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 T h i s   invention  relates  to  an  improved,  single-element, 
filter  (14)  and  reusable  respirator  (10),  which  can  be  worn  in 
silica  dust,  silica  mist  and  asbestos  environments,  while 
providing  increased  visibility,  safety  and  comfort  for  the 
respirator  wearer.  A  significant  feature  of  the  respirator  (10) 
is  a  triangular  shaped  filter  housing  (22)  which  allows  the 
area  of  the  filter  media  to  be  increased  while  at  the  same 
time  reducing  filter  housing  obstructions  to  the  vision  of  the 
respirator  wearer. 



BACKGROUND  OF  THE  INVENTION 

T h i s   i n v e n t i o n   r e l a t e s   to  a  r e s p i r a t o r   a n d  

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

and  i m p r o v e d   w e a r e r   c o m f o r t ,   v i s i b i l i t y   and  s a f e t y .  

P r i o r - a r t ,   s i n g l e - e l e m e n t   r e s p i r a t o r s   g e n e r a l l y  

have  a  l a r g e ,   c i r c u l a r   f i l t e r   e l e m e n t   wh ich   p r o t r u d e s  

d i r e c t l y   in  f r o n t   of  t he   w e a r e r ' s   n o s t r i l s   and  m o u t h ,  

as  d e s c r i b e d   in  U.S .   P a t e n t   2 , 8 2 3 , 6 7 1 .   The  a w k w a r d  

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

o b s t r u c t   much  of  t he   w e a r e r ' s   f o r w a r d   v i s i o n   and  c a n  

c a u s e   d i s c o m f o r t .   No  known  p r i o r - a r t ,   s i n g l e - e l e m e n t  

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

O c c u p a t i o n a l   S a f e t y   and  H e a l t h   (NIOSH)  r e q u i r e m e n t s  

f o r   s i l i c a   d u s t ,   s i l i c a   m i s t   and  a s b e s t o s ,   s a i d   r e q u i r e -  

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

to  t e s t i n g   of  18  m i l l i m e t e r s   of  w a t e r   maximum,  a  f i n a l  

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

of  25  m i l l i m e t e r s   of  w a t e r   maximum,   and  an  e x h a l a t i o n  

r e s i s t a n c e   of  15  m i l l i m e t e r s   or  a  p e n e t r a t i o n   of  1 . 5  

m i l l i g r a m s   of  s i l i c a   d u s t .  

A  d u a l - e l e m e n t ,   o n e - h a l f   f a c e p i e c e ,   m o l d e d ,  

r e u s a b l e   r e s p i r a t o r   or  a  d i s p o s a b l e   r e s p i r a t o r   w h i c h  

c o v e r s   much  of  t he   f a c e ,   i s   g e n e r a l l y  u s e d   fo r   s i l i c a  

d u s t ,   s i l i c a   m i s t  a n d   a s b e s t o s   e n v i r o n m e n t s .   D u a l -  

e l e m e n t ,   r e u s a b l e   r e s p i r a t o r s   g e n e r a l l y   have   two  c i r c u l a r  

f i l t e r   e l e m e n t s   wh ich   p r o t r u d e   n e x t   to  or  u n d e r   t h e  

w e a r e r ' s   c h e e k s .   The  p o s i t i o n i n g   of  t h e s e   f i l t e r   e l e m e n t s  

o b s t r u c t s   a  c o n s i d e r a b l e   p o r t i o n   of  t he   w e a r e r ' s   s i d e w a r d  

and  d o w n w a r d   v i s i o n .   When  t h e s e   f i l t e r s   a r e   in  u s e ,  

mos t   of  t h e   r a d i u s   t h r o u g h   w h i c h   a r m s ,   h a n d s ,   or  f e e t  

move  c a n n o t   be  s e e n   by  the   w e a r e r .   T h u s ,   w o r k i n g   i n  

or  even   w a l k i n g   c l o s e   to  p o t e n t i a l l y   d a n g e r o u s   i n d u s t r i a l  

a r e a s   r e q u i r e s   e x t r a   c a u t i o n   when  w e a r i n g   t h i s   t y p e  
of  r e s p i r a t o r .   O t h e r   p r o b l e m s   in  h a v i n g   two  f i l t e r  

e l e m e n t s   a r e   an  added   c o m p l e x i t y   and  e x p e n s e   f o r   e a c h  

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



D i s p o s a b l e   r e s p i r a t o r s ,   u s e d   in  s i l i c a   d u s t ,  

s i l i c a   m i s t   and  a s b e s t o s  e n v i r o n m e n t s ,   a l s o   have   i n h e r e n t  

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

t h e y   c o v e r   s u c h   a  l a r g e   a r e a   of  t h e   f a c e .   D i s p o s a b l e  

r e s p i r a t o r s   a r e   n o t   as  d u r a b l e   as  m o l d e d   r e u s a b l e   r e s p i r a -  

t o r s ,   and  may  a c q u i r e  h o l e s   or  l e a k s ,   w h i c h   c o u l d   e n d a n g e r  

t h e   w e a r e r ' s   h e a l t h .   In  a d d i t i o n ,   d a i l y   or  f r e q u e n t  

d i s p o s a l   of  t h e s e   r e s p i r a t o r s   c an   be  e x t r e m e l y   c o s t l y .  

