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©  Photoelectric  smoke  detector  equipped  with  smoke  detecting  function  test  means. 

@  This  invention  relates  to  a  photoelectric  smoke  detector 
which  is  capable  of  readily  and  precisely  checking  by  itself 
whether  light  intensity  reaching  the  smoke  detector  is  within 
the  normal  level  at  which  no  false  alarm,  alarm  failure  nor 
delayed  alarm  is  caused  on  the  basis  of  the  signal  sent  from  a 
control  panel  through  the  lines  connecting  between  the 
smoke  detector  and  the  control  panel,  and  of  reporting  the 
result  to  the  control  panel  through  the  same  lines.  ^  
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It  has  been  known  that  the  ope ra t i ng   t e s t   of  the  smoke  d e t e c t o r   which 

d e t e c t s   p re sence   of  smoke  by  s c a t t e r i n g   of  l i gh t   caused  by  e n t r y  

of  smoke  in to   the  l i gh t   from  the  l i gh t   emi t t ing   element  and  f a l l i n g  

onto  the  l i g h t   r e ce iv ing   element  is  ca r r i ed   out  by  i n c r e a s i n g ,   from 



the  con t ro l   panel ,   the  output   of  the  l i g h t   e m i t t i n g   element  t o  

i nc rea se   the  ou tpu t   of  the  l i g h t   r e c e i v i n g   element  with  t h e - n o i s e  

l i g h t   s c a t t e r e d   in  a l l   d i r e c t i o n s   on  the  wal l   s u r f a c e s   in  the  l a b y r i n t h .  

N e v e r t h e l e s s ,   none  of  the  p h o t o e l e c t r i c   smoke  d e t e c t o r s   of  t h i s  

kind  has  ever  had  such  a  p r o v i s i o n   for  checking ,   by  remote  o p e r a t i o n  

from  the  con t ro l   pane l ,   the  impor tan t   f u n c t i o n   the  d e t e c t o r ,   i . e .  

whether  the  ou tpu t   of  the  l i g h t   r e c e i v i n g   element  of  the  d e t e c t o r  

is  w i th in   the  normal   l e v e l   range  which  c a u s e s  n o   f a l s e   alarm,  a l a r m  

f a i l u r e   nor  delayed  a l a r m .  

The  purpose  of  t h i s   i n v e n t i o n   is  to  o b t a i n   a  p h o t o e l e c t r i c   smoke 

d e t e c t o r   equipped  with  a  smoke  d e t e c t i n g   f u n c t i o n   t e s t   means  w h i c h ,  

upon  r e c e i p t   of  a  s i g n a l   sent  from  a  c o n t r o l   panel  through  l i n e s  

connec t ing   the  smoke  d e t e c t o r   with  the  c o n t r o l   panel ,   is  c a p a b l e  

of  a u t o m a t i c a l l y ,   r e a d i l y   and  p r e c i s e l y   checking  whether  the  o u t p u t  
of  the  l i gh t   r e c e i v i n g   element  in  the  smoke  d e t e c t o r   is  w i th in   t h e  

normal  l eve l   range,   and  of  r e p o r t i n g   to  the  con t ro l   panel  on  t h e  

r e s u l t   of  the  check  through  the  same  l i n e s .   This  i n v e n t i o n   is  d e s c r i b e d  

below  with  r e f e r e n c e   to  embodiments  shown  with  f i g u r e s .  

Figure  1  is  a  c i r c u i t   diagram  of  an  embodiment  accord ing   to  the  p r e s e n t  

i nven t ion   r e l a t i n g   to  the  l i gh t   s c a t t e r i n g   type  smoke  d e t e c t o r   which  

d e t e c t s   presence  of  smoke  by  s c a t t e r e d   l i g h t .   Figure  2  is  a  c i r c u i t  

diagram  of  a  c o n t r o l   panel   used  for  th i s   embodiment .  

Shown  in  Figure  1  are  as  fo l lows:   Two  l i n e s   11,  12  which  c o n n e c t  

the  l i g h t   s c a t t e r i n g   type  smoke  d e t e c t o r   shown  in  the  F igure   w i t h  

the  con t ro l   panel   shown  in  Figure  2.  Conductors   a,  b  connected  w i t h  

the  l i nes   11,  12  through  a  vo l t age   s t a b i l i z i n g   c i r c u i t   CV.  A  p u l s e  

o s c i l l a t o r   P01  for  s y n c h r o n i z e d   s i g n a l   connected  between  the  c o n d u c t o r s  

a,  b.  A  l i g h t   e m i t t i n g   pa r t   1  which  comprises   a  l i g h t   e m i t t i n g  

element  LE  such  as  l i g h t   emi t t i ng   diode,   and  a  dr ive   c i r c u i t   PD 

connected  between  the  conduc tors   a,  b.  A  l i g h t   r e c e i v i n g   p a r t  2  

compris ing  a  l i g h t   r e c e i v i n g   element  SB  such  as  so la r   ce l l   which  

r e c e i v e s   l i g h t   emi t t ed   by  the  l i g h t   e m i t t i n g   element  LE  and  s c a t t e r e d  

by  smoke,  and  an  a m p l i f i e r   AM  to  ampli fy   the  output   of  the  l i g h t  

r e c e i v i n g   element  SB.  A  comparison  pa r t   3  which  comprises  a  c o m p a r a t o r  

CM  with  i t s  -   t e r m i n a l   on  the  input   s ide  connected  with  the  v o l t a g e  

as  o p e r a t i n g   l eve l   at  the  j u n c t i o n   of  r e s i s t o r s   r i ,   r2  of  t h o s e  



r e s i s t o r s   r1,  r2,  r3,  r4  connected  i n  s e r i e s   between  the  c o n d u c t o r s  

a,  b,  and  i t s   +  t e r m i n a l   on  the  input   s i d e   connected  with  the  o u t p u t  

of  the  a m p l i f i e r   AM  of  the  l i g h t   emi t t i ng   p a r t  2 .   The  r e s i s t o r s   r 1 ,  

r2,  r3,  r4  are  provided  to  determine  a  f i r e   l eve l ,   an  upper  l e v e l  

of  the  normal  l e v e l   range  as  a  t h re sho ld   l eve l   at  which  a  f a l s e   a l a r m  

is  l i k e l y   to  be  produced,   and  a  lower  l eve l   of  the  normal  l eve l   r a n g e  

as  a  t h r e s h o l d   l e v e l   at  which  alarm  f a i l u r e   or  delayed  alarm  is  l i k e l y  

to  occur .   A  f i r e   d i s c r i m i n a t i n g   p a r t  4   which  .comprises  an  AND  g a t e  

A1  and  a  l a t c h   Lt1  formed  by  NOR  gates  NR1,  NR2.  The  AND  gate  A1 

r ece ives   ou tpu t s   of  the  pulse  o s c i l l a t o r   PO1  for  synchronized  s i g n a l ,  

the  comparator   CM  in  the  c o m p a r i s o n  p a r t  3   and  a  NOT  gate  N3  to  t h e  

input  t e rmina l   of  which  Q  output  of  a  monostable   m u l t i v i b r a t o r   MM2 

in  a  t imer  c i r c u i t  9   descr ibed   h e r e a f t e r   is  app l i ed .   The  l a t ch   Lt1  

is  set  by  ou tput   of  the  AND  gate  A1  and  c l ea red   by  output  of  the  NOT 

gate  N2  in  a  r e s e t   s igna l   genera t ing   c i r c u i t  8   which  is  d e s c r i b e d  

h e r e a f t e r .   A  s i g n a l   gene ra t ing   c i r c u i t  5   which  comprises  a  p u l s e  

o s c i l l a t o r   PO2  and  NAND  gates  NA1,  NAz.  The  pulse  o s c i l l a t o r   PO2 

is  connected  between  the  conductors  a,  b  and  genera tes   pulse  o u t p u t s  

with  low  f requency  f1  and  high  frequency  f2.  The  NAND  gate  NA1 

r e c e i v e s   the  pu l se   output   with  frequency  f1  and  the  output  of  t h e  

f l i p - f l o p   c i r c u i t   FF2  in  a  smoke  d e t e c t i n g   func t ion   d i s c r i m i n a t i n g  

c i r c u i t   11  de sc r ibed   h e r e a f t e r .   The  NAND  gate  NA2  rece ives   t h e  

pulse  output  with  frequency  f2  and  the  output   of  the  gate  NA1. 

A  s igna l   t r a n s m i s s i o n   c i r c u i t  6   which  comprises  NOR  gates  NR8,  NR9 

and  a  s e r i e s   c i r c u i t   connected  between  the  l i n e s   11,  12,  and  s e n d s  

out  the  pulse   s i g n a l   with  frequency  f1,  or  f2  to  the  l ines   11,  12 

by  c o n t r o l l i n g   the  conduct ion  of  a  t r a n s i s t o r   T3  with  output  of  t h e  

gate  NR9.  The  NOR  gate  NR8  rece ives   ou tputs   developed  when  the  f i r e  

d i s c r i m i n a t i n g   p a r t  4   has  de tec ted   a  f i r e   and  of  a  l a t ch   Lt3  formed 

by  NOR  gates  NR6,  NR7  in  the  smoke  d e t e c t i n g   func t ion   d i s c r i m i n a t i n g  

c i r c u i t   11.  The  NOR  gate  NR9  rece ives   ou tpu ts   of  the  NOR  gate  NR8 

and  the  NAND  gate  NAz  in  the  s ignal   gene ra t i ng   c i r c u i t  5 .   The  s e r i e s  

c i r c u i t   is  formed  by  a  diode  D1,  r e s i s t o r   r5  and  a  t r a n s i s t o r   T3 

with  a  r e s i s t o r   r6  connected  between  the  base  and  emi t t e r .   An  a d d i t i o n a l  

c i r c u i t   shown  with  dotted  l ines   in  the  s igna l   gene ra t ing   c i r c u i t  6  

is  provided  for  i d e n t i f y i n g   an  alarming  d e t e c t o r   at  the  con t ro l   p a n e l  

in  case  p l u r a l   d e t e c t o r s   are  connected  in  p a r a l l e l   between  the  same 



l i n e s   11,  12.  An  o s c i l l a t o r   PO5  g e n e r a t i n g   pulses   which  vary  w i t h  

each  d e t e c t o r   and  have  far   h igher   f r e q u e n c i e s   than  f1,  f2  is  c o n n e c t e d  

between  the  conductors   a,  b.  A  t r a n s i s t o r   T5  is  connected  b e t w e e n  

the  diode  D1  and  the  r e s i s t o r   r5.  R e s i s t o r s   r18  and  r19  are  c o n n e c t e d  

between  the  conductor   a  and  the  base  of  the  t r a n s i s t o r   T5,  and  b e t w e e n  

the  base  of  the  t r a n s i s t o r   T3  and  the  c o l l e c t o r   of  the  t r a n s i s t o r  

T3  r e s p e c t i v e l y .   A  c a p a c i t o r   C6  is  connected   between  the  o s c i l l a t o r  

P03  and  the  base  of  the  t r a n s i s t o r   T5.  With.  the  pulse  s igna l   f rom 

the  o s c i l l a t o r   P03,  each  pulse   of  the  pulse   s i g n a l s   with  f r e q u e n c i e s  

f1,  f2  sent  from  each  d e t e c t o r   to  the  l i ne s   11,  12  is  m o d u l a t e d .  

