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©  Photoelectric  smoke  detector. 
57  The  device  relates  to  a  small-sized  photoelectric  smoke 
detector  in  which  the  measuring  chamber  itself  has  a  light 
trap  function  and  which  has  a  narrow  measuring  space.  The 
measuring  chamber  is  composed  of  a  front  wall  (6)  which 
reflects  the  light  from  a  light  emitter  (1)  at  a  predetermined 
angle  to  the  optical  axis  of  the  smoke  detector,  side  walls  (4, 
5)  which  are  arranged  nearly  parallel  with  the  optical  axis. 
According  to  a  preferred  embodiment  of  the  device  the 
measuring  chamber  comprises  a  rear  wall  (7)  which  reflects 
the  light  reflected  from  the  side  walls  (4,  5)  at  such  an  angle 
that  the  reflected  light  does  not  directly  irradiate  the  light 
receiver  (2).  The  light  trap  function  of  the  measuring 
chamber  can  be  further  improved  if  the  walls  of  the 
measuring  chamber  have  mirror-like  surfaces  with  good 
absorbance. 





The  i n v e n t i o n   r e l a t e s   to   a  p h o t o e l e c t r i c   smoke  d e t e c t o r  

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

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

l i g h t   c a u s e d   by  e n t r y   of  smoke  i n t o   t h e   m e a s u r i n g   s p a c e .  

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

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

to   p r e v e n t   t he   e n v i r o n m e n t a l   l i g h t   f rom  e n t e r i n g   t h e   d a r k  

c h a m b e r   bu t   to  f a c i l i t a t e   e n t r y   of  smoke  i n t o   t h e   s a m e .  

H o w e v e r ,   t h o s e   d e t e c t o r s   w i t h   t he   a b o v e - m e n t i o n e d   d a r k  

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

f o r   use   as  d e t e c t o r s   b u i l t   in  e q u i p m e n t   such   as  e l e c t r o n i c  

c o m p u t e r s   or  i n s t a l l e d   in  l a v a t o r i e s   in  a i r c r a f t s .   They  a l s o  

h a v e   s u c h   a  s h o r t c o m i n g   t h a t   m i n i a t u r i z i n g   them  by  m e r e l y  

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

t h e   SN  r a t i o .  

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  p h o t o e l e c t r i c   smoke   d e t e c t o r  

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

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

l i g h t   c a u s e d   by  e n t r y   of  smoke  i n t o   t he   m e a s u r i n g   s p a c e ,   a n d  

c h a r a c t e r i z e d   in  t h a t   a  d a r k   c h a m b e r   w h i c h   f o r m s   t h e   a b o v e  

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

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

t h a t   t h e   l i g h t   f r o m   t he   l i g h t   e m i t t e r   i s   r e f l e c t e d   at  a  p r e -  

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

a r e   a r r a n g e d   n e a r l y   in  p a r a l l e l   w i t h   t h e   o p t i c a l   a x i s .  

A c c o r d i n g   to  a  p r e f e r r e d   e m b o d i m e n t   of  t h e   i n v e n t i o n   t h e  

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



w h i c h   i s   a r r a n g e d   in  t h e   r e a r   of  t he   l i g h t   e m i t t e r   and  r e f l e c t s  

t h e   r e f l e c t e d   l i g h t   f rom  t h e   s i d e   w a l l s   a t   s u c h   an  a n g l e   t h a t  

t h e   r e f l e c t e d   l i g h t   d o e s   no t   d i r e c t l y   i r r a d i a t e   t he   l i g h t   r e -  

c e i v e r .  

« 
A c c o r d i n g   to  a  f u r t h e r   p a r t i c u l a r l y   p r e f e r r e d   e m b o d i m e n t   o f  

t h e   i n v e n t i o n   t he   p h o t o e l e c t r i c   smoke  d e t e c t o r   is   e q u i p p e d  

w i t h   a  d a r k   c h a m b e r   of  t h e   a b o v e   c o m p o s i t i o n   w h e r e b y   t he   a b o v e  

w a l l s   h a v e   m i r r o r - l i k e   s u r f a c e s   w i t h   good   a b s o r b a n c e .  