SUMMARY  OF  THE  INVENTION 

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  s o l u t i o n  

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

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

p o o r   v i s i b i l i t y ,   and  d i s c o m f o r t   f o r   t h e   w e a r e r .   S p e c i f i -  

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

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

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

h o u s i n g ,   s a i d   f i l t e r   h o u s i n g   s l o p i n g   in  a t   t he   t o p  

and  b o t t o m   t o w a r d s   t h e   r e s p i r a t o r   f a c e p i e c e .   The  t o p  

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

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

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

b e t w e e n   t h e   m o u t h   and  c h i n ,   c u r v i n g   in   f rom  t he   c h e e k s  

to   f o l l o w   t h e   f a c i a l   c u r v a t u r e .   Two  e x h a l a t i o n   v a l v e s  

a r e   l o c a t e d   on  e a c h   s i d e   n e a r   t h e   b o t t o m   of  t he   r e s p i r a t o r  

f a c e p i e c e   b e h i n d   and  p e r p e n d i c u l a r   to   t h e   f i l t e r   e l e m e n t .  

A d j u s t a b l e   s t r a p s   h o l d   t h e   r e s p i r a t o r   f a c e p i e c e   f i r m l y  

o n t o   t h e   f a c e .   An  i n c r e a s e d   f i l t e r   e l e m e n t   a r e a   a n d  

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

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

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

r e s p i r a t o r   to   be  worn  in  s i l i c a   d u s t ,   s i l i c a   m i s t   a n d  

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

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

t h e   w e a r e r ' s   v i s i o n ,   even   w i t h   an  i n c r e a s e d   f i l t e r  

e l e m e n t   a r e a ,   b e c a u s e   o f :   1)  t h e   p a r t i c u l a r   l o c a t i o n  

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



and  s l o p i n g ) ;   2)  t he   s t r u c t u r e ,   p o s i t i o n i n g   and  s i z e  

of  t h e   r e s p i r a t o r   f a c e p i e c e ;   3)  t h e   l o c a t i o n   and  s m a l l  

s i z e   of  t he   e x h a l a t i o n   v a l v e s ;   and  4)  the   p o s i t i o n i n g  

of  t h e   s t r a p s .   T h i s   i m p r o v e d   v i s i o n   wh ich   r e s u l t s  

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

A c c o r d i n g l y ,   i t   i s   an  o b j e c t   of  t he   p r e s e n t  

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

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

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

to  s i l i c a   d u s t ,   s i l i c a   m i s t   and  a s b e s t o s ,   b e c a u s e   o f  

an  i n c r e a s e d   f i l t e r - e l e m e n t   a r e a .  

I t   i s   a  f u r t h e r   o b j e c t   of  t h i s   i n v e n t i o n  

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

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

f o r   t h e   r e s p i r a t o r   w e a r e r .  

O t h e r   o b j e c t s   and  f u r t h e r   s c o p e   of  a p p l i c a b i l i t y  

of  t he   p r e s e n t   i n v e n t i o n   w i l l   become  a p p a r e n t   f r o m  

the   d e t a i l e d   d e s c r i p t i o n   to  f o l l o w ,   t a k e n   in  c o n j u n c t i o n  

w i t h   t he   a c c o m p a n y i n g   d r a w i n g s .  

BRIEF  DESCRIPTION  OF THE  DRAWING 

F i g .   1  i s   an  e x p l o d e d   p e r s p e c t i v e   v i ew  o f  

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

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

f l a p ;  

F i g .   2  i s   a  s i d e   e l e v a t i o n   v iew  of  t he   r e s p i r a -  

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

F i g .   3  is   a  r e a r   p l a n   v i ew   of  t he   r e s p i r a t o r ;  

F i g .   4  is   a  c r o s s - s e c t i o n a l   s i d e   v i ew  o f  

t he   r e s p i r a t o r ;   a n d  

F i g .   5  is   a  c r o s s - s e c t i o n a l   v iew  of  t h e   e x h a l a -  

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

DESCRIPTION  OF  THE  PREFERRED EMBODIMENTS 

The  r e s p i r a t o r   10  of  t h i s   i n v e n t i o n   i s   i l l u s t r a -  

t ed   in  F i g s .   1 - 4 .   F i g .   1,  w h i c h   i s   an  e x p l o d e d   v i e w ,  

i l l u s t r a t e s   t he   t h r e e   ma in   s e p a r a b l e   p i e c e s   of  t h e  



r e s p i r a t o r   10;  t h e   f a c e p i e c e   12,   t h e   f i l t e r   14,  a n d  

t h e   f i l t e r   c o v e r   1 6 .  