A  s i gna l   r e c e i v i n g   c i r c u i t  7   which  r e c e i v e s   a  s i ng l e   pu lse   s i g n a l  

with  narrow  width  for  t e s t   s t a r t   and  a  s i n g l e   pulse  s i gna l   with  w i d e  

width  for  r e s e t t i n g   which  are  sent   out  from  the  con t ro l   panel  shown 

in  Figure  2.  The  s i g n a l   r e c e i v i n g   c i r c u i t   7  is  formed  by  r e s i s t o r s  

r7,  r3  and  a  c a p a c i t o r   C2  which  are  connected  in  s e r i e s   between  t h e  

conductors   a,  b;  an  output   l i n e   d  which  is  led  from  the  j u n c t i o n  

between  the  r e s i s t o r   r8  and  the  c a p a c i t o r   C2  to  a  r e s e t   s igna l   g e n e r a t i n g  

c i r c u i t   8  and  a  t imer   c i r c u i t   9  d e s c r i b e d   h e r e a f t e r ;   and  a  t r a n s i s t o r  

T4,  conduct ion  of  which  is  c o n t r o l l e d   by  v o l t a g e   at  the  j u n c t i o n   of  t h e  

r e s i s t o r s   r9,  rio  connected  in  s e r i e s   between  the  l i n e s   11,  12  and 

which  shor t s   the  s e r i e s   c i r c u i t   of  the  r e s i s t o r   r8  and  the  c a p a c i t o r  

C2  when  became  c o n d u c t i v e .   The  r e se t   s i g n a l   g e n e r a t i n g   c i r c u i t   8 

confirms  r e c e i p t   of  the  r e se t   s igna l   from  the  con t ro l   panel  and  t r a n s m i t s  

the  rese t   s igna l   to  the  d e t e c t o r .   The  r e s e t   s i gna l   g e n e r a t i n g   c i r c u i t  

8  i s   equipped  with  a  c a p a c i t o r   C3  which  is  charged  With   output  o f  

the  s i g n a l   r e c e i v i n g   c i r c u i t  7   through  a  NOT  gate  N1  and  a  r e s i s t o r  

r l l ,   and  produces  the  r e s e t   s i g n a l   with  the  v o l t a g e   of  the  c a p a c i t o r  

C3  through  the  r e s i s t o r   r12  and  NOT  gate  N2.  The  t imer  c i r c u i t  9  

ope ra t e s   when  the  s i g n a l   r e c e i v i n g   c i r c u i t  7   has  r ece ived   the  t e s t  

s t a r t   s igna l   from  the  c o n t r o l   panel ,   and  comprises  a  l a t c h   Lt2,  r e s i s t o r s  

r13,  r14,  a  c a p a c i t o r   C4,  monostable   m u l t i v i b r a t o r s   MM1,  MM2  and 

AND  gates  A2,  A3.  The  l a t c h   Lt2  is  formed  by  NOR  gates  NR3,  NR4 

which  are  set  by  ou tpu t   of  the  s igna l   r e c e i v i n g   c i r c u i t   7.  The  o u t p u t  

of  the  l a tch   Lt2  is  sent   to  the  monostable   m u l t i v i b l a t o r s   MM1,  MM2 

having  a  short   and  long  o p e r a t i n g   time  r e s p e c t i v e l y   through  the  d e l a y  

c i r c u i t   formed  by  the  r e s i s t o r   r13,  c a p a c i t o r   C4  and  r e s i s t o r   r14  

to  prevent   the  t imer  c i r c u i t  9   from  o p e r a t i n g   with  the  output   of  t h e  



l a t c h  L t 2   when  the  s i gna l   r e c e i v i n g   c i r c u i t   7  has  r e c e i v e d   the  r e s e t  

s i g n a l   from  the  c o n t r o l   p a n e l .   The  output   of  the  monos tab le   m u l t i -  

v i b r a t o r s   MM1,  MM2  are  a p p l i e d   to  the  input   t e rmina l s   of  the  AND 

gates  A2,  A3.  An  o p e r a t i n g   l eve l   changeover  c i r c u i t   10  which  changes  

over  the  o p e r a t i n g   l eve l   of  the  comparator  CM  in  the  comparison  p a r t  

3,  and  o p e r a t e s   as  fo l lows .   With  the  output   of  the  AND  gate   A2  in  t h e  

timer  c i r c u i t  9   t r a n s m i t t e d   through  a  diode  D2  and  a  r e s i s t o r   r 1 5 ,  

the  t r a n s i s t o r   T1  becomes  conduc t ive   and  shor t s   the  s e r i e s   c i r c u i t  

formed  by  r e s i s t o r s   r3,  r4.  With  the  output   of  the  AND  gate  As  t r a n s -  

mi t t ed   through  a  diode  D3  and  a  r e s i s t o r   r16,  the  t r a n s i s t o r   Tz  becomes 

c o n d u c t i v e   and  sho r t s   the  r e s i s t o r   r4  a lone.   Thus,  the  v o l t a g e   a p p l i e d  

as  o p e r a t i n g   l eve l   to  t h e  -   t e rmina l   on  the  input  of  the  c o m p a r a t o r  

CM  in  the  comparison  p a r t  3   becomes  the  f i r e   level   of  the  l i g h t   s c a t t e r i n g  

type  smoke  d e t e c t o r   while  the  both  t r a n s i s t o r s   T1,  T2  are  not  c o n d u c t i n g .  

As  the  t r a n s i s t o r   T1  become  conduc t ive ,   the  vol tage   becomes  the  lower  

l im i t   of  the  normal  l eve l   range  as  a  t h re sho ld   l eve l   o f  t h e   d e t e c t o r  

at  which  alarm  f a i l u r e   or  delayed  alarm  is  l i k e l y   to  occur .   As  t h e  

t r a n s i s t o r   T2  becomes  conduc t ive ,   the  vo l t age   becomes  the  upper  l e v e l  

of  the  normal  l eve l   range  as  a  t h r e sho ld   l eve l   of  the  d e t e c t o r   a t  

which  a  f a l s e   alarm  is  l i k e l y   to  be  produced.  A  smoke  d e t e c t i n g   f u n c t i o n  

d i s c r i m i n a t i n g   c i r c u i t   11  which  comprises  AND  gates  A4,  As,  OR  g a t e  

R1,  R -  S  f l i p - f l o p   c i r c u i t   FF1,  D-type  (delayed)  f l i p - f l o p   c i r c u i t  

FF2,  r e s i s t o r s   r17,  r18,  c a p a c i t o r   C5,  NOT  gate  N4,  NOR  gate  NR5 

and  l a t c h   Lt3  formed  by  NOR  gates  NR6,  NR7.'  The  AND  gates   A4,  As 

are  connected  with  the  ou tpu ts   of  the  pulse  o s c i l l a t o r   PO1  for  s y n c h r o -  

nized  s i g n a l ,   the  comparator   CM  in  the  comparison  p a r t  3   and  AND 

gates  A2,  A3  in  the  timer  c i r c u i t   9.  The  R -  S  f l i p - f l o p   c i r c u i t   FF1 

r e c e i v e s   the  output   of  the  AND  gate  A4  as  set  input   and  the  o u t p u t  

of  the  OR  gate  R1  as  r e se t   input   which  is  connected  with  the  o u t p u t s  

of  the  AND  gate  As  and  the  r e s e t   s igna l   genera t ing   c i r c u i t  8 .   The 

D  type  f l i p - f l o p   c i r c u i t   FF2  r e c e i v e s   Q  output   of  the  f l i p - f l o p   c i r c u i t  

FF1  as  D  input ,   the  clock  s i gna l   as  CP  input  genera ted   by  the  NOR 

gate NRs  and  the  output   of  the  c i r c u i t  8   as  rese t   input .   The  NOR 

gate  NRs  serving  as  clock  s igna l   gene ra to r   is  connected  with  the  Q 

output   of  the  monostable  m u l t i v i b r a t o r   MM2  in  the  t imer  c i r c u i t  9  

and  the  output   of  the  NOT  gate  N4  to  which  the  vo l t age   of  the  c a p a c i t o r  

Cs  charged  with  the  Q  output  through  the  r e s i s t o r   r17  is  app l i ed   t h rough  



the  r e s i s t o r   r18.  The  l a t c h   Lt3  formed  by  the  NOR  ga tes   NR6,  NR7 

r ece ives   the  ou tpu t   of  the  NOR  gate  NR5  as  set  input   and  is  c l e a r e d  

by  output   of  the  r e s e t   s i gna l   g e n e r a t i n g   c i r c u i t   8 .  

Shown  in  F igure   2  are ;   a  d.c.   power  supply  E;  a  d e t e c t i n g   c i r c u i t   M 

for  abnormal  s i g n a l   with  f requency  f2  i n c l u d i n g   a  f i r e   s i g n a l ;   a  

d e t e c t i n g   c i r c u i t   N  for  normal  s i g n a l   with  f requency  f l ;   a  r e l a y  

X  which  o p e r a t e s   when  a  t e s t   s t a r t   switch  SW1  has  c losed ;   a  r e l a y  

Y  which  o p e r a t e s   when  a  r e s e t   switch  SW2  has  c losed;   a  t e s t   s t a r t  

s i gna l   g e n e r a t o r   TS  which  ope ra t e s   when  the  con tac t   x1  of  the  r e l a y  

X  has  c losed;   a  r e s e t   s i gna l   g e n e r a t o r   RS  which  o p e r a t e s   when  t h e  

contac t   y1  of  the  r e l a y   Y  has  c losed ;   a  f i r e   i n d i c a t o r   lamp  La1  wh ich  

is  l i t   through  the  break  con tac t   x4  of  the  r e l ay   X  and  the  make  c o n t a c t  

m1  of  the  r e l a y   M;  an  abnormal  i n d i c a t o r   lamp  La2  which  is  l i t   t h r o u g h  

the  make  c o n t a c t   xs  of  the  re lay  X  and  the  make  con t ac t   m2  of  t h e  

re lay   M;  a  normal  i n d i c a t o r   lamp  La3  which  is  l i t   through  the  make 

contac t   x3  of  the  r e l ay   X  and  the  make  c o n t a c t   n1  of  the  r e l ay   N; 

a  timer  T  which  s t a r t s   o p e r a t i n g   when  the  con tac t   x5  of  the  r e l ay   X 

has  c losed;   and  a  t r o u b l e   i n d i c a t o r   lamp  La4  which  is  ope ra t ed   t h r o u g h  

the  make  c o n t a c t   t  of  the  t imer  T  and  the  break  c o n t a c t s   m3,  n2  of  t h e  

r e l ays   M,  N  to  i n d i c a t e   a c c i d e n t s   such  as  t r o u b l e   in  the  d e t e c t o r   l i n e s  

or  i n t e r r u p t i o n   of  the  l i n e s   11,  12 .  

F i r s t l y ,   o p e r a t i o n   of  each  part  of  th is   embodiment  during  the  no rma l  

s u p e r v i s o r y   c o n d i t i o n   and  in  case  of  f i r e   is  desc r ibed   with  r e f e r e n c e  

to  the  time  c h a r t s   shown  in  Figure  3  (A).  Shown  in  F igure   3  (A) 

are  smoke  d e n s i t y   (1),  vo l t age   (2)  on  the  l i n e s   11,  12.  During  t h e  

normal  s u p e r v i s o r y   c o n d i t i o n   wi thout   smoke,  the  vo l t age   on  the  l i n e s  

11,  12  is  E volts as shown  in  the  l e f t   pa r t   of  Figure   (1)  while   the  v o l t a g e  

on  the  ou tput   l i n e   d  of  the  s igna l   r e c e i v i n g   c i r c u i t   7  is  at  L  l e v e l  

as  shown  at  the  l e f t   par t   of  Figure  (3)  because   the  t r a n s i s t o r   T4 

is  conduc t ing .   Consequen t ly ,   in  the  r e s e t   s i gna l   g e n e r a t i n g   c i r c u i t  

8,  the  ou tput   of  the  NOT  gate  N1  becomes  H  l e v e l .   With  th i s   o u t p u t  

the  c a p a c i t o r   C3  is  charged,   and  the  ou tpu t   of  the  NOT  gate  N2  becomes 

L  l e v e l ,   thus  no  r e s e t   s igna l   is  g e n e r a t e d   as  shown  at  the  l e f t   p a r t  

of  Figure  (4).   In  the  t imer  c i r c u i t  9 ,   the  l a t ch   Lt2  formed  by  t h e  

NOR  gates  NR3,  NR4  has  the  input  of  L  l e v e l ,   and  a c c o r d i n g l y   i t s   o u t p u t ,  

too,  is  at  L  l e v e l   as  shown  in  the  l e f t   pa r t   of  Figure  (5),  thus  no 



clock  s i g n a l   i s   g e n e r a t e d .   As  shown in  F i g u r e s   (6),  (7),  the   Q  o u t p u t s  

of  the  monostable   m u l t i v i b r a t o r s   MM1,  MM2  are  at  L  l e v e l ,   the  Q  o u t p u t  
of  t he   former  MM1  i s   a t   H  l e v e l ,   and  the  o u t p u t s   of  the  AND  gates  A2, 

A3  are  at  L  l eve l .   T h e r e f o r e ,   the  t r a n s i s t o r s   T1,  T2  in  the  o p e r a t i n g  

l eve l   changeover  c i r c u i t   10  do  not  swi tch  on,  and  as  shown  with  t h e  

do t t ed   l i n e   i n  F i g u r e   (11)  the  o p e r a t i n g   l e v e l   of  the  c o m p a r a t o r  

CM  in  the  comparison  par t   3  is  at  f i r e   l eve l   L3  which  is  d e t e r m i n e d  

by  d iv id ing   r a t i o   of  the  r e s i s t a n c e   va lues   of  the  r e s i s t o r s   r1  a r e  

r2+r3+r4 .   The  l i g h t   e m i t t i n g   element  LE  emits  l i gh t   through  the  d r i v i n g  

c i r c u i t   PD  in  the  l i g h t   e m i t t i n g   p a r t  1   each  time  the  pulse  o s c i l l a t o r  

PO1  gene ra t e s   the  s y n c h r o n i z i n g   s igna l   as  shown  in  Figure  ( 1 0 ) .  