The  p h o t o e l e c t r i c   smoke  d e t e c t o r   a c c o r d i n g   to   t he   p r e s e n t   i n -  

v e n t i o n   i s   e q u i p p e d   w i t h   a  d a r k   c h a m b e r   of  t h e   above   c o m p o -  

s i t i o n   w h e r e b y   t he   d a r k   c h a m b e r   i t s e l f   i s   c a p a b l e   of  p e r f o r m i n g  

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

i s   d e s i g n e d   in  s u c h   a  way  t h a t   t h e   l i g h t   beam  r a d i a t e d   by  t h e  

l i g h t   e m i t t e r   i s   r e f l e c t e d   f rom  t h e   w a l l   s u r f a c e s   of  t he   d a r k  

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

l i g h t   to   r e a c h   t he   l i g h t   r e c e i v i n g   e l e m e n t   of  t h e   l i g h t   r e -  

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

e l e m e n t   i f   any  is   a t t e n u a t e d   to   a  v e r y   weak  o n e .   T h e r e f o r e ,  

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

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

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

The  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 ,   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   a re   s h o w n :  

F i g u r e s   1  t h r o u g h   3  a r e   s c h e m a t i c   d i a g r a m s   of   t h e   p h o t o e l e c t r i c  

smoke  d e t e c t o r s   a c c o r d i n g   to   t h e   p r e s e n t   i n v e n t i o n .   (a)  c r o s s  

s e c t i o n   (b)  t r a n s v e r s e   s e c t i o n .   F i g u r e   4  shows   c h a r a c t e r i s t i c s .  



The  f o l l o w i n g   d e s c r i b e s   e m b o d i m e n t s   of  t h e   p h o t o e l e c t r i c   s m o k e  

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

F i g u r e s   1  t h r o u g h   3.  In  t h e s e   f i g u r e s ,   (a)   is   a  c r o s s   s e c t i o n  

and  (b)  is   a  t r a n s v e r s e   s e c t i o n   of  t h e   d a r k   c h a m b e r   a c c o r d i n g  

to  t h e   p r e s e n t   i n v e n t i o n ,   w h e r e i n   t he   c o m p o n e n t s   a re   i n d i c a t e d  

by  n u m e r a l s   as  f o l l o w s :   1  -   a  l i g h t   e m i t t e r   w h i c h   i s   e q u i p p e d  

w i t h   a  l i g h t   s o u r c e   such   as  l i g h t   e m i t t i n g   d i o d e   and  a  l e n s ,  

and  r a d i a t e s   a  c o n v e r g e n t   l i g h t   beam;  2  -   a  l i g h t   r e c e i v e r  

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

a  l e n s ;   3  -   a  l i g h t   s h i e l d i n g   p l a t e   p r o v i d e d   b e t w e e n   t h e   l i g h t  

e m i t t e r   1  and  t h e   l i g h t   r e c e i v e r   2;  4,  5  -   s i d e   w a l l s   a r r a n g e d  

n e a r l y   in  p a r a l l e l   w i t h   t h e   o p t i c a l   a x i s   of  t he   l i g h t   b e a m  

r a d i a t e d   f rom  t h e   l i g h t   e m i t t e r   1;  6  -   a  f r o n t   w a l l   w i t h   a 

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

e m i t t e r   1  to   r e f l e c t   t he   l i g h t   a t   a  p r e d e t e r m i n e d   a n g l e   t o  

t h e   o p t i c a l   a x i s ;   7  -   a  r e a r   w a l l   w i t h   p l a n e   or  c u r v e d   s u r f a c e  

w h i c h   is   a r r a n g e d   in  t he   r e a r   of  t h e   l i g h t   e m i t t e r   1  to   r e f l e c t  

t h e   r e f l e c t e d   l i g h t   f r o m   s i d e   w a l l s   4,  5  a t   a  p r e d e t e r m i n e d  

a n g l e   so  t h a t   t h e   r e f l e c t e d   l i g h t   does   n o t   d i r e c t l y   i r r a d i a t e  

t h e   l i g h t   r e c e i v i n g   e l e m e n t   of  t h e   l i g h t   r e c e i v e r   2;  8,  9  -  

a  b o t t o m   w a l l   and  a  top   w a l l   w i t h   a p e r t u r e s   t h r o u g h   w h i c h   s m o k e  

can  f l o w   in  ( n o t   shown  on  t h e   d r a w i n g )   and  w h i c h   a r e   p r o v i d e d  

in  t h e   c e n t e r   of  t h e   b o t t o m   w a l l   8  and  n e a r   b o t h   ends   of  t h e  

t op   w a l l   9.  The  w a l l   s u r f a c e s   a r e   of  b l a c k   c o l o r   and  f i n i s h e d  

up  l i k e   a  m i r r o r .   F u r t h e r   in  t h e   f i g u r e s ,   s  -   a  s t a r t i n g   p o i n t  

of  t h e   l i g h t   beam;  a r r o w  -   a  p o i n t   w h e r e   t h e   l i g h t   b e a m  

r e a c h e s ;   b l a c k   d o t s  -   r e f l e c t i o n   p o i n t s   on  the   s i d e   w a l l   4 ;  

w h i t e   d o t s  -   r e f l e c t i o n   p o i n t s   on  t h e   s i d e   w a l l   5;  t r i a n g l e  

-  a  r e f l e c t i o n   p o i n t   on  t h e   top   w a l l   9 .  