The  f a c e p i e c e   12,  as  i l l u s t r a t e d   in  F i g s .  

1 - 4 ,   c o n t a i n s   a  f a c e p i e c e   body   18,   two  e x h a l a t i o n   v a l v e s  

20,   a  f i l t e r   h o l d e r   or  h o u s i n g   22  w i t h   a  c o n t a i n e d  

i n h a l a t i o n   v a l v e   24  and  i n h a l a t i o n   v a l v e   f l a p   26,  a n d  

an  e l a s t i c   band   2 8 .  

The  f a c e p i e c e   body  18,   i s   made  of  a  f i r m ,  

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

and  c o m f o r t a b l y   on  t h e   w e a r e r ' s   f a c e .   An  u p p e r   p o r t i o n  

30  of   t he   f a c e p i e c e   body  18  i s   f o r m e d   w i t h   an  i n w a r d l y  

f o l d i n g   r i d g e   32  ( F i g s .   3  and  4)  w h i c h   c o n f o r m s   t o  

t h e   b r i d g e   of   t h e   w e a r e r ' s   n o s e .   T h i s   i n w a r d   f o l d i n g  

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

f a c e p i e c e   body   18  in  o r d e r   to   p r o v i d e   a  good  a i r   s e a l  

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

o n l y   t h r o u g h   t h e   r e s p i r a t o r   i n h a l a t i o n   v a l v e   24  a n d  

e x h a l a t i o n   v a l v e s   20,  t h u s   p r o v i d i n g   e f f e c t i v e   f i l t e r i n g .  

T h i s   r i d g e   32  p r o v i d e s   a  f l e x i b l e ,   n o n - i r r i t a t i n g   s u r f a c e  

w h i c h   c o n f o r m s   c o m f o r t a b l y   to   t h e   w e a r e r ' s   f a c e .  

An  o u t e r   r i d g e   34  of  t h e   f a c e p i e c e   body  1 8  

i n t e r i o r   e x t e n d s   o u t w a r d l y   away  f r o m   t h e   i n w a r d   f o l d i n g  

r i d g e   32  a r o u n d   t h e   p e r i m e t e r   of   t h e   f a c e p i e c e   b o d y  
18  w h e r e   i t   i s   in   c o n t a c t   w i t h   t h e   w e a r e r ' s   f a c e .  

T h i s   o u t e r   r i d g e   34  b e c o m e s   w i d e r   in   t h e   r e g i o n   w h e r e  

t h e   f a c e p i e c e   body   18  r e s p i r a t o r   c o v e r s   t h e   w e a r e r ' s  

c h e e k s ,   c a u s i n g   a  m a t e r i a l   s t i f f n e s s   w h i c h   m a i n t a i n s  

t h e   r e s p i r a t o r ' s   s h a p e   o v e r   t h i s   r e g i o n   w h i l e   p r o v i d i n g  

a  s e c o n d   a i r   s e a l .   The  o u t e r   r i d g e   34  i s   r o u n d e d   t o  

p r o v i d e   a  n o n - i r r i t a t i n g ,   good  c o n t a c t   w i t h   t he   w e a r e r ' s  

f a c e .  

S i d e   s e c t i o n s   36  of  t h e   f a c e p i e c e   body  18  

a r e   i n d e n t e d   to   f i t   a l o n g   e i t h e r   s i d e   of  t h e   nose   b r i d g e  

j u s t   a b o v e   t h e   n o s t r i l s   to   g i v e   a  snug   f i t .   A  l o w e r  

p o r t i o n   38  of  t h e   f a c e p i e c e   body   18  i s   c o n t o u r e d   t o  

f i t   i m m e d i a t e l y   a b o v e   the   w e a r e r ' s   c h i n .   The  f a c e p i e c e  

body   18  i s   c u p p e d   o u t w a r d   to   k e e p   i t   away  f rom  t h e  



w e a r e r ' s   n o s t r i l s   and  m o u t h ,   y e t   n o t   so  f a r   as  to  c a u s e  
v i s u a l   o b s t r u c t i o n .  