With  the  s c a t t e r e d   l i g h t   from  the  inner  wall   of  the  l a b y r i n t h   the  o u t p u t  

a m p l i f i e r   AM  of  the  l i g h t   r e c e i v i n g   element  SB  in  the  l i gh t   r e c e i v i n g  

p a r t  2   gives  off  an  output   as  shown  in  F igure   (11).  N e v e r t h e l e s s ,  

s ince   th is   output   is  below  the  f i r e   l eve l   L3  under  the  condi t ion   w i t h o u t  

smoke,  the  comparator   CM  in  the  comparison  p a r t  3   has  no  output  a s  

shown  in  the  l e f t   pa r t   of  Figure  ( 1 2 ) .   In  the  f i r e   d i s c r i m i n a t i n g  

par t   4  the   output   of  the  NOT  gate  N3  is  at  H  l eve l   because  the  Q  o u t p u t  
of  the  monostable  m u l t i v i b r a t o r   MM2  in  the  t imer  c i r c u i t   9  i s  a t   L 

l e v e l .   However,  s ince   the  output  of  the  comparator   CM  is  at  L  l e v e l ,  

t h e  o u t p u t   of  the  AND  gate  A1  becomes  L  l e v e l ,   and  accord ing ly   t h e  

input   of  the  l a tch   Lt1  formed  by  NOR  gates  NR1,  NR2  and  the  o u t p u t  

of  the  NOR  gate  NR2  are  at  L  level   as  shown  in  the  l e f t   part  of  F i g u r e  

(13).  In  the  smoke  d e t e c t i n g   func t ion   d i s c r i m i n a t i n g   c i r c u i t   11 

the  output   of  the  comparator   CM  in  the  comparison  par t   3  being  a t  

L  l eve l ,   the  outputs   of  the  AND  gates  A4,  As  are  at  L  l eve l .   A c c o r d i n g l y  

t h e  o u t p u t   o f  t h e   OR  gate  R1  is  at  L  l eve l   and  the  Q  output  of  the  R -  S 

f l i p - f l o p   c i r c u i t   FF1  is  at  L  l eve l   as  shown  in  Figure  (14).  The 

Q  output  of  the  monostable   m u l t i v i b r a t o r   MM2  in  the  time  c i r c u i t  9  

is  at  L  l eve l   while  the  output   of  the  NOT  gate  N4  is  at  H  l e v e l .  

Accord ingly ,   the  ou tpu t s   of  the  NOR  gate  NR5  se rv ing   as  clock  s i g n a l  

gene ra to r ,   the  Q  output   of  the  D-type  f l i p - f l o p   c i r c u i t   FF2  and  t h e  

output   of  the  l a tch   Lt3  formed  by  NOR  gate  NR6,  NR7  are  at  L  l e v e l  

as  shown  in  Figure  (16),  (15)  and  (17)  r e s p e c t i v e l y .   Therefore ,   i n  

the  s igna l   g e n e r a t i n g   c i r c u i t  5   the  p u l s e  o s c i l l a t o r   P02  p roduces  

pulses   with  f r equenc i e s   f1  and  f2  shown  in  Figure   (18)  and  (19)  r e -  

s p e c t i v e l y .   With  the  pulse  having  f requency  f1  and  the  Q  output  o f  



the  c i r c u i t  F F 2   being  at  L  l e v e l ,   the  ou tpu t   of  the  NAND  gate  NA1 

becomes  cont inuous   H  l e v e l .   With  the  pu l se   s i g n a l   having  f r e q u e n c y  

f2  and  the  con t inued   H  l e v e l   ou tput   of  the  NAND  gate  NA1,  the  NAND 

gate  NA2  g e n e r a t e s   a  pu l se   s i gna l   with  a  phase  o p p o s i t e   to  tha t   of  t h e  

pulse   s i g n a l   having  f requency   f2  from  the  pu l se   o s c i l l a t o r   P02  a s  

shown  in  Figure  (20).   Since  the  ou tpu t   of  the  NOR  gate  NR5  in  the  s i g n a l  

t r a n s m i s s i o n   c i r c u i t  6   is  at  H  l e v e l ,   the  ou tpu t   of  the  NOR  g a t e  

NR9  is  at  L  l e v e l   as  shown  in  the  l e f t   p a r t   of  F igure   (21),  c o n s e q u e n t l y  

the  t r a n s i s t o r   T3  does  not  become  c o n d u c t i v e ,   and  no  output   a p p e a r s  

on  the  l ines   11,  12  as  shown  in  the  l e f t   pa r t   of  F igure   ( 2 ) .  

When  smoke  g e n e r a t e d   by  f i r e   en t e r s   the  l a b y r i n t h   and  i t s   d e n s i t y  

exceeds  the  f i r e   l e v e l   L3  as  shown  in  the  middle  par t   of  Figure  ( 1 ) ,  

the  a m p l i f i e r   AM  for  the  l i g h t   r e c e i v i n g   element  SB  gene ra t e s   a  p u l s e  

s i g n a l s   exceeding  the  f i r e   l eve l   L3  as  shown  in  Figure   (11),  and  t h e  

comparator   CM  g e n e r a t e s   a  c o r r e s p o n d i n g   pu l se   s i g n a l   as  shown  in  F i g u r e  

(12)  at  the  time  of  l i g h t   emiss ion  from  the  l i g h t   emi t t ing   element  LE. 

With  th i s   pulse   s i g n a l ,   the  s y n c h r o n i z i n g   s i g n a l   gene ra t ed   by  o s c i l l a t o r  

PO1  as  shown  in  F igure   (10)  and  the  H  l e v e l   ou tpu t   of  the  NOT  g a t e  

N3,  the AND  gate  A1  g e n e r a t e s   a  pu l se   s i g n a l   co r r e spond ing   to  the  o u t p u t  
of  the  comparator   CM.  This  pulse  s i g n a l   se t s   the  output   of  the  l a t c h  

Lt2  formed  by  NOR  ga tes   NR1,  NR2  as  shown  in  Figure   (13),  and  t h e  

NOR  gate  NR2  g e n e r a t e s   a  f i r e   d e t e c t i n g   ou tpu t .   With  the  f i r e   d e t e c t i n g  

output   from  the  NOR  gate  NR1,  the  output   of  the  NOR  gate  NRe  in  t h e  

s igna l   t r a n s m i s s i o n   c i r c u i t  6   becomes  L  l e v e l .   With  t h i s   L  l e v e l  

output   and  the  pu l se   s i g n a l   of  f r equency   f2  from  the  NAND  gate  N2 

in  the  s i gna l   g e n e r a t i n g   c i r c u i t  5   as  shown  in  Figure  (20),  the  NOR 

gate  NR9  g e n e r a t e s   a  pu l se   s igna l   with  f r equency   f2  as  shown  in  F i g u r e  

(21)  and  sends  an  abnormal  s igna l   with  f requency   f2  as  f i r e   s i g n a l  

as  shown  in  F igure   (2)  to  the  l i n e s   11,  12  through  the  t r a n s i s t o r   T3.  

As  the  abnormal  s i g n a l   d e t e c t i n g   c i r c u i t   M  in  the  c o n t r o l   panel  shown 

in  Figure  2  d e t e c t s   the  f i r e  s i g n a l ,   t h e  c o n t a c t   m1  c loses   and  t h e  

f i r e   i n d i c a t o r   lamp  Lal  l i g h t s .   In  order   to  r e s e t   the  alarming  d e t e c t o r  

the  r e se t   swi tch  SW2  on  the  con t ro l   panel  is  c losed  to  opera te   t h e  

r e l ay   Y.  Then,  the  c o n t a c t   y1  c loses   to  o p e r a t e   the  r e s e t   s i g n a l  

g e n e r a t o r   RS,  which  sends  out  the  r e s e t   s i g n a l   as  shown  with  the  symbol  

P2  in  F igure   (2)  to  the  l i n e s   11,  12.  With  the  s igna l   P2  the  t r a n s i s t o r  

T4  in  the  s i g n a l   r e c e i v i n g   c i r c u i t  7   in  the  d e t e c t o r   s tops  c o n d u c t i n g ,  



and  the  s igna l   P2  as  shown  in  Figure  3  (3)  is  genera ted   in  the  o u t p u t  

l i n e   d  in  the  c i r c u i t   7,  As  a  r e s u l t   of  t h i s ,   the  output   of  t h e  

NOT  gate N1  in  the  r e s e t   s igna l   genera t ing   c i r c u i t  8   becomes  L  l e v e l ,  

and  the  charge  on  the  c a p a c i t o r   C3  is  r e l e a s e d   through  the  NOT  g a t e  

N1.  When  the  input  of  the  NOT  gate  N2  becomes  L  l e v e l ,   the  NOT 

gate  N2  gene ra te s   the  c l ea r   s igna l   c  as  shown  in  Figure  (4).  On 

the  other  hand,  if  the  output   P2  of  the  c i r c u i t   7  is  rece ived   by  t h e  

input  te rminal   of  the  l a t ch   Lt2 formed  by  NOR  gates  NR3,  NR4  in  t h e  

timer  c i r c u i t  9   before   the  NOT  gate  N2  g e n e r a t e s   the  c l ea r   s i g n a l ,  

the  l a tch   Lt2  is  set  and  the  NOR  gate  NR4  gives  an  output   at  H  l e v e l  

as  shown  in  Figure  (5).  With  the  output  of  the  NOR  gate  NR4  t h e  

c a p a c i t o r   C4  is  charged  as  shown  with  the  dot ted   l ine   in  F i g u r e  

(5)  through  the  r e s i s t o r   r13.  Since  the  c i r c u i t  8   gene ra t e s   t h e  

c lear   s igna l   c  as  shown  in  Figure  (4)  be fore   the  c a p a c i t o r   v o l t a g e  

reaches  such  a  level   as  may  be  judged  as  a  clock  s i g n a l ,   the  s e t t i n g  

of  the  l a tch   Lt2  is  c l ea red   by  this   s igna l   c  and  the  charge  on  t h e  

capac i to r   C4  is  r e l e a s e d   through  the  r e s i s t o r   r14,  thus  no  c l o c k  

s igna l   is  genera ted .   When  r e s e t t i n g   the  d e t e c t o r   in  the  above  manner ,  
if  the  smoke dens i ty   is  below  the  f i r e   l eve l   L3  as  shown  in  Figure  ( 1 ) ,  

s e t t i n g   of  the  l a tch   Lt1  formed  by  NOR  gates  NR1,  NR2  is  c l ea red   by 

the  c lear   s ignal   c  shown  in  Figure  (4),  and  the  f i r e   d e t e c t i n g   o u t p u t  

of  the  NOR  gate  NR2  stops  as  shonw  in  Figure   (13).  Then  the  output   o f  

the  NOR  gate  NRb  in  the  signal   t r ansmiss ion   c i r c u i t  6   becames  H  l e v e l ,  

and  the  output  of  the  NOR  gate  NR9  stops,   t h u s   no  f i r e   s igna l   i s  

sent  to  the  l ines   11,  L2.  Consequently,   the  abnormal  s igna l   d e t e c t i n g  

c i r c u i t   M  in  the  con t ro l   panel  shown  in  Figure   2  no  longer   d e t e c t s  

the  f i r e   s igna l ,   thus  the  contac t   mi  opens,  and  the  f i r e   i n d i c a t o r  

lamp  Lai  e x t i n g u i s h e s .  

Operat ion  of  each  par t   at  the  time  of  t e s t i n g   while  the  output   of  t h e  

a m p l i f i e r   AM  in  the  l i gh t   r ece iv ing   pa r t  2   is  wi th in   the  normal   l eve l   r a n g e  
is  descr ibed   below  with  r e f e rence   to  the  time  chart   shown  in  Figure  4  (A).  

As  the  t e s t   s t a r t   switch  SW1  in  the  con t ro l   panel  shown  in  F i g u r e  

2  is  c losed,   the  re lay   X  opera tes   and  the  c o n t a c t s   x1 ~  x3  c l o s e .  

The  t e s t   s t a r t   s ignal   genera to r   TS  sends  the  t e s t   s t a r t   s igna l   shown 

with  a  symbol  P1  in  Figure  4A  (2)  to  the  l i nes   11,  12  to  i n t e r r u p t ,  

for  a  short   time,  conduct ion  of  the  t r a n s i s t o r   T4  in  the  s igna l   r e c e i v i n g  



c i r c u i t   7  of  the  d e t e c t o r   shown  in  F i g u r e   1.  The  c i r c u i t   7  g e n e r a t e s  

the  pulse   s i g n a l   P i '   in  the  output   l i n e   d  as  shown  in  F igure   ( 3 ) .  

