  t h e   f a c e p i e c e   so  as  to   l i m i t   t h e   a m o u n t  

of  e x h a l e d   a i r   w h i c h   may  be  r e - b r e a t h e d .   H o w e v e r ,   i f   t h e  

i n n e r   mask  i s   s u f f i c i e n t l y   w e l l   s e a l e d   to   t h e   w e a r e r ' s  

f a c e   to   p r e v e n t   l e a k a g e   a r o u n d   t h e   e d g e s ,   v a l v e   13  may  b e  

o m i t t e d ,   t h e   or  e a c h   v a l v e   16  p e r f o r m i n g   i t s   f u n c t i o n .  

F i g u r e s   3  and  4  show  p r e f e r r e d   e m b o d i m e n t s   of  t h e  

v a l v e s   2,  13  and  t h e   pump  u n i t   5.  As  shown  in  F i g u r e   3 ,  

t h e   v a l v e   13  i s   a  f l a p   v a l v e   c o m p r i s i n g   a  f l e x i b l e   d i s c   20  

w h i c h   i s   s e a t e d   o v e r   a  s e a t   21  s u r r o u n d i n g   an  o p e n i n g   i n  

t h e   p a s s a g e   of  i n l e t   3  to   t h e   f a c e p i e c e ,   and  l i f t s   f r o m  

s e a t   21  to   a l l o w   a i r   to   f l o w   i n t o   t h e   f a c e p i e c e   when  t h e  

p r e s s u r e   in  t h e   f a c e p i e c e   i s   l o w e r   t h a n   t h a t   in  t h e   h o s e   4 .  

The  o u t l e t   v a l v e   2  c o m p r i s e s   a  f l a p   v a l v e   c o m p r i s i n g   a  

r i g i d   d i s c   22  w h i c h   s e a t s   a g a i n s t   an  o u t l e t   s e a t   23  s u r r -  

o u n d i n g   an  o u t l e t   o p e n i n g   and  i s   b i a s e d   to  i t s   c l o s e d   p o s -  
i t i o n   by  h e l i c a l   s p r i n g   14  w h i c h   b e a r s   a g a i n s t   t h e   d i s c   22  

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

f rom  t h e   v a l v e   t h r o u g h   o p e n i n g s   24  c o m m u n i c a t i n g   w i t h   t h e  

o p e n i n g   in  s e a t   2 3 .  

The  pump  u n i t   5  shown  in  F i g u r e   4  c o m p r i s e s   a  

m o t o r   26  c o n n e c t e d   by  c a b l e   27  t o   t h e   b a t t e r y   and  to   t h e  

s h a f t   28  of  a  c e n t r i f u g a l   f a n   29  w h o s e   o u t l e t   i s   c o n n e c t e d  

to   o u t l e t   8  p r o v i d e d   by  t h e   u n i t   h o u s i n g .   The  f a n   i n l e t  

i s   c o n n e c t e d ,   as  shown ,   to   t h r e e   i n l e t s   10  p r o v i d e d   by  t h e  

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

c a n i s t e r   or  c a r t r i d g e   11.  One,   two  or  t h r e e   c a r t r i d g e s  

or  c a n i s t e r s   may  be  u s e d   and  any  u n u s e d   i n l e t s   may  b e  

c l o s e d   by  a  p l u g   1 2 .  

In  a  p r e f e r r e d   e m b o d i m e n t   of  t h e   above   d e s c r i b e d  

r e s p i r a t o r ,   t h e   o u t l e t   v a l v e   2  i s   a r r a n g e d ,   as  p r e v i o u s l y  

m e n t i o n e d ,   to   open   when  t h e   p r e s s u r e   in  t h e   f a c e p i e c e   i s  

a b o u t   600  p a s c a l s .   The  i n l e t   v a l v e   13  c l o s e s   as  soon   a s  

t h e   p r e s s u r e   w i t h i n   t h e   f a c e p i e c e   e x c e e d s   t h a t   w i t h i n   t h e  