Two  e x h a l a t i o n   v a l v e   m e c h a n i s m s   20  a r e   s i t u a t e d  

t h r o u g h   c i r c u l a r   h o l e s   in  t he   f a c e p i e c e   body  18  i n  

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

The  i n n e r   c i r c u m f e r e n c e   of  the   r u b b e r   d e f i n i n g   t h e  

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

c o l l a r   40  in  t h e   f a c e p i e c e   body  18  to   s t a b i l i z e   t h e  

e x h a l a t i o n   v a l v e   m e c h a n i s m s   2 0 .  

A  c r o s s - s e c t i o n a l   v i ew  of  t h e   e x h a l a t i o n  

v a l v e   m e c h a n i s m s   20,  w h i c h   a r e   i d e n t i c a l   in  c o n s t r u c t i o n ,  

i s   shown  in  F i g .   5.  Each  e x h a l a t i o n   v a l v e   m e c h a n i s m  

20  c o n s i s t s   e s s e n t i a l l y   of  a  r i g i d ,   m o l d e d   p l a s t i c ,  

c y l i n d r i c a l   v a l v e   s e a t   42  upon  w h i c h   a  f l e x i b l e   v a l v e  

f l a p   44  i s   s e a t e d ,   and  a  s e m i - r i g i d ,   m o l d e d   p l a s t i c ,  

p r o t e c t i v e ,   p e r f o r a t e d   v a l v e   c o v e r   46.  The  v a l v e   f l a p  

44  i s   s e a t e d   d u r i n g   i n h a l a t i o n ,   and  b e c a u s e   of  i t s  

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

t h e   w e a r e r   e x h a l e s .   A  s u i t a b l e   r u b b e r   f o r   f o r m i n g  

v a l v e   f l a p   44  i s   i d e n t i f i e d   as  c o m p o u n d   # R - 4 7 5 2 9   b y  
A c u s h n e t   Company ,   New  B e d f o r d ,   M a s s a c h u s e t t s .   A  v a l v e  

f l a p   s t em  48,  w h i c h   i s   t he   end  s e c t i o n   of  t h e   v a l v e  

f l a p   44,  i s   h e l d   in  p o s i t i o n   by  a  r i g i d   p l a s t i c   r i n g -  

a n d - s p o k e   s y s t e m   50,  a l l o w i n g   f r e e   m o v e m e n t   of  e x h a l e d  

b r e a t h   to   a c t   upon  t h e   f l a p  4 4 .   The  v a l v e   f l a p   4 4 ,  

made  of  a  f l e x i b l e   m a t e r i a l   such   as  r u b b e r ,   i s   p r o t e c t e d  

f rom  e x t e r n a l   damage   and  d i r t   by  a  v a l v e   c o v e r   46  w h i c h  

i s   p e r f o r a t e d   by  an  a r r a y   of  h o l e s   52  to   a l l o w   f r e e  

p a s s a g e   of  e x h a l e d   b r e a t h .  

A  s i n g l e   i n h a l a t i o n   v a l v e   m e c h a n i s m   24  i s  

p o s i t i o n e d   t h r o u g h   a  c i r c u l a r   h o l e   54  in  t he   f a c e p i e c e  

body   18  in  f r o n t   of  t he   w e a r e r ' s   n o s t r i l s .   By  p l a c i n g  
h o l e   54  a d j a c e n t   t r i a n g u l a r   f i l t e r   h o u s i n g   (as  o p p o s e d  

to   c e n t r a l l y   as  is   done   in  many  p r i o r   a r t   d e v i c e s )  

as  shown ,   l o w e r i n g   of  t he   h o u s i n g   i s   p o s s i b l e   e n a b l i n g  

b e t t e r   v i e w i n g .   The  i n n e r   c i r c u m f e r e n c e   of  t h i s   h o l e  

54  i s   f l a n g e d   o u t   to  form  an  e x t e n d e d   c o l l a r   56  i n  



t h e   f a c e p i e c e   body   18  to   s t a b i l i z e   t h e   i n h a l a t i o n   v a l v e  

m e c h a n i s m   2 4 .  

The  i n h a l a t i o n   v a l v e   m e c h a n i s m   24,   s h o w n  

in  F i g s .   1,  3  and  4,  c o n s i s t s   e s s e n t i a l l y   of  a  r i g i d ,  

m o l d e d   p l a s t i c ,   c y l i n d r i c a l   v a l v e   s e a t   58  upon  w h i c h  

a  f l e x i b l e   v a l v e   f l a p   26  i s   s e a t e d ;   and  a  s p o k e - a n d -  

b u t t o n   s y s t e m   60  w h i c h   a n c h o r s   t h e   v a l v e   f l a p   2 6 .  