With  the  s i g n a l   P1 ' ,   the  ou tpu t   of  the  NOT  gate  N1  in  the  r e s e t   s i g n a l  

g e n e r a t i n g   c i r c u i t  8   becomes  L  l e v e l ,   and  the  charge  on  the  c a p a c i t o r  

C3  is  r e l e a s e d   through  the  NOT  gate  N1.  N e v e r t h e l e s s ,   be fore   t h e  

v o l t a g e   of  the  c a p a c i t o r   C3  r a i s e s   the  o u t p u t   of  the  NOT  gate  N2 

to  H  l eve l ,   the  ou tpu t   P1'  d i s a p p e a r s   and  the  output   of  the  NOT 

gate   N1  again  becomes  H  l e v e l .   T h e r e f o r e ,   the  c a p a c i t o r   C3  is  r e c h a r g e d ,  

thus  the  NOT  gate  N2  m a i n t a i n s   the  L  l e v e l   ou tpu t   as  shown  in  F i g u r e  

(4).   The  ou tput   P1'  of  the  c i r c u i t  7   a lso   se t s   the  l a tch   Lt2  formed 

by  NOR  gates   NR3,  NR4  in  the  t imer  c i r c u i t   9:  As  the  c a p a c i t o r  

C4  is  charged  with  the  H  l eve l   ou tpu t   of  the  NOR  gate  NR4  t h r o u g h  

the  r e s i s t o r   r13  as  shown  with  the  d o t t e d   l i n e   in  Figure  (5)  and  

i t s   vo l t age   r eaches   the  H  l e v e l ,   the  c lock   s i g n a l   is  sent  to  t h e  

CP  t e r m i n a l s   of  the  monos tab le   m u l t i v i b r a t o r s   MM1,  MM2  with  t h i s  

v o l t a g e .   At  the  Q  t e r m i n a l s   of  the  monos t ab le   m u l t i v i b r a t o r s   MM1, 

MM2,  H  l eve l   ou tpu t s   develop  as  shown  in  F i g u r e s   (6),  (7),  a n d  a  

L  l e v e l   ou tput   develops   on  the  Q  t e r m i n a l   of  the  monostable   m u l t i v i b r a t o r  

MM1,  then  the  ou tpu t   of  the  AND  gate  A2  becomes  H  l eve l   as  shown 

in  Figure   (8).   The  t r a n s i s t o r   T1  in  the  o p e r a t i n g   l eve l   c h a n g e o v e r  

c i r c u i t   10  too  is  conduc t ing   while   the  ou tpu t   of  the  AND  gate  A2 

is  at  H  l e v e l .   Thus,  the  o p e r a t i n g   l e v e l   of  the  comparator  CM  i n  

the  comparison  p a r t  3   becomes  the  lower  level   L1  of  the  normal  l e v e l  

range  which  is  de te rmined   by  r e s i s t a n c e   d i v i d i n g   r a t i o   of  the  r e s i s t o r  

r1,  r2,  as  shown  with  the  do t ted   l i n e   in  F igure   (11).  F u r t h e r m o r e ,  

s ince   the  Q  output   of  the  monos tab le   m u l t i v i b r a t o r   MMz  is  at  H  l e v e l ,  

the  output   of  the  NOT  gate  N3  becomes  L  l e v e l   and  i n h i b i t s   o p e r a t i o n  

of  the  AND  gate   Ai.  On  the  o ther   hand  the  c a p a c i t o r   C3  in  the  f u n c t i o n  

d i s c r i m i n a t i n g   c i r c u i t   11  is  charged.   When  i t s   vo l t age   reaches   a 

p r e d e t e r m i n e d   va lue ,   the  output   of  the  NOT  gate  N4  becomes  L  l e v e l ,  

but  the  o ther   input   of  the  NOR  gate  NRs  is  at  H  l e v e l .   T h e r e f o r e ,  

the  NOR  gate NR5  does  not   produce  the  c lock  s i g n a l .  

Under  th is   c o n d i t i o n ,   if  the  pulse   ou tpu t   of  the  a m p l i f i e r   AM  i n  

the  s i g n a l   r e c e i v i n g   p a r t  2   l i e s   between  the  lower  l eve l   L1  and  t h e  

upper  l eve l   L2  of  the  normal  l e v e l   range  as  shown  in  Figure  ( 1 1 ) ,  

the  comparator   CM  g e n e r a t e s   d e t e c t i n g   pulse   s igna l   as  shown  in  F i g u r e  



(12)  because  t h e   p u l s e   ou tpu t  o f   t h e  a m p l i f i e r   AM  is  above  the  o p e r a t i n g  

l e v e l   of  the  compara tor   CM.  With  t h i s   pu l se   output   of  the  c o m p a r a t o r  

CM,  synch ron ized   s i g n a l   genera ted   by  t h e  p u l s e   o s c i l l a t o r   PO1  and  

H  level   output   of  the  AND  gate  A2,  the  AND  gate  A4  genera tes   t h e  

pulse  output   s i m i l a r   to  that   of  the  comparator   CM  as  shown  in  F i g u r e  

(12).  This  ou tpu t   of  the  AND  gate  A4  se ts   the  Q  output  of  the  c i r c u i t  

FF1  in  the  f u n c t i o n   d i s c r i m i n a t i n g   c i r c u i t   11  at  H  level   as  shown 

in  Figure  (14).   On  the  other  hand  the  Q  output   of  the  c i r c u i t   FF2 

remains  at  L  l e v e l   as  shown  in  Figure  (15)  because  the  CP  t e r m i n a l  

r ece ives   no  clock  s i gna l   from  the  NOR  gate  NRs. 

After   lapse  of  a  p r e d e t e r m i n e d   shor t   t i m e  t h e   Q  output  and  Q  o u t p u t  
of  the  monostable   m u l t i v i b r a t o r   MM1  in  the  t imer  c i r c u i t   9  become 

L  level   and  H  l e v e l   r e s p e c t i v e l y   as  shown  in  Figure  (6).  C o n s e q u e n t l y ,  
the  output  of  the  AND  gate  A2  becomes  L  l eve l   as  shown  in  F i g u r e  

(8),  i n h i b i t i n g   o p e r a t i o n   of  the  AND  gate  A4  in  the  c i r c u i t   11,  
and  render ing   the  t r a n s i s t o r   T1  in  the  c i r c u i t   10  non  c o n d u c t i v e .  

On  the  other   hand,  the  output  of  the  AND  gate  A3  becomes  H  l e v e l  

as  shown  in  F igure   (9),  the  t r a n s i s t o r   T2  becomes  conduct ive ,   and 

the  ope ra t ing   l e v e l   of  the  comparator  CM  in  the  comparison  par t   3 

reaches  the  upper  l eve l   of  the  normal  l eve l   range  as  shown  with  t h e  

symbol  L2  in  Figure   (11)  which  is  determined  by  d iv id ing   r a t i o   of  t h e  

r e s i s t o r s   r1  and  r2+r3.  Under  this  cond i t i on ,   if  the  amp l i f i e r   AM 

in  the  l ight   r e c e i v i n g   part  2  has  the  normal  output  as  shown  i n  

Figure  (11),  the  output   of  the  comparator  CM  is  at  L  level   as  shown 

in  Figure  (12)  because  the  output  of  the  a m p l i f i e r   AM  is  below  t h e  

leve l   L2. 

When  the  output   of  the  monostable  m u l t i v i b r a t o r   MM2  becomes  L  l e v e l  

as  shown  in  Figure  (7)  a f t e r   lapse  of  a  p rede termined   long  time,  t h i s  

L  level   output  and  the  output  of  the  NOT  gate  N4  in  the  f u n c t i o n  

d i s c r i m i n a t i n g   c i r c u i t   11  at  L  level   cause  the  NOR  gate  NR5  to  g e n e r a t e  
the  clock  s igna l   c  as  shown  in  Figure  (16).  With  this  s ignal   c,  t h e  

Q  output  of  the  f l i p - f l o p   c i r c u i t   FF2  becomes  H  level   as  shown in  F i g u r e  

(-15)  because  the  Q  output   of  the  f l i p - f l o p   c i r c u i t   FF1  is  at  H  l e v e l  

as  shown  in  Figure  (14).  With  the  H  leve l   output  of  the  f l i p - f l o p  

c i r c u i t  F F 2 ,   the  NAND  gate  NA1  in  the  s igna l   genera t ing   c i r c u i t   5 

genera tes   a  pulse  s igna l   having  the  phase  oppos i te   to  that  of  t h e  



pulse   s i gna l   with  f r equency   f1  g e n e r a t e d   by  the  o s c i l l a t o r   P02,  :and 

the  NAND  gate  NA2  g e n e r a t e s   a  pu l se   s i g n a l   with  f requency  f1  as  shown 

in  F igure   (20).  The  clock  s i g n a l   from  the  NOR  gate  NR5  se t s   the  l a t c h  

Lt3  formed  by  NOR  gates   NR6,  NR7,  and  the  output   of  the  NOR  gate  NR7 

becomes  H  l e v e l .   With  t h i s   H  l e v e l   ou tpu t ,   the  output   of  the  NOR 

gate   NR6  in  the  s i g n a l   t r a n s m i s s i o n   c i r c u i t  6   becomes  L  l e v e l ,   and 

the  NOR  gate  NR9  g e n e r a t e s   a  pu l se   s i g n a l   with  f requency  f1  as  shown 

in  F igure   (21),  by  which  c o n d u c t i o n   of  the  t r a n s i s t o r   T3  is  c o n t r o l l e d  

and  the  normal  s i g n a l   shown  in  F igure   (2)  is  sent  to  the  l i ne s   l1,  l 2 .  

L a s t l y ,   as  the  s i g n a l   r e c e i v i n g   c i r c u i t   7  has  r ece ived   the  r e s e t   s i g n a l  

P2  shown  in  Figure  (2)  and  has  an  ou tput   P2'  shown  in   F igure   (3)  on 

i t s   ou tpu t   l ine   d,  the  NOT  gate   N2  in  the  r e se t   s i gna l   g e n e r a t i n g  

c i r c u i t  8   g e n e r a t e s   a  c l e a r   s i g n a l   c  shown  in  Figure  (4),  which  r e s e t s  

the  l a t c h e s   Lt2,  Lt3  formed  by  NOR  gates   NR3,  NR4  and  NR6,  NR7  r e s p e c t i v e l  

in  the  same  manner  as  r e s e t t i n g   in  case  of  f i r e .   Then,  the  o u t p u t s  

of  the  NOR  gates  NR4,  NR7  become  L  l eve l   as  shown  in  Figure   (5)  and 

(17)  r e s p e c t i v e l y .   With  the  L  l e v e l   ou tput   of  the  NOR  gate  NR7,  t h e  

NOR  gate  NR9  no  longer   g e n e r a t e s   the  pulse   s igna l   as  shown  in  F i g u r e  

(21),  and  a c c o r d i n g l y   the  s i g n a l   t r a n s m i s s i o n   c i r c u i t  6   stops  t r a n s m i t t i n g  

the  normal  s igna l   as  shown  in  Figure   (2).  The  c lear   s i gna l   from  t h e  

NOT  gate  N2  r e s e t s   the  f l i p - f l o p   c i r c u i t   FF1  in  the  f unc t i on   d i s c r i m i n a t i n  

c i r c u i t   11  through  the  OR  gate  R1,  and  the  f l i p - f l o p   c i r c u i t   FF2  d i r e c t l y .  

The  Q  ou tpu ts   of  the  beth  c i r c u i t s   become  L  level   as  shown  in  F i g u r e s  

(14),  (15).  With  the  L  l e v e l   output   of  the  f l i p - f l o p   c i r c u i t   FF2, 

the  ou tpu t   of  the  NAND  gate  NA1  in  the  s igna l   g e n e r a t i n g   c i r c u i t   5 

become  H  l eve l   and  the  NOT  gate  NA2  gene ra t e s   the  pulse   s i gna l   w i t h  

f requency   f2  as  shown  in  F igure   (20),   thus  each  pa r t   of  the  d e t e c t o r  

r e t u r n s   to  the  o r i g i n a l   s t a t e .  

Now,  the  fo l lowing   d e s c r i b e s   o p e r a t i o n   of  each  par t   during  the  t e s t  

with  r e f e r e n c e   to  the  time  char t   shown  in  Figure  5  (A)  in  case  t h a t  

the  ou tpu t   of  the  a m p l i f i e r   AM  has  been  reduced  below  the  lower  l e v e l  

L1  of  the  normal  l eve l   range  due  to  s o i l i n g   by  dust  accumula t ing   o v e r  

the  l i g h t   r e c e i v i n g   s u r f a c e   of  the  l i g h t   r e c e i v i n g   element  SB  in  t h e  

l i g h t   r e c e i v i n g   par t   2 .  

In  t h i s   case,  too,  the  s i g n a l   r e c e i v i n g   c i r c u i t   7  in  Figure  1  g e n e r a t e s  

a  pu lse   s i gna l   P1'  in  the  ou tput   l ine   d  with  the  t e s t   s t a r t   s igna l   P1 



from  the  c o n t r o l   panel  shown in   F igure   5  (A)  (2).  However,  due  t o  

-narrow  pu l se   width  of  the  pulse  s ignal   P1 ' ,   the  NOT  gate  N2  in   t h e  

r e s e t   s igna l   gene ra t i ng   c i r c u i t  8   gene ra t e s   no  c lear   s igna l .   On  t h e  

other   hand  the  l a tch   Lt2  formed  by  NOR  gates  NR3,  NR4  in  the  t i m e r  

c i r c u i t  9   is  set   as  shown  in  Figure  (5)  with  the  pulse  s igna l   P 1 ' .  