h o s e   4,  w h i c h   i s   g e n e r a l l y   when  t h e   p r e s s u r e  w i t h i n   t h e  

f a c e p i e c e   i s   a b o u t   600  p a s c a l s ,   and  t h e   fan  29  i s   a r r a n g e d  



to   p r o v i d e   up  to   a b o u t   200  l i t r e s   pe r   m i n u t e   d e p e n d i n g   o n  

d e m a n d .   At  t h e   p o i n t   a t   w h i c h   v a l v e   13  c l o s e s ,   t h e  

p r e s s u r e   in   t h e   h o s e   4  w i l l   be  a b o u t   600  p a s c a l s   b u t   j u s t  

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

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

a l t h o u g h   i t   c o n t i n u e s   to   r o t a t e ,   no  or  s u b s t a n t i a l l y   no  a i r  

f l o w s   t h e r e t h r o u g h   and  s p e c i f i c a l l y   no  a i r   i s   d r a w n   t h e r e b y  

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

c a n i s t e r s .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   t h e   a b o v e   p r e s s u r e s  

and  f l o w   r a t e s   a r e   e x e m p l a r y   o n l y   and  t h a t   t h e y   may  b e  

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

f o r   t h e   f a c e p i e c e .  

I t   w i l l   a l s o   be  a p p r e c i a t e d   t h a t ,   w h i l e   t h e   i n v e n -  

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

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

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

or  h e l m e t s   w h i c h   a r e   a d e q u a t e l y   s e a l e d   to   t h e   h e a d   of  t h e  

w e a r e r .   A d d i t i o n a l l y ,   w h i l e   in  t h e   a b o v e   d e s c r i b e d   r e s p -  

i r a t o r ,   t h e   v a l v e   13  i s   p l a c e d   in  t h e   i n l e t   to   t h e   f a c e -  

p i e c e ,   t h i s   v a l v e   may  be  p r o v i d e d   a t   any  c o n v e n i e n t   p o i n t  

i n t e r m e d i a t e   t h e   f an   and  t h e   f a c e p i e c e .   I t   w i l l   f u r t h e r  

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

a t o r   has   p a r t i c u l a r   a p p l i c a t i o n   to   gas   and   v a p o u r   f i l t e -  

r i n g ,   i t   i s   of  c o u r s e   e q u a l l y   a p p l i c a b l e   t o   d u s t   or  p a r t -  

i c u l a t e   m a t e r i a l   f i l t e r i n g   b e c a u s e   an  i n c r e a s e   in   t h e  

e f f i c i e n c y   of  use   of  any  s u c h   f i l t e r   i s   b e n e f i c i a l .  



1.  A  p o w e r   a s s i s t e d   r e s p i r a t o r   c o m p r i s i n g   a  

f a c e p i e c e   1  f o r   c o v e r i n g   a t   l e a s t   t he   mou th   of  t h e  

w e a r e r   and  h a v i n g   an  i n l e t   3  a n d  a n   o u t l e t ,   f i r s t  

o n e - w a y   v a l v e   means   2  i n   t h e   o u t l e t   w h i c h   i s   o p e n a b l e  

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

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

p r e s s u r e   i s   e s t a b l i s h e d   t h e r e a c r o s s ,   pump  means   5 

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

f a c e p i e c e ,   and  f i l t e r   means   11  f o r   f i l t e r i n g   a i r  

s u p p l i e d   by  t h e   pump  means   t o   t h e   f a c e p i e c e ,   c h a r a c t e r -  

i s e d   in   t h a t   s e c o n d   o n e - w a y   v a l v e   means   13  i s   p r o v i d e d  

i n   t h e   p a t h   of  a i r   f l o w i n g   f r o m   t h e   pump  means   to  t h e  

f a c e p i e c e ,   w h i c h   v a l v e   means   13  i s   a r r a n g e d   to  b e  

c l o s e d   d u r i n g   e x h a l a t i o n   by  t h e   w e a r e r   when  t h e  

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

t h e r e o f   and  so  t h a t   t h e   pump  m e a n s   w i l l   t h e r e b y   b e  

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

c o n t i n u e s   to   o p e r a t e ,   l i t t l e   or  s u b s t a n t i a l l y   no  a i r   i s  

d r i v e n   t h e r e b y .  