The  i n h a l a t i o n   v a l v e   f l a p   26,   made  of  a  t h i n   f l e x i b l e  

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

and  i s   f l e x e d   open   d u r i n g   i n h a l a t i o n   t o w a r d s   t he   w e a r e r ' s  

n o s t r i l s .   T h i s   v a l v e   f l a p   26  i s   f a s t e n e d   to   a  c y l i n d r i c a l  

b u t t o n   in  t h e   c e n t e r   of   t h e   s p o k e - a n d - b u t t o n   s y s t e m  

60  t h r o u g h   a  s m a l l   c y l i n d r i c a l   h o l e   62  in  t h e   i n h a l a t i o n  

v a l v e   f l a p   26,   a l l o w i n g   f r e e   m o v e m e n t   of  i n h a l e d ,   f i l t e r e d  

a i r .   The  i n t a k e   of  t h e   i n h a l a t i o n   v a l v e   m e c h a n i s m  

24  e x t e n d s   o u t w a r d   f r o m   t h e   f a c e p i e c e   body   18  to   b e c o m e  

a  c o n t a i n e d   p a r t   w i t h   t h e   back   of  t h e   f i l t e r   h o l d e r  

22.   T h r e e   p o s t s   64  e x t e n d i n g   f rom  t h e   f i l t e r   h o l d e r  

22  h o l d   a  f e l t   f i l t e r   14  in  p l a c e   w i t h i n   t h e   f i l t e r  

h o u s i n g   e l e m e n t .   P i n s   or   p o s t s   64  p r e v e n t   s a g g i n g  

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

22.   W i t h o u t   t h e   s u p p o r t   p r o v i d e d   by  p i n s   64,   i n c r e a s e d  

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

f r e e   s p a c e   o v e r   and  a r o u n d   h o l e   54  of  t h e   i n h a l a t i o n  

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

be  n o t e d   t h a t   many  p r i o r   a r t   r e s p i r a t o r s   have   d e s i g n s  

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

or  t o w a r d   i n h a l a t i o n   v a l v e s .  

In  o r d e r   to   h o l d   t he   r e s p i r a t o r   10  o n t o   t h e  

w e a r e r ' s   f a c e ,   an  a d j u s t a b l e   e l a s t i c   band   28  l o o p s  

f r o m   t h e   f a c e p i e c e   b o d y   18  to   a r o u n d   t h e   w e a r e r ' s   h e a d  

and  u p p e r   neck   ( F i g .   1 ) .   The  e l a s t i c   band   28  p a s s e s  

t h r o u g h   a  D - s h a p e d   h o l e   66  in  t h e   end  of  a  m e t a l   c l i p  

68  ( F i g s .   1 -3 )   on  e a c h   s i d e   of  t h e   f a c e p i e c e   b o d y  

18 ,   a l l o w i n g   band   m o v e m e n t ,   and  t h u s   a d j u s t m e n t .   T h e  

o p p o s i t e   end  of  e a c h   m e t a l   c l i p   68  i s   e m b e d d e d   w i t h i n  

a  s l o t ,   l o c a t e d   in  an  o u t w a r d - e x t e n d e d   t a b   70  of  t h e  

f a c e p i e c e   body  1 8 .  



The  f e l t   f i b e r   14  ( F i g s .   1  a n d   4)  is  t r i a n g u l a r  

s h a p e d   and  a p p r o x i m a t e l y  1   cm.  t h i c k .   I t   is   made  o f  

a  new  low  r e s i s t a n c e   f e l t   m a t e r i a l   as  s u p p l i e d   by  A m e r i c a n  

F e l t   and  F i l t e r .   T h i s   f i l t e r   14  has   a  l a r g e r   a r e a  

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

e f f e c t i v e   in  s i l i c a   d u s t ,   s i l i c a   m i s t   and  a s b e s t o s  

e n v i r o n m e n t s .  

A  t r i a n g u l a r - s h a p e d   f i l t e r   c o v e r   16  ( F i g s .  

1,  2  and  4)  s n a p s   o n t o   the   f i l t e r   h o l d e r   22  to  c o n t a i n  

and  p r o t e c t   t h e   f e l t   f i l t e r   14,  w h i l e   a l l o w i n g   a i r  

f o r   b r e a t h i n g   to   f l o w   i n t o   t he   r e s p i r a t o r   10.  T h e  

t o p   f a c e   of  t h e   f i l t e r   c o v e r   s c r e e n   72  and  the   b o t t o m  

f a c e   of  t he   f i l t e r   c o v e r   s c r e e n   74  a r e   c a n t e d   or  s l a n t e d  

b a c k w a r d   away  f rom  t he   p l a n e   of  t h e   c e n t e r   f i l t e r   c o v e r  

s c r e e n   76  t o w a r d   t h e   r e s p i r a t o r   f a c e p i e c e  1 2  o r   w e a r e r .  