When  the  c a p a c i t o r   C4  is  charged  with  the  H  l e v e l   output  of  the  NOR 

gate  NR4  through  the  r e s i s t o r   r13  as  shown  with  the  dotted  l ine   i n  

Figure  5  (A)  (5)  and  the  vol tage   reaches  the  H  l eve l ,   outputs   of  H 

leve l   develop  at  the  Q  te rminals   of  the  monostable  m u l t i v i b r a t o r s  

MM1,  MM2  as  shown  in  Figure  (6),  (7),  and  the  output   of  the  AND  g a t e  

A2  becomes  H  l e v e l .   T h e n ,  t h e   t r a n s i s t o r  T 1   in  the  opera t ing   l e v e l  

changeover  c i r c u i t   10  becomes  conductive  as  shown  in  Figure  (8),  and 

the  o p e r a t i n g   l eve l   of  the  comparator  CM  in  the  comparison  p a r t  3   becomes 

the  lower  l eve l   L1  of  the  normal  level   range  as  shown  with  the  d o t t e d  

l ine   in  Figure   ( 1 1 ) .  

With  the  H  l e v e l   output  of  the  monostable  m u l t i v i b r a t o r   MM2,  the  o u t p u t  
of  the  NOT  gate  N3  in  the  f i r e   d i s c r i m i n a t i n g   p a r t  4   becomes  L  l e v e l  

and  i n h i b i t s   o p e r a t i o n   of  the  AND  gate  Al,  while  on  the  other  hand 

the  NOR  gate  NR5  in  the  funct ion   d i s c r i m i n a t i n g   c i r c u i t   11  g e n e r a t e s  

no  clock  s igna l   as  shown  in  Figure  ( 1 6 ) .  

Under  th is   cond i t i on ,   if  the  output  of  the  a m p l i f i e r   AM  in  the  l i g h t  

r ece iv ing   p a r t  2   is  below  the  level  L1  as  shown  in  Figure  (11),  t h e  

t r a n s i s t o r   T1  in  the  opera t ing   level   changeover  c i r c u i t   10  becomes 

conduc t ive   as  shown  in  Figure  (8).  The re fo re ,   even  if   the  o p e r a t i n g  

level   of  the  comparator  CM  in  the  comparison  p a r t  3   becomes  the  l o w e r  

level   L1  as  shown  in  Figure  (11),  no  d e t e c t i n g   s igna l   is  g e n e r a t e d  

in  the  comparator  CM  as  shown  in  Figure  (12) ,   the  AND  gate  A4  in  t h e  

func t ion   d i s c r i m i n a t i n g   c i r c u i t   11  has  no  ou tpu t ,   and  the  f l i p - f l o p  

c i r c u i t   FF1  is  not  set  as  shown  in  Figure  ( 1 4 ) .  

Then,  a f t e r   lapse   of  a  predetermined  time,  the  Q  output   of  the  m o n o s t a b l e  

m u l t i v i b r a t o r   MM1  in  the  timer  c i r c u i t  9   becomes  L  l eve l   as  shown  i n  

Figure  6,  and  the  Q  output  becomes  H  l eve l .   The  outputs   of  the  AND 

gates  A2,  A3  become  L and  H  levels   r e s p e c t i v e l y   as  shown  in  F i g u r e s  

(8),  (9),  thus  render ing   the  t r a n s i s t o r   T1  non-conduc t ive   and  t h e  

t r a n s i s t o r   T2  conduct ive .   Consequently  the  ope ra t ing   level   of  t h e  

comparator  CM  becomes  the  level   L2  as  shown  in  Figure  (11).  Enen 



at  t h i s   l eve l   L2,  the  compara to r   CM  has  no  o u t p u t   as  shown  in  F i g u r e  

(12),  and  the  AND  gate   A,,  too,  has  no  o u t p u t .   Af t e r   f u r t h e r   l apse   o f  

a  p rede te rmined   time  the  Q  ou tpu t   of  the  monos t ab l e   m u l t i v i b r a t o r   MM2 

becomes  L  l eve l   as  shown  in  Figure  (7),  and  the  NOR  gate  NRs  g e n e r a t e s  
the  clock  s igna l   c  shown  in  F igure   (16),  which  se t s   the  l a tch   L t 3 .  

As  the  output   of  the  NOR  gate  NRa  in  the  s i g n a l   t r a n s m i s s i o n   c i r c u i t  

6  becomes  L  l eve l   with  the  H  l eve l   output   of  the  NOR  gate  NR7  shown 

in  Figure  (17),  the  NOR  gate   NR,  gene ra t e s   a  pu l se   s i gna l   with  f r e q u e n c y  

f2  as  shown  in  F igure   (21)  because   the  NAND  gate   NA2  in  the  s i g n a l  

g e n e r a t i n g   c i r c u i t   5  is  g e n e r a t i n g   a  pulse   s i g n a l   with  frequency  f 2  

as  shown  in  Figure  (20) .   By  the  pulse   s i g n a l   from  the  NOR  ga t e  NR9 ,  

conduct ion   of  the  t r a n s i s t o r   T3  is  c o n t r o l l e d ,   and  the  abnormal  s i g n a l  
is  sent   to  the  c o n t r o l   panel   through  the  l i n e s   11,  12  as  shown  in  F i g u r e  

( 2 ) .  

The  fol lowing  d e s c r i b e s   o p e r a t i o n   of  each  pa r t   dur ing  the  t e s t   w i t h  

r e f e r e n c e   to  the  time  c h a r t   shown  in  F igure   6  (A),  which  is  c a r r i e d  

out  in  case  the  ou tpu t   of  the  a m p l i f i e r   AM  for  the  l i g h t   r e c e i v i n g  

element  SB  in  the  l i g h t   r e c e i v i n g   p a r t  2   has  exceeded  the  upper  l e v e l  

L2  of  the  normal  l e v e l   range  due  to  a ccumula t ion   of  dust  in  the  l a b y r i n t h .  

As  in  the  case  of  the  f o r e g o i n g ,   the  s i g n a l   r e c e i v i n g   c i r c u i t   7  i n  

Figure  1  gene ra t e s   the  pu l se   s igna l   P1'  in  the  output   l ine   d  shown 

in  Figure  (8)  with  the  t e s t   s t a r t   s ignal   P1  from  the  control   panel  shown 

in  Figure  6  (A)  (2).  Al though  the  NOT  gate  N2  in  the  r e se t   s i g n a l  

g e n e r a t i n g   c i r c u i t  8   does  not  gene ra te   the  c l e a r   s i g n a l ,   the  l a t c h  

Lt2  in  the  t imer  c i r c u i t  9   is  se t .   The  c a p a c i t o r   C4  is  charged  with  t h e  

H  l e v e l   output  of  the  NOR  gate  NR4  as  shown  with  the  dot ted   l ine   i n  

Figure   (5).  When  the  v o l t a g e   reaches   the  H  l e v e l ,   outputs   of  H  l e v e l  

develop  at  the  Q  t e r m i n a l s   of  the  monostable   m u l t i v i b r a t o r s   MMi,  MM2 

as  shown  in  Figure  (6),   (7)  and  the  output   of  the  AND  gate  A2  becomes 

H  l e v e l .   Then,  the  t r a n s i s t o r   T1  in  the  o p e r a t i n g   l eve l   changeove r  

c i r c u i t   10  becomes  c o n d u c t i v e   as  shown in  F igure   6  (8),  and  the  o p e r a t i n g  

l e v e l   of  the  compara tor   CM  in  the  comparison  p a r t  3   becomes  the  l o w e r  

l eve l   L1  of  the  normal  l e v e l   range  as  shown  with  the  dot ted   l ine   i n  

Figure  (11).  With  the  H  l e v e l   output   of  the  Q  t e rmina l   of  the  m o n o s t a b l e  

m u l t i v i b r a t o r   MM2,  the  ou tpu t   of  the  NOT  gate  N3  in  the  f i r e   d i s c r i m i n a t i n g  

c i r c u i t  4   becomes  L  l e v e l   a n d - i n h i b i t s   o p e r a t i o n   of  the  AND  gate  A1, 



while-on   the   o t h e r   hand  the NOR  gate NR5  i n  t h e  f u n c t i o n   d i s c r i m i n a t i n g  

c i r c u i t   11  g e n e r a t e s   no  clock  s i g n a l .  

Under  t h i s   c o n d i t i o n ,   if  the  output   of  the  a m p l i f i e r   AM  in  the  l i g h t  

r e c e i v i n g   p a r t  2   is  over  the  l eve l   L2  as  shown  in  Figure  (11),   t h e  

t r a n s i s t o r   T1  in   the  o p e r a t i n g   l e v e l   changeover  c i r c u i t   10  become 

conduc t ive   as  shown  in  F igure   (8).   As  the  ope ra t i ng   l eve l   of  t h e  

comparator   CM  in  the  comparison  p a r t  3   becomes  the  l eve l   L1  as  shown 

in  F igure   (11),   the  output   of  the  comparator   CM  becomes  the  H  l e v e l .  

With  th i s   ou tput   of  the  comparator   CM,  the  output   of  the  AND  gate  A4 

in  the  f u n c t i o n   d i s c r i m i n a t i n g   c i r c u i t   11  becomes  H  l eve l ,   and  a c c o r d i n g l y  

the  Q  ou tpu t   of  the  f l i p - f l o p   c i r c u i t   FF1  is  set  at  H  l eve l   as  shown 

in  Figure   (14).  However,  s ince  the  CP  t e rmina l   of  the  f l i p - f l o p   c i r c u i t  

FF2  r e c e i v e s   no  clock  s igna l   from  the  NOR  gate  NR5,  the  Q  ou tput   of  t h e  

f l i p - f l o p   c i r c u i t   remains  at  L  l e v e l .   After   lapse  of  a  p r e d e t e r m i n e d  

time  under  th i s   c o n d i t i o n ,   the  Q  output   of  the  monostable  m u l t i v i b r a t o r  

MM1  in  the  t imer  c i r c u i t   9  becomes  L  l eve l   as  shonw  in  Figure   (6)  and 

Q  output   becomes  H  l e v e l .   The  ou tpu t s   of  the  AND  gates  A2,  As  become 

L and  H  l e v e l s   r e s p e c t i v e l y   as  shown  in  Figure  (8),  (9).  Thus,  t h e  

t r a n s i s t o r   T1  becomes  non -conduc t ive   and  the  t r a n s i s t o r   T2  c o n d u c t i v e .  

Then,  the  o p e r a t i n g   l e v e l   of  the  comparator   CM  changes  to  l eve l   L2 

as  shown  in  Figure  (11),  the  output   of  the  comparator  CM  remains  a t  

I  I level.  With  t h i s   output  the  AND  gate  A5  and  the  OR  gate  R1  g e n e r a t e  

H  level   ou tputs   s u c c e s s i v e l y .   With  the  output  reaching  the  r e s e t   t e r m i n a l  

R  of  the  f l i p - f l o p   c i r c u i t   FF1,  the  Q  output   of  the  f l i p - f l o p   c i r c u i t  

FF1  is  r e s e t   at  the  L  l eve l   as  shown  in  Figure  (14).  Even  if   the  c o m p a r a t o r  

CM  has  an  output   t h e r e a f t e r ,   the  Q  output   of  the  f l i p - f l o p   c i r c u i t   FF1 

remains  at  L  l e v e l   as  shown  in  Figure   (14)  as  long  as  the  o p e r a t i n g   l e v e l  

of  the  comparator   CM  is  at  the  l e v e l   L2,  because  the  output   of  the  c o m p a r a t o r  

CM  reaches   the  R  t e rmina l   of  the  f l i p - f l o p   c i r c u i t   FF1  through  t h e  

AND  gate  As  and  the  OR  gate  Rl.  As  in  the  previous   case,  a f t e r   l a p s e  

of  a  p r ede t e rmined   time  the  Q  output   of  the  monostable  m u l t i v i b r a t o r  

MM2  becomes  L  l eve l   as  shown  in  Figure  (7),  and  the  NOR  gate  NR5  in  t h e  

c i r c u i t   11  gene ra t e s   the  clock  s igna l   c  shown  in  Figure  (16),  which  

sets  the  l a tch   Lt3.  As  the  NOR  gate  NR7  has  H  level   output   shown  i n  

Figure  (17),  and  the  output   of  the  NOR  gate  NRs  in  the  s igna l   t r a n s m i s s i o n  

c i r c u i t  6   becomes  the  L  l eve l ,   the  NAND  gate  NA2  in  the  s igna l   g e n e r a t i n g  

c i r c u i t  5   gene ra t e s   a  pulse  s igna l   with  frequency  f2  as  shown  in  F i g u r e  



(20),  and  a c c o r d i n g l y   the  NOR  gate   NR9  g e n e r a t e s   a  pu l se   s igna l   o f  

f r equency   f2  as  shown  in  F igure   (21)  to  c o n t r o l   conduc t ion   of  the  t r a n s i s t o r  

T3  and  to  send  an  abnormal  s i g n a l   to  the  c o n t r o l   panel   through  the  l i n e s  

11 ,  12   as  shown  i n  F i g u r e   ( 2 ) .  