2.  A  r e s p i r a t o r   as   c l a i m e d   in   c l a i m   1 ,  

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

13  i s   m o u n t e d   in   t h e   i n l e t   3  of  t h e   f a c e p i e c e .  

3.  A  r e s p i r a t o r   as  c l a i m e d   in   c l a i m   1 ,  

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

13  i s   m o u n t e d   i n t e r m e d i a t e   t h e   o u t l e t   of   t he   pump  m e a n s  

5  and  t h e   i n l e t   3  of  t h e   f a c e p i e c e .  

4.  A  r e s p i r a t o r   as  c l a i m e d   in   any  one  of  t h e  

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

o n e - w a y   v a l v e   means   13  c o m p r i s e s   a  f l a p   v a l v e   w h i c h  

i s   u n b i a s e d   so  as  to  c l o s e   as  s o o n   as  t h e   p r e s s u r e  



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

5.  A  r e s p i r a t o r   as  c l a i m e d   in   any   one  of   t h e  

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

o n e - w a y   v a l v e   means   2  i s   a  f l a p   v a l v e   w h i c h   i s   b i a s e d  

to   i t s   c l o s e d   p o s i t i o n .  

6.  A  r e s p i r a t o r   as  c l a i m e d   i n   any   one  of  t h e  

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

m e a n s   5  i s   c o n n e c t e d   to   t h e   f a c e p i e c e   by  a  f l e x i b l e  

h o s e   4  and  i s   a d a p t e d   to  be  c a r r i e d   by  t h e   w e a r e r .  

7.   A  r e s p i r a t o r   as  c l a i m e d   i n   any   one  of  t h e  

p r e c e d i n g   c l a i m s ,   w h e r e i n   t h e   f a c e p i e c e   1  c o v e r s  

t h e   m o u t h   and  n o s e   of   t h e   w e a r e r .  

8.  A  r e s p i r a t o r   as  c l a i m e d   i n   any   one  of   t h e  

p r e c e d i n g   c l a i m s ,   w h e r e i n   t h e   f a c e p i e c e   1  c o v e r s   t h e  

m o u t h ,   n o s e  a n d   e y e s   of   t h e   w e a r e r .  

9.  A  m e t h o d   of   o p e r a t i n g   a  p o w e r   a s s i s t e d  

r e s p i r a t o r   c o m p r i s i n g   a  f a c e p i e c e   1  f o r   c o v e r i n g   a t  

l e a s t   t h e   m o u t h   of  t h e   w e a r e r   and  h a v i n g   an  i n l e t   3 

and   an  o u t l e t ,   f i r s t   o n e - w a y   v a l v e   m e a n s   2  in   t h e  

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

o f   t h e   f a c e p i e c e ,   pump  means   5  c o n n e c t e d   to   t h e   i n l e t  

3  f o r   s u p p l y i n g   a i r   to   t h e   f a c e p i e c e   1,  and   f i l t e r  

m e a n s   11  f o r   f i l t e r i n g   a i r   s u p p l i e d   by  t h e   pump  m e a n s  

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

a  s e c o n d   o n e - w a y   v a l v e   means   13  in   t h e   p a t h   of  a i r  

f l o w i n g   f rom  t he   pump  means   5  to  t h e   f a c e p i e c e   a n d  

c a u s i n g   the   s e c o n d   o n e - w a y   v a l v e   m e a n s   13  to   be  c l o s e d  

d u r i n g   e x h a l a t i o n   by  t h e   w e a r e r   so  as  t o   p l a c e   t h e  

pump  means   5  in  a  c o n d i t i o n   s u c h   t h a t ,   a l t h o u g h   i t  

c o n t i n u e s   to  o p e r a t e ,   l i t t l e   or  s u b s t a n t i a l l y   no  a i r  

i s   d r i v e n   t h e r e b y .  
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