The  e n c l o s e d   f i l t e r   14,   t h e   f i l t e r   c o v e r   r im  78,  a n d  

t h e   l o w e r   p o r t i o n   of  t he   f i l t e r   h o l d e r   22  a l s o   m a i n t a i n  

t h i s   b a c k w a r d   c a n t ,   p r o d u c i n g   a  w r a p a r o u n d   s h a p e   ( F i g s .  

2  and  4)  f o r   t h e   e n t i r e   f i l t e r   h o u s i n g   e l e m e n t ,   a n d  

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

f o r   t he   r e s p i r a t o r   w e a r e r .  

EXAMPLE  1  

A  p r i o r - a r t ,   c i r c u l a r ,   s i n g l e - e l e m e n t   f i l t e r  

( d e t a c h e d   f rom  a  r e s p i r a t o r )   was  m o u n t e d   to  a  t a p e r e d  

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

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

by  30  CFR  11,  S u b p a r t   K,  S e c t i o n s   1 1 . 1 4 0 - 4   and  - 9 ,  

s u m m a r i z e d   as  f o l l o w s :   1 1 . 1 4 0 - 4   S i l i c a   d u s t   t e s t ;  

s i n g l e - u s e   or  r e u s a b l e   f i l t e r s ;   min imum  r e q u i r e m e n t s .  

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

f o r   p e r i o d s   of  90  m i n u t e s   each   a t   c o n t i n u o u s  a i r f l o w  

r a t e   of  32  l i t e r s   pe r   m i n u t e .   b )  T h e   r e l a t i v e   h u m i d i t y  

in  the   t e s t   c h a m b e r   i s   20 -80   p e r c e n t ,   and  t he   r o o m  

t e m p e r a t u r e   i s   a p p r o x i m a t e l y   25°C.   c)  The  t e s t   s u s p e n s i o n  

in  t he   c h a m b e r   i s   no t   l e s s   t h a n   50  nor   more  t h a n   60  

m i l l i g r a m s   of  f l i n t   (99+  p e r c e n t   f r e e   s i l i c a )   per   c u b i c  



m e t e r   of   a i r .   d)  The  f l i n t   in  s u s p e n s i o n   i s   g r o u n d  
to   p a s s   99+  p e r c e n t   t h r o u g h   a  2 7 0 - m e s h   s i e v e .   e)  T h e  

p a r t i c l e - s i z e   d i s t r i b u t i o n   of  t h e   t e s t   s u s p e n s i o n   h a s  

a  g e o m e t r i c   mean  of   0 . 4   to   0 . 6   m i c r o m e t e r ,   and  t h e  

s t a n d a r d   g e o m e t r i c   d e v i a t i o n   d o e s   n o t   e x c e e d   2.  f )  

The  t o t a l   a m o u n t   of  u n r e t a i n e d   t e s t   s u s p e n s i o n   in  s a m p l e s  

t a k e n   d u r i n g   t e s t i n g   s h a l l   n o t   e x c e e d   1 .5   m i l l i g r a m s .  

1 1 . 1 4 0 - 9   A i r f l o w   r e s i s t a n c e   t e s t s ;   a l l   d u s t ,   f u m e ,  

and  m i s t   r e s p i r a t o r s ;   m i n i m u m   r e q u i r e m e n t s .   g)  R e s i s t a n c e  

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

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

a i r   f l o w i n g   a t   a  c o n t i n u o u s   r a t e   of  85  l i t e r s   p e r   m i n u t e ,  

b o t h   b e f o r e   and  a f t e r   e a c h   t e s t   c o n d u c t e d   in  a c c o r d a n c e  

w i t h   1 1 . 1 4 0 - 4 .  

C o n v e n t i o n a l   r e s p i r a t o r   f e l t   m a t e r i a l   w a s  

u s e d   f o r   t h e   f i l t e r   m e d i a .   A v e r a g e   t e s t   r e s u l t s   f o r  

22  t e s t s   p e r f o r m e d   a r e   l i s t e d   in  T a b l e   1 .  