Now,  the  fo l lowing   d e s c r i b e s   how  the  s i g n a l   r e c e i v i n g   c i r c u i t   7  o p e r a t e s  
with  the  r e s e t   s i g n a l   P2  shown  in  F igure   5  (A)  and  6  (A)  (2)  and  r e c e i v e d  

from  the  con t ro l   panel   a f t e r   the  t e s t   conducted  in  case  tha t   the  o u t p u t  
of  the  a m p l i f i e r   AM  has  f a l l e n   below  the  lower  l eve l   L1  and  exceeded  t h e  

upper  l e v e l   L2.  The  s i g n a l   r e c e i v i n g   c i r c u i t   7  g e n e r a t e s   a  pulse  s i g n a l  

P2'  shown  in  Figure  (3)  in  the  ou tpu t   l i ne   d.  The  NOT  gate  N2  in  t h e  

r e s e t   s i g n a l   g e n e r a t i n g   c i r c u i t  8   g e n e r a t e s   the  c l e a r   s i g n a l   c  shown 

in  F igure   6  (4),  with  which  the  l a t c h e s   Lt2,  Lt3  formed  by  NOR  g a t e s  

NR3,  NR4  and  NR6,  NR7  r e s p e c t i v e l y   are  r e s e t .   Then,  the  ou tputs   o f  

the  NOR  ga tes   NR4, NR7  become  L  l e v e l   as  shown  in  F igures   (5)  and  ( 1 7 ) .  

Because  of  th is   L  l eve l   ou tpu t   of  the  NOR  gate  NR7,  the  NOR  gate  NR9 

no  longer   gene ra t e s   the  pu l se   s i g n a l   as  shown  in  F igure   (21),   and  t h e  

s i g n a l   t r a n s m i s s i o n   c i r c u i t  6   s tops   t r a n s m i t t i n g   the  abnormal  s i g n a l  

to  the  l i n e s   11,  12  as  shown  in  F igure   (2),  thus  each  p a r t   of  the  d e t e c t o r  

r e s e t s   to  the  o r i g i n a l   c o n d i t i o n .  

L a s t l y ,  t h e   fo l lowing   d e s c r i b e s   o p e r a t i o n   of  the  c o n t r o l   panel   when  t h e  

t es t   is  conducted  with  the  t e s t   s t a r t   s i g n a l   from  the  c o n t r o l   p a n e l  

shown  in  Figure  2.  When  the  swi tch   SW1  is  closed  for  t e s t i n g ,   the  r e l a y  

X  o p e r a t e s   tu  close  the  c o n t a c t s   x1 ~  x3  and  open  the  c o n t a c t   x4 .  

T h e r e f o r e ,   on  r e c e i p t   of  the  normal  s i g n a l   from  the  d e t e c t o r   shown  i n  

Figure   1,  the  re lay   N  o p e r a t e s   and  c lose   the  con tac t   N1,  and  the  normal  

i n d i c a t o r   lamp  La3  l i g h t s .   When  the  abnormal  s i g n a l   is  r e c e i v e d ,   t h e  

r e l ay   M  o p e r a t e s   and  c loses   the  c o n t a c t s   ml,  m2  to  cause  the  abnormal  

i n d i c a t o r   lamp  La2  to  l i g h t   up  i n d i c a t i n g   tha t   there   is  a b n o r m a l i t y  

in  the  smoke  d e t e c t i n g   f u n c t i o n .   As  the  switch  SW2  is  c losed  to  r e s e t  

the  d e t e c t o r ,   the  re lay   Y  o p e r a t e s   and  c loses   the  c o n t a c t   y1  and  opens 
the  c o n t a c t   y2  to  a c t u a t e   the  r e s e t   s i g n a l   g e n e r a t o r   RS  which  s e n d s  

the  r e s e t   s i g n a l   to  the  l i n e s   11,  12.  At  the  same  time,  o p e r a t i o n  

of  the  r e l a y   X  is  stopped  and  the  c o n t a c t s   x1,  x2,  x3  are  opened  t o  

p revent   the  t e s t   s i gna l   g e n e r a t o r   TS  from  o p e r a t i n g   and  to  e x t i n g u i s h  

the  normal  i n d i c a t o r   lamps  La2,  La3.  The  con tac t   x4  is  c losed  to  r e s e t  

the  c o n t r o l   panel  in  the  normal  s u p e r v i s o r y   c o n d i t i o n .  



Figure   7  i s   a  c i r c u i t   d i ag ram  of  ano the r   embodiment  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   r e l a t i n g   t o   a  l i g h t   e x t i n c t i o n   type   smoke  d e t e c t o r  

which  d e t e c t s   smoke  on  l i g h t   e x t i n c t i o n   p r i n c i p l e .   The  c i r c u i t   d i ag ram 

of  the  con t ro l   panel  used  for  th i s   embodiment  is  the  same  as  Figure   2. 

T h e  l i g h t   e x t i n c t i o n   type  smoke  d e t e c t o r   shown  in  Figure  7  only  d i f f e r s  

from  F igu re   1  in  that   the  r e s i s t o r s   r 1  ~   r4  are  connected  in  s e r i e s  

across   the  conductors   a,  b  in  oppos i t e   order  to  determine  the  u p p e r  
l e v e l   L1  of  the  normal  l e v e l   range  as  th resho ld   l eve l   at  which  a l a r m  

f a i l u r e   or  delayed  alarm  is  l i k e l y   to  o c c u r ,  

a   lower  l e v e l   L2  as  t h r e s h o l d   l e v e l   at  which  f a l s e   alarm  is  l i k e l y  

to  be  produced,   and  the  f i r e   l e v e l   Ls,  and  that   the  v o l t a g e   of  o p e r a t i n g  

l e v e l   deve loping   at  the  j u n c t i o n   of  the  r e s i s t o r s   r1  and  r2  is  a p p l i e d  

to  the  +  t e r m i n a l   of  the  comparator   CM  in  the  comparison  p a r t  3   and  t h e  

output   of  the  a m p l i f i e r   AM  in  the  l i gh t   r ece iv ing   p a r t  2   is  led  to  t h e  

-  t e rmina l   so  that   the  comparator   CM  genera tes   the  d e t e c t i n g   o u t p u t  

-when  the   output   of  the   a m p l i f i e r   AM  has  f a l l e n   below  the  o p e r a t i n g  

l e v e l .   There fore ,   as  compared  with  the  time  chart   of  F igure   3  (A) 

of  the  embodiment  shown  in  F igure   1,  the  normal  s u p e r v i s o r y   s t a t e   o f  

th i s   embodiment  and  the  o p e r a t i n g   s t a t e   of  each  par t   in  case  of  f i r e  

only  d i f f e r s   in  the  ou tpu ts   of  the  a m p l i f i e r   AM  in  the  l i g h t   r e c e i v i n g  

p a r t  2   and  of  the  comparator   CM  in  the  comparison  par t   3  as  shown  i n  

F igures   (11)  and  (12).  There fore ,   these  d i f f e r e n t   outputs   shown  w i t h  

F igures   (11),  (12)  are  e x t r a c t e d   and  i nd i ca t ed   at  the  lower  par t   o f  

F igure   3  (A)  as  Figures   (B)  ( 11 ' ) ,   ( 1 2 ' ) .  

Now,  o p e r a t i o n   of  the  embodiment  is  descr ibed   with  r e f e r e n c e   to  F i g u r e s  

3  (A)  but  (11),  (12),  and  (B)  (11 ' ) ,   ( 12 ' ) .   With  r e s p e c t   to  F i g u r e  

3  (A)  some  d e s c r i p t i o n s   have  a l ready   been  made,  and  only  t h e i r   s u m m a r y  

is  given  hereunder .   In  normal  supe rv i so ry   cond i t ion   wi thout   smoke  t h e  

t r a n s i s t o r   T1  in  the  s igna l   r e ce iv ing   c i r c u i t   7  is  conduct ing   and  i t s  

output   l ine   d  has  no  output   as  shown  in  the  l e f t   par t   of  Figure  ( 3 ) .  

Consequent ly ,   the  ou tputs   of  the  r e se t   s ignal   gene ra t i ng   c i r c u i t  8   and 

of  the  AND  gates  A2,  As  in  the  timer  c i r c u i t  9   are L  l e v e l ,   and  t h e  

t r a n s i s t o r s   T1,  T2  in  the  ope ra t ing   level   changeover  c i r c u i t   10  do  n o t  

conduct .   As  the  ope ra t i ng   l eve l   of  the  comparator  CM  in  the  compar i son  

p a r t  3   is  at  the  f i r e   level   L3  (e.g.   85X  l i gh t   t r a n s m i t t i v i t y   of  t h e  

output   of  the  a m p l i f i e r   AM  as  i n d i c a t i o n   of  l igh t   t r a n s m i t t i v i t y   w h i l e  



no  smoke  p r e s e n t s ) ,   the  comparator   CM  has  the  L  l eve l   output  shown 

in  F igure   (12 ' )   and  the  output   of  the  AND  gate  A1  is  at  the  L  l e v e l  

when  the  a m p l i f i e r   AM  g e n e r a t e s   a  pu lse   s i gna l   exceeding  the  l e v e l  

L3  shown  in  F igure   ( 1 1 ' ) .   Consequen t ly ,   no  s igna l   is  sent  to  t h e  

l i n e s   11,  12.  N e v e r t h e l e s s ,   when  the  a m p l i f i e r   AM  has  generated  a  

pu lse   s i g n a l   below  the  f i r e   l e v e l   as  shown  Figure  (11')   as  a  r e s u l t  

of  en t ry   of  smoke  from  f i r e   between  the  l i g h t   emi t t ing   element  LE 

in  the  l i g h t   e m i t t i n g   par t   1  and  the  l i g h t   r e c e i v i n g   element  SB  in  t h e  

l i g h t   r e c e i v i n g   p a r t  2 ,   the  compara tor   CM  has  the  H  leve l   output  as  

shown  in  F igure   ( 1 2 ' ) ,   with  which  and  the  synchron iz ing   s igna l   from 

the  o s c i l l a t o r   PO1  and  the  H  l e v e l   ou tput   of  the  NOT  gate  Ns,  t h e  

AND  gate   A1  in  the  f i r e   d e t e c t i n g   p a r t  4   gene ra te s   a  pulse  s i g n a l  

c o r r e s p o n d i n g   to  the  output   of  the  comparator   CM.  Then,  the  l a t c h  

Lt1  formed  by  the  NOR  gates  NRi,  NR2  is  set   as  shown  in  Figure  ( 1 3 ) .  

With  the  H  l e v e l   ou tput   of  the  NOR  gate  NR2,  a  f i r e   s igna l   with  f r e q u e n c y  

f2  shown  in  F igure   (2)  is  sent   to  the  l i n e s   11,  12  through  the  s i g n a l  

t r a n s m i s s i o n   c i r c u i t  6 .   Opera t ion   of  the  con t ro l   panel   a f t e r   r e c e i p t  

of  t h i s   f i r e   s i g n a l   and  r e s e t t i n g   of  the  f i r e   d e t e c t o r   by  r e se t   s i g n a l  

from  the  c o n t r o l   panel   are  same  as  in  the  case  of  the  l i g h t   s c a t t e r i n g  

type  smoke  d e t e c t o r .  

Opera t ion   of  each  par t   at  the  time  of  the  t e s t   while  the  output  o f  

the  ampl i f i e r  AM  in  the  l i gh t   r e c e i v i n g   p a r t  2   of  th is   embodiment 

only  d i f f e r s   in  Figure  (11)  showing  the  output  of  the  ampl i f i e r   AM 

in  the  l i g h t   r e c e i v i n g   p a r t  2   and  Figure   (12)  showing  the  output  o f  

the  compara to r   CM  in  the  comparison  par t   3  as  compared  with  the  t ime 

c h a r t ,   F igu re   4  (A)  for  the  embodiment  shown  in  Figure   1.  T h e r e f o r e ,  

only  these   d i f f e r e n t   outputs   shown  with  F igures   (11),  (12)  are  e x t r a c t e d  

and  i n d i c a t e d   at  the  lower  pa r t   of  F igure   4  (A)  as  Figure   (B)  ( I I ' ) ,  

( 1 2 ' ) .  