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

of  t h e   d a r k   c h a m b e r   have  m i r r o r - l i k e   s u r f a c e s   w i t h   good  a b -  

s o r b a n c e .   In  t h i s   c a s e ,   f o r   e x a m p l e ,   t h e   c o n v e r g e n t   l i g h t   b e a m  



r a d i a t e d   f rom  t h e   l i g h t   e m i t t e r   1  i m p i n g e s   on  t h e   l e f t   s i d e  

s u r f a c e   of  t h e   f r o n t   w a l l   6  and   i s   a b s o r b e d   by  t h e   b l a c k   s u r -  

f a c e .   U n a b s o r b e d   l i g h t   i s   r e f l e c t e d   f rom  the   m i r r o r - l i k e   s u r -  

f a c e   n e a r l y   as  i t   i s ,   i . e .   in  t h e   form  of  c o n v e r g e n t   l i g h t  

beam  w i t h o u t   b e i n g   d i f f u s e d ,   and  f rom  t h e   l e f t   w a l l   4,  t h e  

r i g h t   and  l e f t   w a l l s   5,  4,  f u r t h e r   f rom  t he   t o p   w a l l   9,  t h e  

r i g h t   w a l l   5,  t h e   l e f t   w a l l   4,  t h e   l e f t   s i d e   of  t h e   r e a r   w a l l  

7,  and  t h e n   i m p i n g e s   on  t h e   o u t e r   w a l l   of  t h e   l i g h t   r e c e i v e r  

2.  As  can  be  s e e n   f rom  t h e   a b o v e   d e s c r i p t i o n ,   t he   d a r k   c h a m b e r  

a c t s   as  l i g h t   t r a p ,   w h e r e   t h e   l i g h t   r a d i a t e d   f rom  t h e   l i g h t  

e m i t t e r   1  i s   a b s o r b e d   by  t h e   b l a c k   s u r f a c e s   and  a t t e n u a t e d  

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

a  v e r y   weak  l i g h t .  

F u r t h e r   d e s c r i b i n g   t h e   i d e a   in  r e f e r e n c e   to  F i g .   2,  t h e   l i g h t  

r a d i a t e d   f r o m   t h e   l i g h t   e m i t t e r   1  i s   r e f l e c t e d   f rom  t h e   l e f t  

s i d e   of  t h e   f r o n t   w a l l   6,  t h e   l e f t   w a l l   4,  t h e   r i g h t ,   l e f t ,  

r i g h t   w a l l s ,   t h e   t o p - w a l l   9,  t h e   l e f t   w a l l   4,  t h e   r i g h t   w a l l  

5,  and  t h e   r i g h t   s i d e   of  t h e   r e a r   w a l l   7  and  t h e n   i m p i n g e s  

on  t h e   o u t e r   w a l l   of  t h e   l i g h t   r e c e i v e r   2.  In  F i g .   3,  t h e   l i g h t  

r a d i a t e d   f rom  t h e   l i g h t   e m i t t e r   1  i s   r e f l e c t e d   f rom  t h e   l e f t  

s i d e   of  t h e   f r o n t   w a l l   6,  t h e   l e f t   w a l l   4,  t h e   t o p   w a l l   9 ,  

t he   r i g h t ,   l e f t ,   r i g h t ,   l e f t   w a l l s   and  the   l e f t   of  t h e   r e a r  

w a l l   7,  and  t h e n   i m p i n g e s   on  t h e   o u t e r   w a l l   of  t h e   l i g h t   e m i t -  

t e r   1,  t h u s   b e i n g   a t t e n u a t e d   to   a  v e r y   weak  l i g h t .  

On  t h e   o t h e r   h a n d ,   i f   a  f i r e   b r e a k s   ou t   and  smoke  e n t e r s   t h e  

d a r k   c h a m b e r ,   s c a t t e r e d   l i g h t   i r r a d i a t e s   t he   l i g h t   r e c e i v i n g  

e l e m e n t   of  t h e   l i g h t   r e c e i v e r   2,  where   an  o u t p u t   to   g i v e   a  

f i r e   a l a r m   d e v e l o p s .   F i g .   4  shows   c h a r a c t e r i s t i c s   of  t h e   d a r k  

c h a m b e r ,   w i t h   S  r e p r e s e n t i n g   o u t p u t   of  t he   l i g h t   r e c e i v i n g  

e l e m e n t   when  a  p r e d e t e r m i n e d   d e n s i t y   of  smoke  f o r   d e c i s i o n  

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



t h e   l i g h t   r e c e i v i n g   e l e m e n t   in  n o r m a l   c o n d i t i o n ,   and  6  r e p -  

r e s e n t i n g   a n g l e s   of  t he   f r o n t   and  r e a r   w a l l s   6,  7.  A c c o r d i n g  

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

o b t a i n e d   a t   6  of  no t   more  t h a n   140°   and  n o t   l e s s   t h a n   2 1 0 ° .  