EXAMPLE  2  

R e s p i r a t o r   e x h a l a t i o n   v a l v e s   of  t h e   p r e s e n t  

i n v e n t i o n   w e r e   t e s t e d   f o r   e x h a l a t i o n   w i t h   a i r f l o w   r e s i s -  

t a n c e   and  e x h a l a t i o n   v a l v e   l e a k a g e   in  a c c o r d a n c e   w i t h  

NIOSH  t e s t   r e q u i r e m e n t s   as  s p e c i f i e d   by  30  CFR  1 1 ,  

S u b p a r t   K,  S e c t i o n   1 1 . 1 4 0 - 9   as  l i s t e d   in  E x a m p l e   1  

and  S e c t i o n   1 1 . 1 4 0 - 1 0 ,   s u m m a r i z e d   as  f o l l o w s :   1 1 . 1 4 0 - 1 0  

E x h a l a t i o n v a l v e   l e a k a g e   t e s t ;   m in imum  r e q u i r e m e n t s .  

a)  Dry  e x h a l a t i o n   v a l v e s   and  v a l v e   s e a t s   a r e   s u b j e c t e d  

to  a  s u c t i o n   of   25  m i l l i m e t e r s   w a t e r   c o l u m n   h e i g h t  

w h i l e   in  a  n o r m a l   o p e r a t i n g   p o s i t i o n .   b)  L e a k a g e   b e t w e e n  

t h e   v a l v e   and  v a l v e   s e a t   s h a l l   n o t   e x c e e d   30  m i l l i l i t e r s  

p e r   m i n u t e .  

An  a v e r a g e   e x h a l a t i o n   v a l v e   f l a p   r e s i s t a n c e  

of  8 .9   m i l l i m e t e r s   of  w a t e r   was  t h e   r e s u l t   of  75  t e s t s  

p e r f o r m e d .   T h e r e   w e r e   no  l e a k a g e   f a i l u r e s .  

EXAMPLE  3 

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

c a t i o n s   of   E x a m p l e   1,  t h e   t r i a n g u l a r - s h a p e d   f i l t e r  

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

f e l t   m a t e r i a l   f i l t e r   m e d i a   as  s u p p l i e d   by  A m e r i c a n  

F e l t   and  F i l t e r   Company  of  N e w b u r g h ,   New  Y o r k ,   w a s  
t e s t e d .   The  f e l t   i s   i d e n t i f i e d   as  f e l t   FFM47.  A v e r a g e  
t e s t   r e s u l t s   f o r   48  t e s t s   p e r f o r m e d   a r e   l i s t e d   in   T a b l e  

2 .  



C o m p a r i n g   t e s t   r e s u l t s   of  E x a m p l e s   2  a n d  

3,  i t   can   be  s e e n   t h a t   the   f i l t e r   m e d i a   i m p r o v e m e n t  

of  E x a m p l e   3  l o w e r s   t h e   r e s i s t a n c e   and  p e n e t r a t i o n  

v a l u e s ,   t h u s   m a k i n g   t he   f i l t e r   e l e m e n t   e v e n   more  a c c e p t -  

a b l e   f o r   an  a s b e s t o s   d u s t   e n v i r o n m e n t .  

EXAMPLE  4 

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

c a t i o n s   of  E x a m p l e   3  and  u s i n g   s i m i l a r   t r i a n g u l a r - s h a p e d  

f i l t e r   e l e m e n t s   and  f i l t e r   m e d i a   m a t e r i a l s ,   f i l t e r  

e l e m e n t s   we re   t e s t e d   by  a  d i f f e r e n t   l a b o r a t o r y   to  c o m p a r e  
r e s u l t s .   A v e r a g e   t e s t   r e s u l t s   f o r   36  t e s t s   p e r f o r m e d  

a r e   l i s t e d   in  T a b l e   3 .  

*See  f o o t n o t e   in  E x a m p l e   1 .  



C o m p a r i n g   t e s t   r e s u l t s   of   E x a m p l e s   3  a n d  

4,  v a l u e s   a r e   f a i r l y   c l o s e .  

EXAMPLE  5 

The  t r i a n g u l a r - s h a p e d   f i l t e r   e l e m e n t   of  t h i s  

i n v e n t i o n ,   w i t h   an  i m p r o v e d   f e l t   m a t e r i a l   f i l t e r   m e d i a ,  

was  m o u n t e d   to   a  t a p e r e d   a d a p t o r   and  t e s t e d   f o r   s i l i c a  

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

as  s p e c i f i e d   by  30  CFR  11,   S u b p a r t   K,  S e c t i o n   1 1 . 1 4 0 - 7 ,  

s u m m a r i z e d   as  f o l l o w s :   1 1 . 1 4 0 - 7   S i l i c a   m i s t   t e s t ;  

min imum  r e q u i r e m e n t s .   a)  T h r e e   r e s p i r a t o r s   a r e   t e s t e d  

f o r   a  p e r i o d   of   312  m i n u t e s   e a c h   a t   a  c o n t i n u o u s   a i r f l o w  

r a t e   of  32  l i t e r s   p e r   m i n u t e .   b)  The  room  t e m p e r a t u r e  

in  t h e   t e s t   c h a m b e r   i s   a p p r o x i m a t e l y   250C.  c)  T h e  