Now,  o p e r a t i o n   of  the  embodiments  is  desc r ibed   with  r e f e r e n c e   to  F i g u r e s  

4  (A)  but  (11),   (12),  and  (B)  ( I I ' ) ,   ( 12 ' ) .   With  the  t e s t   s t a r t   s i g n a l  

P1  shown  in  Figure   (2)  from  the  con t ro l   panel  the  s i g n a l   r e c e i v i n g  

c i r c u i t   7  g e n e r a t e s   a  pulse  ou tpu t   P1,'  shown  in  F igure   (3)  in  i t s  

ou tpu t   l i n e   d,  but  the  r e se t   s i g n a l   g e n e r a t i n g   c i r c u i t  8   does  n o t  

g e n e r a t e   the  c l ea r   s i gna l   due  to  the  narrow  pulse  width.   The  p u l s e  

s i g n a l   P1'  se ts   the  l a tch   Lt2  formed  by  NOR  gates  NR,,  NR4  in  t h e  

t imer  c i r c u i t  9 .   With  the  H  l eve l   output   of  the  NOR  gate  NR4  shown 



i n  F i g u r e   (5)  t he   c a p a c i t o r   C4 is  charged  as  shown  with  the  dot ted  l i n e  

i n  F i g u r e   (5).  As  the  vo l tage   of  the  c a p a c i t o r   C4  reaches  the  H  l e v e l ,  

the  clock  s i g n a l   i s   t r a n s m i t t e d   to  the  CP  t e r m i n a l s   of  the  m o n o s t a b l e  

m u l t i v i b r a t o r s   MM1,  MM2.  Then,  the  Q  t e r m i n a l s   of  the  monos tab le  

m u l t i v i b r a t o r s   MM1,  MM2  have  H  l eve l   ou tpu t s   as  shown  in  Figures  ( 6 ) ,  

(7),  with  which  the  output   of  the  AND  gate  A2,  too,  become  the  H  l e v e l  

as  shown  in  Figure   (8),  and  the  t r a n s i s t o r   T1  in  the  opera t ing   l e v e l  

changeover  c i r c u i t   10  becomes  conduc t ive .   The  opera t ing   level   of  t h e  

comparator  CM  in  the  comparison  p a r t  3   becomes  the  upper  level   L1  o f  

the  n o r m a l - l e v e l   range  (e .g.   105%  l i g h t   t r a n s m i t t i v i t y )   as  shown  w i t h  

the  dotted  l i n e   in  Figure   (11 ' ) .   Under  t h i s   cond i t i on ,   i f   the  p u l s e  

output  of  the  a m p l i f i e r   AM  in  the  l i g h t   r e c e i v i n g   par t   2  l i e s   be tween  

the  upper  l eve l   L1  and  the  lower  l eve l   L2  of  the  normal  level   r a n g e  

as  shown  in  Figure  ( 1 1 ' ) ,   the  pulse  output   is  below  the  opera t ing   l e v e l  

of  the  comparator  CM.  Therefore ,   the  comparator   CM  has  no  L  l e v e l  

output ,   but  H  l eve l   output   as  shown  in  F igure   ( 1 2 ' ) .   With  this   H  l e v e l  

output  and  the  synchron iz ing   s igna l   from  the  o s c i l l a t o r   PO1  a n d  t h e  

H  level   output  of  the  AND  gate  A2,  the  AND  ga te   A4  genera tes   a  p u l s e  

output  which  is  s i m i l a r   to  that   shown  in  Figure  (12).  By  this   p u l s e  

s ignal   the  output   of  the  Q  te rminal   of  the  f l i p - f l o p   c i r c u i t   FF1  i n  

the  func t ion   d i s c r i m i n a t i n g   c i r c u i t   11  is  set  at  H  l eve l .   However, 

since  no  clock  s igna l   is  t r a n s m i t t e d   from  the  NOR  gate  NR5  to  the  CP 

terminal   of  the  f l i p - f l o p   c i r c u i t   FF2,  the  output  of  the  Q  t e r m i n a l  

remains  at L  l eve l   as  shown  in  Figure  (15):  After   lapse  of  a  p r e d e t e r -  

mined  time  the  output   of  the  Q  t e rmina l   of  the  monostable  m u l t i v i b r a t o r  

MM1  in  the  timer  c i r c u i t  9   becomesL  l eve l   as  shown  in  Figure  ( 6 ) ,  

and  the  output  of  the  Q  t e rmina l   becomesH  l e v e l .   The  outputs  of  t h e  

AND  gates  A2  and  As  become  L and  H  l eve l s   r e s p e c t i v e l y   as  shown  i n  

F igures (8)   and  (9).  In  the  opera t ing   l eve l   changeover  c i r c u i t   10,  

the  t r a n s i s t o r   T1  stops  conducting  and  the  t r a n s i s t o r   T2  become  c o n d u c t i v e ,  

thus  the  ope ra t ing   l eve l   of  the  comparator  CM  in  the  comparison  p a r t  

3  becomes  the  lower  level   L2  of  the  normal  l eve l   range.  Under  t h i s  

cond i t ion ,   the  output   of  the  amp l i f i e r   AM  in  the  l i g h t   r ece iv ing   p a r t  

2,  if  genera ted ,   is  above  the  level   L2,  and  t h e r e f o r e   the  output  of  t h e  

comparator  CM  becomes  the  L  level   as  shown  in  Figure  (12 ' ) .   When 

the  output  of  the  monostable  m u l t i v i b r a t o r   MM2  in  the  timer  c i r c u i t  

9  become  L  level   as  shown  in  Figure  (7)  a f t e r   lapse  of  a  p r e d e t e r m i n e d  



t ime,  t h i s   L  l eve l   output   and  the  L  l eve l   output  of  the  NOT gate  N4 

in  the  f u n c t i o n   d i s c r i m i n a t i n g   c i r c u i t   11  cause  the  NOR  gate  NR5  t o  

g e n e r a t e   the  clock  s i g n a l   c  as  shown  in  Figure  (16).  With  th i s   s i g n a l  

c  the  f l i p - f l o p   c i r c u i t   FF2  has  the  H  level   output   shown  in  F i g u r e  

(15)  at  the  Q  t e r m i n a l .   With  t h i s   H  leve l   output   and  the  H  leve l   o u t p u t  
shown  in  Figure   (17)  of  the  NOR  gate  NR7  of  the  l a t ch   Lt3  which  i s  

se t   by  the  c lock  s i gna l   c,  the  normal  s igna l   shown  in  Figure  (2)  i s  

sent   to  the  l i ne s   11,  12  through  the  s igna l   gene ra t i ng   c i r c u i t   5  and 

the  s i g n a l   t r a n s m i s s i o n   c i r c u i t  6 .   As  the  s igna l   r e c e i v i n g   c i r c u i t  

7  r e c e i v e s   from  the  c o n t r o l   panel   the  r e se t   s igna l   P2  shown  in  F i g u r e  

(2),   each  par t   of  the  f i r e   d e t e c t o r   r e t u r n s   to  i t s   o r i g i n a l   s t a t e  

in  the  same  manner  as  the  l i g h t   s c a t t e r i n g   type  smoke  d e t e c t o r .  

Ope ra t i on   of  each  par t   at  the  time  of  the  t e s t   in  case  the  output  o f  

the  l i g h t   r e c e i v i n g   element  SB  in  the  l i g h t   r e c e i v i n g   element  2  h a s  

i n c r e a s e d   due  to  i n f l u e n c e   of  the  e x t e r n a l   l i g h t   and  the  output  o f  

the  a m p l i f i e r   AM  has  exceeded  the  upper  l eve l   L1  of  the  n o r m a l  l e v e l  

range  only  d i f f e r s   in  F igure   (11)  showing  the  output  of  the  a m p l i f i e r  

AM  and  Figure   (12)  showing  the  output   of  the  comparator   CM  in  the  com- 

p a r i s o n   p a r t  3   as  compared  with  the  time  char t ,   Figure   5  (A)  for  t h e  

embodiment  shown  in  Figure   1.  There fo re ,   only  these  d i f f e r e n t   o u t p u t s  

shown  in  F igures   (11),  (12)  are  e x t r a c t e d   and  i n d i c a t e d   at  the  lower  

par t   of  Figure  5  (A)  as  Figure  (B)  (11 ' ) ,   ( 1 2 ' ) .  

Now,  o p e r a t i o n   of  the  embodiment  is  descr ibed   with  r e f e r e n c e   to  F i g u r e  

5  (A)  but  (11),  (12),  and  to  Figures   (B)  ( I I ' ) ,   ( 1 2 ' ) .   With  the  t e s t  

s t a r t   s igna l   P1  shown  in  Figure   (2)  the  s igna l   r e c e i v i n g   c i r c u i t   7 

g e n e r a t e s   a  pulse  ou tput   Pl '   shown  in  Figure  (3)  in  i t s   output  l i n e  

d,  but  the  r e se t   s i g n a l   g e n e r a t i n g   c i r c u i t  8   does  not  genera te   a  c l e a r  

s i g n a l   due  to  the  narrow  pulse   width.  The  pulse  s i gna l   P1'  s e t s  t h e  

l a t c h   Ltz  formed  by  NOR  gates   NR3,  NR4  in  the  t imer  c i r c u i t  9 .   With 

the  H  l eve l   output   of  the  NOR  gate  NR4  shown  in  F igure   (5),  the  H 

l e v e l   ou tputs   shown  in  F igures   (6),  (7)  appear  on  the  Q  t e r m i n a l s  

of  the  monostable   m u l t i v i b r a t o r s   MM1,  MM2,  and  the  output   of  the  AND 

gate   A2  becomes  H  l e v e l ,   and  the  t r a n s i s t o r   T1  in  the  ope ra t ing   l e v e l  

changeover   c i r c u i t   10  becomes  conduct ive   as  shown  in  Figure  ( 8 ) .  

Thus,  the  o p e r a t i n g   l eve l   of  the  comparator   CM  becomes  the  upper  l e v e l  

L1  of  the  normal  l eve l   range  as  shown  with  the  do t ted   l ine   in  F i g u r e  

( 1 1 ' ) .   Under  this   c o n d i t i o n ,   if  the  output   of  the  a m p l i f i e r   AM  i n  



t h e  l i g h t  r e c e i v i n g   p a r t  2   is  above  t h e  u p p e r   l eve l   L1,  the   c o m p a r a t o r  

CM  in  the  comparison  p a r t  3   has  no  output  as  shown  in  Figure  ( 1 2 ' ) ,  

a n d  t h e   t r a n s i s t o r s   T1,  T2  in   the   ope ra t ing   l e v e l   changeover  c i r c u i t  

10  become  conductive  as  shown  in  Figures  (8),  (9).  There fore ,   even 

if  the  opera t ing   l eve l   of  the  comparator  CM  has  changed  from  the  l e v e l  

L1  to  the  l eve l   L2,  the  comparator  CM  has  no  ou tput .   After   l a p s e  

of  a  predetermined  time  the  output  of  the  Q  t e rmina l   of  the  monos tab le  

m u l t i v i b r a t o r   MM2  becomes  L  level   as  shown  in  F igure   (7).  The  NOR 

gate  NR5  in  the  smoke  de t ec t i ng   func t ion   d i s c r i m i n a t i n g   c i r c u i t   11 

gene ra t e s   the  clock  s igna l   c  shown  in  Figure  (16),  and  the  NOR  g a t e  

NR7  has  the  H level   ou tpu t   as  shown in  -Figure  (17).  The  output  of  t he  

NOR  gate  NRe  in  the  s ignal   t r ansmis s ion   c i r c u i t  6   becomes  L  l e v e l .  

Then,  the  NOR  gate  NR9  genera tes   a  pulse  output  with  frequency  f2  

as  shown  in  Figure  (21)  to  send  the  abnormal  s igna l   to  the  l ines   11,  

lz  as  shown  in  Figure  ( 2 ) .  

Opera t ion  of  each  part   at  the  time  of  the  t e s t  i n   case  the  o u t p u t  

of  the  amp l i f i e r   AM  has  f a l l e n   below  the  l o w e r  l e v e l   L2  of  the  normal 

l eve l   range  due  to  s o i l i n g   of  the  l i gh t   r e ce iv ing   su r f ace   of  the  l i g h t  

r e c e i v i n g   element  SB  in  the  l i gh t   r ece iv ing   p a r t  2   by  dust  only  d i f f e r s  

in  Figure  (11)  showing  the  output  of  the  a m p l i f i e r   AM  and  F i g u r e  

(12)  showing  the  output  of  the  comparator  CM  as  compared  with  t h e  

time  char t ,   Figure  6  (A)  for  the  embodiment  shown  in  Figure  1.  T h e r e f o r e ,  

only  these  d i f f e r e n t   outputs   shown  in  Figures  (11),  (12)  are  e x t r a c t e d  

and  i n d i c a t e d   at  the  lower  part   of  Figure  6  (A)  as  Figures(B)   ( 1 1 ' ) ,  

( 1 2 ' ) .  