The  p h o t o e l e c t r i c   smoke  d e t e c t o r   a c c o r d i n g   to   t h e   p r e s e n t   i n -  

v e n t i o n   is   e q u i p p e d   w i t h   a  d a r k   c h a m b e r   of  t h e   a b o v e   c o m p o -  

s i t i o n   w h e r e b y   t h e   d a r k   c h a m b e r   i t s e l f   i s   c a p a b l e   of  p e r f o r m -  

ing   a  l i g h t   t r a p   f u n c t i o n .   More  s p e c i f i c a l l y ,   t h e   d a r k   c h a m b e r  

is   d e s i g n e d   in  s u c h   a  way  t h a t   t h e   l i g h t   beam  r a d i a t e d   by  t h e  

l i g h t   e m i t t e r   is  r e f l e c t e d   s e v e r a l   t i m e s   f rom  t h e   s i d e   w a l l s  

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

r e f l e c t e d   l i g h t   to   r e a c h   t h e   l i g h t   r e c e i v i n g   e l e m e n t   of  t h e  

l i g h t   r e c e i v e r ,   and  t h a t   r e f l e c t e d   l i g h t   r e a c h i n g   t he   l i g h t  

r e c e i v i n g   e l e m e n t   i f   any  i s   a t t e n u a t e d   to   a  v e r y   weak  o n e .  

T h e r e f o r e ,   t h i s   i d e a   has  s u c h   an  e f f e c t   t h a t   a  s m a l l - s i z e d  

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

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

i s   o b t a i n e d .  



1.  A  p h o t o e l e c t r i c   smoke  d e t e c t o r   e q u i p p e d   w i t h   a  l i g h t   e m i t -  

t e r   (1)  w h i c h   r a d i a t e s   l i g h t   i n t o   a  m e a s u r i n g   s p a c e   a n d  

a  l i g h t   r e c e i v e r   (2)  w h i c h   d e t e c t s   s c a t t e r e d   l i g h t   c a u s e d  

by  e n t r y   of  smoke  i n t o   t h e   m e a s u r i n g   s p a c e ,   c h a r a c t e r i z e d  

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

at   l e a s t   c o m p r i s e s   a  f r o n t   w a l l   (6)  w i t h   a  p l a n e   or  c u r v e d  

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

(1)  so  t h a t   t he   l i g h t   f rom  t h e   l i g h t   e m i t t e r   (1)  i s   r e -  

f l e c t e d   at   a  p r e d e t e r m i n e d   a n g l e   to   t he   o p t i c a l   a x i s ,   a n d  

s i d e   w a l l s   (4,  5)  w h i c h   a r e   a r r a n g e d   n e a r l y   in  p a r a l l e l  

w i t h   t h e   o p t i c a l   a x i s .  

2.  A  p h o t o e l e c t r i c   smoke  d e t e c t o r   as  d e f i n e d   in  c l a i m   1 ,  

c h a r a c t e r i z e d   in  t h a t   t h e   d a r k   c h a m b e r   w h i c h   f o r m s   t h e  

m e a s u r i n g   s p a c e   i s   c o m p o s e d   of  s a i d   f r o n t   w a l l   (16)   a n d  

a  r e a r   w a l l   ( 7 )  * w i t h   a  p l a n e   or   c u r v e d   s u r f a c e   w h i c h   i s  

a r r a n g e d   in  t h e   r e a r   of  t h e   l i g h t   e m i t t e r   (1)  and  r e f l e c t s  

t h e   r e f l e c t e d   l i g h t   f r o m   t h e   s i d e   w a l l s   (4,  5)  a t   s u c h  

an  a n g l e   t h a t   t h e   r e f l e c t e d   l i g h t   d o e s   no t   d i r e c t l y   i r r a d i -  

a t e   t h e   l i g h t   r e c e i v e r   ( 2 ) .  

3.  A  p h o t o e l e c t r i c   smoke  d e t e c t o r   i s   d e f i n e d   in  c l a i m   2 ,  

c h a r a c t e r i z e d   in  t h a t   t h e   w a l l s   (4,   5,  6,  7,  8,  9)  of  t h e  

d a r k   c h a m b e r   w h i c h   f o r m s   t h e   m e a s u r i n g   s p a c e   have   m i r r o r -  

l i k e   s u r f a c e s   w i t h   good   a b s o r b a n c e .  
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