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

20  nor   more   t h a n   25  m i l l i g r a m s   of   s i l i c a   m i s t ,   w e i g h e d  

as  s i l i c a   d u s t ,   pe r   c u b i c   m e t e r   of  a i r .   d)  M i s t   i s  

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

(99+  p e r c e n t   f r e e   s i l i c a ) ,   and  t h e   f l i n t   i s   g r o u n d  

to  p a s s   99+  p e r c e n t   t h r o u g h   a  2 7 0 - m e s h   s i e v e .   e)  S a m p l e s  

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

f o r   a n a l y s i s .   f)  The  t o t a l   a m o u n t   of  s i l i c a   m i s t   u n -  
r e t a i n e d   in   t h e   s a m p l e   t a k e n   d u r i n g   t e s t i n g   w e i g h e d  

as  s i l i c a   d u s t ,   s h a l l   n o t   e x c e e d   2 . 5   m i l l i g r a m s .  



A v e r a g e   t e s t   r e s u l t s   fo r   24  t e s t s   p e r f o r m e d  

a r e   l i s t e d   in  T a b l e   4 .  

As  can  be  s e e n   f rom  the   r e s u l t s   of   T a b l e  

4,  t h e   r e s p i r a t o r   of  t h i s   i n v e n t i o n ,   w i t h   a  t r i a n g u l a r -  

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

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

A l t h o u g h   t h e   i n v e n t i o n   has   b e e n   d e s c r i b e d  

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

e m b o d i m e n t s   can  a c h i e v e   t he   same  r e s u l t s .   V a r i a t i o n s  

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

o b v i o u s   to   t h o s e   s k i l l e d   in  t he   a r t   and  i t   i s   i n t e n d e d  

to   c o v e r   in  t he   a p p e n d e d   c l a i m s   a l l   such   m o d i f i c a t i o n s  

and  e q u i v a l e n t s .  

*See   f o o t n o t e   in  E x a m p l e   1 .  



1.  A  o n e - q u a r t e r   f a c e p i e c e   t y p e   r e s p i r a t o r   ( 1 0 )  

c o m p r i s i n g :  

a  o n e - q u a r t e r   f a c e p i e c e   (12)  made  of  f l e x i b l e  

m a t e r i a l ;  

a  p a i r   of   e x h a l a t i o n   v a l v e s   (20)  w i t h   o n e  

e x h a l a t i o n   v a l v e   b e i n g   p o s i t i o n e d   in   e a c h   o p p o s e d   s i d e  

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

o p p o s e d   s i d e   of  s a i d   f a c e p i e c e   ( 1 2 ) ;  

an  i n h a l a t i o n   v a l v e   (24)  p o s i t i o n e d   in  t h e   f r o n t  

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

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

s a i d   f a c e p i e c e   (12)  b e i n g   d e s i g n e d   so  t h a t   i t  

f i t s   s n u g l y   t o   t h e   c o n t o u r s   of  t h e   w e a r e r ' s  f a c e   a n d  

o n l y   a l l o w s   a i r f l o w   t h r o u g h   s a i d   v a l v e s   (20;   24)  w h e n  

worn   by  a  w e a r e r ;  

a  t r i a n g u l a r   s h a p e d   f i l t e r   h o u s i n g   (22)  d e f i n i n g  

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

v a l v e   (24)   and  b e i n g   c a r r i e d  b y   s a i d   f a c e p i e c e   ( 1 2 ) ;  

a  t r i a n g u l a r   f i l t e r   (14)   in   s a i d   f i l t e r  

h o u s i n g   ( 2 2 ) ;   a n d  

a  f i l t e r   c o v e r   (16)  c o v e r i n g   s a i d   f i l t e r  

h o u s i n g   ( 2 2 ) .  

2.  T h e  r e s p i r a t o r   as  s e t   f o r t h   in   c l a i m   1  

w h e r e i n   s a i d   f i l t e r   h o u s i n g   (22)  s l o p e s   in  a t   t h e   t o p  

and  b o t t o m   t o w a r d   t h e   r e s p i r a t o r   f a c e p i e c e   (12)  t o  

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

w e a r e r .  

3.  The  r e s p i r a t o r   as  s e t   f o r t h   in   c l a i m   2  a l s o  

c o m p r i s i n g   f i l t e r   s u p p o r t   p i n s   (64)  w h i c h   p r o v i d e   f r e e  

a i r   s p a c e   b e t w e e n   t h e   i n h a l a t i o n   v a l v e   (24)  and  t h e  

f i l t e r   ( 1 4 ) .  
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