Now,  ope ra t ion   of  the  embodiment  is  descr ibed   with  r e f e r e n c e   to  F i g u r e  

6  (A)  but  (11),  (12),  and  to  Figures   (B)  (11 ' ) ,   ( 1 2 ' ) .   With  the  t e s t  

s t a r t   s igna l   P1  shown  in  Figure  (2)  the  s ignal   r e c e i v i n g   c i r c u i t   7 

gene ra t e s   a  pulse  output  P1'  with  narrow  width  shown  in  Figure  (3) 

in  i t s   output  l ine  d,  but  the  r e se t   s ignal   gene ra t i ng   c i r c u i t  8   does 

not  genera te   a  clear   s i gna l .   The  la tch   Ltz  formed  by  NOR  gates  NR3, 

NR4  is  se t .   With  the  H  l eve l   output  of  the  NOR  gate  NR4  shown  i n  

Figure  (5)  the  H  level   outputs   shown  in  Figures  (6),  (7)  appear  on 

the  Q  te rminals   of  the  monostable  m u l t i v i b r a t o r s   MM1, MM2,  and  t h e  

output   of  the  AND  gate  A2  becomes  H  l eve l ,   and  the  t r a n s i s t o r   T1 

in  the  opera t ing   level   changeover  c i r c u i t   10  becomes  conduct ive   as  

shown  in  Figure  (8).  Thus,  the  opera t ing   level   of  the  compara tor  



CM  becomes  the  upper  level   L4  of  the  normal  l eve l   range  as  shown  w i t h  

the  do t t ed   l i n e   in  Figure   (11 ' ) .   If  the  output   of  the  a m p l i f i e r  

AM  in  the  l i g h t   r e c e i v i n g   p a r t  2   is  below  the  lower  l eve l   L2  of  t h e  

normal  l e v e l   range  at  th is   time,  the  comparator   CM  has  no  L  l e v e l  

output   but  the  H  l eve l   output  as  shown  in  Figure  ( 12 ' ) .   With  t h i s  

H  l eve l   ou tpu t   the  AND  gate  A4  in  the  f u n c t i o n   d i s c r i m i n a t i n g   c i r c u i t  

11  g e n e r a t e s   a  pu lse   output   s imi l a r   to  tha t   shown  in  Figure  ( 1 2 ) .  

This  pu l se   ou tpu t   se t s   the  output  of  the  Q  t e rmina l   of  the  f l i p - f l o p  

c i r c u i t   at  H  l e v e l   as  shown  in  Figure  (14),  but  the  output   of  t h e  

Q  t e rmina l   of  the  f l i p - f l o p   c i r c u i t   FF2  remains  at  L  level   b e c a u s e  

no  clock  s i g n a l   is  t r a n s m i t t e d   to  the  CP  t e rmina l   of  the  f l i p - f l o p  

c i r c u i t   FF2.  Under  th i s   cond i t ion ,   the  t r a n s i s t o r   T2  soon  becomes 

conduc t ive   in  p lace   of  the  t r a n s i s t o r   T1  as  shown  in  Figure  ( 9 ) ,  

and  the  o p e r a t i n g   l eve l   of  the  comparator   CM  changes  to  the  l e v e l  

L2  as  shown  in  F igure   (11 ' ) .   In  th is   case,  too,  the  output   of  t h e  

comparator   CM  is  at  H  l eve l ,   with  which  the  AND  gate  A5  and  OR  g a t e  

R1  s u c c e s s i v e l y   g e n e r a t e   H  level   ou tpu ts   to  the  R  t e rmina l   of  t h e  

f l i p - f l o p   c i r c u i t   FF1,  the  Q  output  of  which  becomes  the  L  l e v e l  

as  shown  in  F igure   (14).  After   lapse  of  a  p rede te rmined   time  a s  

the  ou tpu t   of  the  Q  t e rmina l   of  the  monos tab le   m u l t i v i b r a t o r   MM2 

becomes  L  l e v e l   as  shown  in  Figure  (7),  and  the  NOR  gate  NR5  in  t h e  

func t i on   d i s c r i m i n a t i n g   c i r c u i t   11  g e n e r a t e s   the  clock  s igna l   c  a s  

shown  in  F igure   (16),  the  l a tch   Lt3  formed  by  NOR  gates  NR6,  NR7 

is  se t .   Then,  the  NOR  gate  NR7  has  a  H  l eve l   output   as  shown  i n  

Figure  (17),   and  the  abnormal  s igna l   is  t r a n s m i t t e d   to  the  c o n t r o l  

panel  through  the  s i g n a l   t r a n s m i s s i o n   c i r c u i t  6   and  the  l i n e s   11,  

12  in  the  same  manner  as  descr ibed   wi th   regard   to  F igure   6  (A)  for  t h e  

l i g h t   s c a t t e r i n g   type  smoke  d e t e c t o r .  

Opera t ion   of  t he  smoke  de tec to r   when  i t s   s igna l   r e c e i v i n g   c i r c u i t  7  

has  r e c e i v e d   the  r e s e t   s igna l   P2  from  the  c o n t r o l   panel   a f t e r   the  t e s t  

in  case  the  ou tpu t   of  the  a m p l i f i e r   AM  exceeded  the  upper  l eve l   L 1  

of  the  normal  l eve l   range  and  f a l l e n   below  the  lower  l eve l   L2,  and 

o p e r a t i o n   of  the  c o n t r o l   panel  when  t e s t e d   with  the  t e s t   s t a r t   s i g n a l  

from  the  c o n t r o l   panel   are  same  as  in  the  case  of  the  l i g h t   s c a t t e r i n g  

type  smoke  d e t e c t o r .  

In  the  both  cases  of  the  l i g h t   s c a t t e r i n g   type  and  l i g h t   e x t i n c t i o n  

type  smoke  d e t e c t o r s ,   if  there   is  a  t r o u b l e   in  the  d e t e c t o r   c i r c u i t  



or  i n t e r r u p t i o n   of  the  l ines   11,  12,  and  ne i t he r   normal  s igna l   no r  

abnormal  s ignal   from  the  d e t e c t o r   reaches  the  cont ro l   panel  d e s p i t e  

the  lapse  of  the  opera t ing   time  of  the  timer  T  a f t e r   the  t e s t   s t a r t  

s igna l   is  sent  from  the  con t ro l   panel  shown  in  Figure  2,  the  t i m e r  

T  opera tes   and  closes  i t s   con tac t   t  to  opera te   the  t r oub l e   i n d i c a t o r  

lamp  La4,  by  which  i t   is  p o s s i b l e   to  know  the  t roub le   in  the  d e t e c t o r  

c i r c u i t   or  l i nes   11,  12 .  

In  the  above  embodiments,  the  d e s c r i p t i o n s   are  made  with  r e spec t   t o  

such  cases  that   the  smoke  d e t e c t o r   and  the  con t ro l   panel  are  c o n n e c t e d  

by  two  l ines   which  are  commonly  used  as  power  supply  l i nes   and  s i g n a l  

l i n e s .   However,  in  Figures   1  and  7  the  te rminal   on  the  r i gh t   s i d e  

of  the  vo l t age   s t a b i l i z i n g   c i r c u i t   CV  may  be  d i sconnec ted   from  t h e  

l ine   11  and  connected  with  a  th i rd   l ine   13  which  is  e x c l u s i v e l y   used  

for  power  supply  so  that   the  power  supply  l ines   may  be  s e p a r a t e d  

from  the  s igna l   l ines   to  avoid  i n f l u e n c e   of  the  pulse  s i gna l   w i d t h  

upon  the  vo l tage   s t a b i l i z i n g   c i r c u i t   and  to  get  a  l a r g e r   S/N  r a t i o .  

As  can  be  seen  from  the  above  d e s c r i p t i o n ,   the  p h o t o e l e c t r i c   type  smoke 

d e t e c t o r   equipped  with  smoke  d e t e c t i n g   func t ion   t e s t   means  a c c o r d i n g  

to  this   i nven t ion   has  such  as  advantage  that  with  proper  c o m p o s i t i o n  

it   is  capable  of  a u t o m a t i c a l l y ,   r e a d i l y   and  p r e c i s e l y   checking,   on  t h e  

bas is   of  the  s igna l   sent  from  the  con t ro l   panel  through  the  l i n e s  

connect ing   the  smoke  d e t e c t o r   with  the  cont ro l   panel,   whether  the  o u t p u t  

of  the  d e t e c t o r   is  wi th in   the  normal  level   range  which  cause  no  f a l s e  

alarm,  alarm  f a i l u r e   nor  delayed  alarm,  i . e .   an  important   f u n c t i o n  

of  th is   type  of  d e t e c t o r ,   and  of  r e p o r t i n g   to  the  con t ro l   panel  on 

r e s u l t s   of  the  tes t   through  the  same  l i n e s .  

4.  Brief  D e s c r i p t i o n   of  Drawings 

Figures   1  and  7  are  c i r c u i t   diagrams  of  embodiments  of  the  l i g h t  

s c a t t e r i n g   type  and  l i g h t   e x t i n c t i o n   type  smoke  d e t e c t o r s   e q u i p p e d  

with  smoke  d e t e c t i n g   func t ion   t e s t   means  according  to  th is   i n v e n t i o n .  

Figure  2  is  a  c i r c u i t   diagram  of  a  con t ro l   panel  which  is  common 

to  these  two  embodiments.  F igures   3  through  6  are  time  cha r t s   showing 

opera t ing   s t a t u s   of  each  par t   of  the  embodiments  shown  with  F i g u r e s  

1  and  7  in  d i f f e r e n t   casses ,   i . e .   Figure  3  (A)  is  the  one  for  t h e  

embodiment  of  Figure  1  in  normal  cond i t ion   and  in  case  of  f i r e ,   F i g u r e  
4  (A)  is  the  one  at  the  time  of  t es t   while  the  output  of  the  embodiment 



shown  in  F igure   1  is  wi th in   the  normal  l eve l   range,  and  Figures   5 

(A)  and  6  (A)  are  the  ones  at  the  time  of  t e s t s   in  the  cases  that   t h e  

output   of  the  embodiment  shown  in  Figure  1  is  below  the  lower  l i m i t  

and  above  the  upper  l i m i t   of  the  normal  l e v e l - r a n g e .   Figures  3  (B) 

through  6  (B)  shown  only  ou tputs   (11')   and  (12')   of  a m p l i f i e r   AM 

and  compara tor   CM  r e s p e c t i v e l y   which  d i f f e r   from  those  shown  in  F i g u r e s  

3  (A)  through  6  (A)  in  the  time  char t s   co r re spond ing   to  Figures   3 

(A)  through  6  (A)  of  the  embodiment  shown  with  Figure  7.  

1  . . . . . . . . . . . . . . . . . .   Light  emi t t ing   p a r t  
2  . . . . . . . . . . . . . . . . . .   Light  r e c e i v i n g   p a r t  
3  . . . . . . . . . . . . . . . . . .   Comparison  p a r t  
4  . . . . . . . . . . . . . . . . . .   Fire   d i s c r i m i n a t i n g   p a r t  
5  . . . . . . . . . . . . . . . . . .   Signal   g e n e r a t i n g   p a r t  
6  . . . . . . . . . . . . . . . . . .   Signal  t r a n s m i s s i o n   c i r c u i t  

7  . . . . . . . . . . . . . . . . . .   Signal  r e c e i v i n g   c i r c u i t  

8  . . . . . . . . . . . . . . . . . .   Reset  s igna l   g e n e r a t i n g   c i r c u i t  

9  . . . . . . . . . . . . . . . . . .   Timer  c i r c u i t  

10  . . . . . . . . . . . . . . . . . .   Operat ing  l eve l   changeover  c i r c u i t  

11  . . . . . . . . . . . . . . . . . .   Smoke  d e t e c t i n g   func t ion   d i s c r i m i n a t i n g  

c i r c u i t  



1.  A  p h o t o e l e c t r i c   smoke  d e t e c t o r   equipped  with  smoke  d e t e c t i n g  

func t ion   tes t   means  which  is  c h a r a c t e r i z e d   in  that   an  o p e r a t i n g  

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

i n a t i n g   c i r c u i t   are  provided  to  a u t o m a t i c a l l y   changeover ,   w i t h  

t e s t   s t a r t   s igna l   from  a  con t ro l   panel ,   the  o p e r a t i n g   l eve l   from 

the  f i r e   l eve l   to  the  upper  and  lower  l eve l   of  the  normal  l e v e l  

range  of  the  r ece ived   l i g h t   w i th in   which  no  f a l se   alarm,  a l a r m  

f a i l u r e   nor  delayed  alarm  is  caused,  and  to  send  a  normal  s i g n a l  

to  the  con t ro l   panel  when  the  l i g h t   r ece ived   is  w i th in   the  normal  

level   range,  and  an  abnormal  s igna l   to  the  con t ro l   panel  when 

the  l i gh t   rece ived   is  out  of  the  normal  l eve l   r a n g e .  

2.  A  p h o t o e l e c t r i c   smoke  d e t e c t o r   equipped  with  smoke  d e t e c t i n g  

func t ion   tes t   means  as  set  fo r th   in  Claim  1  wherein  changeove r  

of  the  ope ra t ing   level   is  done  by  changeover  of  another   i n p u t  

value  having  the  e q u i v a l e n t   ope ra t ing   level  to  that  uf  the  compara to r  

to  the  input  side  of  which  the  output  of  the  rece ived   l i g h t   i s  

a p p l i e d .  

3.  A  p h o t o e l e c t r i c   smoke  d e t e c t o r   equipped  with  smoke  d e t e c t i n g  

funct ion   tes t   means  as  set   fo r th   in  Claim  1  wherein  the  normal  

s ignal   and  abnormal  s i g n a l   are  d i s c r i m i n a t e d   by  d i f f e r e n c e   i n  

pulse  f r equenc ies   of  the  pulse   s i g n a l s .  
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