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(5)  An  improved  fire  detection  system. 

A  monitoring  system  for  detecting  fire  or  other  elevated 
temperature  conditions  in  a  plurality  of  discrete  zones  Z1,  Z2, 
Z3,  etc.  comprises  a  loop  box  1  which  has  two  pairs  of  termi- 
nals  A  and  B  to  each  of  which  is  connected  one  end  of  a  pair 
of  conductors  of  a  linear  temperature  detector  cable  passing 
through  each  of  the  discrete  zones.  Adjacent  zones  are  sec- 
tionalised  by  zone  boxes  9,  each  of  which  comprises  a  pair  of 
balanced  resistors,  one  resistor  connected  in  series  in  one 
conductor  of  the  loop  and  the  other  resistor  being  connected 
in  series  in  the  other  conductor.  The  loop  box  1  has  a  con- 
stant  current  generator  2  which  can  be  connected  via  an  elec- 
tronic  switch  3  to  either  the  A  or  B  end  of  the  loop  4;  an 
electronic  switch  5  which  connects  one  of  two  fixed  resistors 
6  directly  across  the  two  conductors  of  the  loop  at  the  oppo- 
site  end  to  that  to  which  the  generator  2  is  connected;  and  an 
electronic  switch  7  which  connects  a  voltage  measuring  cir- 
cuit  8  onto  the  terminals  of  the  loop  to  which  the  generator  2 
is  connected.  Electronic  switches  3,  5  and  7  are  operated  by 
control  circuits  10  whose  output  signals  are  fed  to  a  display 
device  11,  which  shows  if  the  system  is  operating  normally, 
identifies  the  nature  of  any  abnormalities  and  indicates  any 
discrete  zone  in  which  there  is  a  short  circuit  caused  by  a  fire, 
and  to  external  alarms. 





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

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

In  an  e l e c t r i c   p o w e r   s t a t i o n ,   f a c t o r y   or   o t h e r  

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

or   at  l e a s t   one  b u i l d i n g   w h i c h ,   f o r   t he   p u r p o s e s   of   f i r e  

p r e v e n t i o n ,   i s   d i v i d e d   i n t o   a  p l u r a l i t y   of  d i s c r e t e   z o n e s   b y  

f i r e   w a l l s ,   f i r e   d o o r s   or   o t h e r   m e a n s ,   i t   i s   t h e   g e n e r a l  

p r a c t i c e   to  e m p l o y   a  s y s t e m   of   f i r e   d e t e c t i o n   known  as  a  

' z o n e d '   s y s t e m . ,   In  a  ' z o n e d '   s y s t e m ,   e a c h   d i s c r e t e   zone   o r  

e a c h   b u i l d i n g   c o n s t i t u t i n g   a  d i s c r e t e   zone   has   i t s   own  

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

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

f o r   t he   d e t e c t i o n   of   a  c h a n g e   in  a  c h a r a c t e r i s t i c   o f   t h e   c a b l e  

when  t he   c a b l e   i s   e x p o s e d   to  l o c a l i s e d   h e a t i n g   s u c h   as  may  

o c c u r   in  t he   e v e n t   of  a  f i r e .   Each  t e r m i n a l   box  i s   l o c a t e d  

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

of  s u c h   a  f o r m   t h a t   i t   w i l l   w i t h s t a n d   e x p o s u r e   to  f i r e .   S i n c e  

t h e   c i r c u i t r y   of  e a c h   t e r m i n a l   box  must   r e m a i n   a c t i v e   u n d e r  

f i r e   c o n d i t i o n s ,   t h e   box  m u s t   be  s u p p l i e d   w i t h   p o w e r   t h r o u g h  

f i r e - r e s i s t a n t   c a b l e   and  i f ,   as  is  c u s t o m a r y ,   t h e   c i r c u i t r y   o f  



e a c h   t e r m i n a t i o n   box  i s .  c o n n e c t e d   to  a  c e n t r a l   a u d i b l e   a n d / o r  

v i s u a l   a l a r m   s y s t e m ,   f i r e   r e s i s t a n t   c a b l e s   a re   a l s o   r e q u i r e d  

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

in  a  c e n t r a l   c o n t r o l   room  in   w h i c h   is  a l s o   i n s t a l l e d   a  c e n t r a l  

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

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

a  f i r e   has   b e e n   d e t e c t e d .  

S i n c e   e a c h   d i s c r e t e   z o n e   or   b u i l d i n g   c o n s t i t u t i n g   a  

d i s c r e t e   z o n e   h a s  i t s   own  t e r m i n a l   box  and  a s s o c i a t e d   f i r e  

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

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

' z o n e d '   s y s t e m   of   f i r e   d e t e c t i o n   i s   e x p e n s i v e   b o t h   i n   e q u i p m e n t  

and  i n s t a l l a t i o n .   The  n u m b e r   o f   t e r m i n a l   b o x e s   e m p l o y e d  

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

s y s t e m   b e c a u s e   t h e   c h a n c e s   t h a t   t h e   c i r c u i t r y   of  a t   l e a s t   o n e  

of  t h e   t e r m i n a l   b o x e s   may  b e c o m e   f a u l t y ,   so  t h a t   t h e   z o n e   o r  

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

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

d i s c r e t e   zone   c o m p l e t e l y   i n d e p e n d e n t   of  e a c h   of   t h e   o t h e r   z o n e s  

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

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

t h e   v e r y   low  p r o b a b i l i t y   t h a t   f i r e s   in  two  or   more  d i s c r e t e  

z o n e s   or   b u i l d i n g s   may  o c c u r   at  one  and  t h e   same  t i m e . .  

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

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

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

z o n e s ,   w h i c h   s y s t e m   is   l e s s   e x p e n s i v e   and  s u b s t a n t i a l l y   m o r e  

r e l i a b l e   t h a n   ' z o n e d '   f i r e   d e t e c t i o n   s y s t e m s   h i t h e r t o   p r o p o s e d  



and  u s e d .  

A c c o r d i n g   to  t h e   i n v e n t i o n ,   t h e   m o n i t o r i n g   s y s t e m  

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

t h r o u g h   e a c h   of  s a i d   p l u r a l i t y   of   d i s c r e t e   z o n e s   and ,   o v e r   a t  

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

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

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

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

t h e   p a i r   of   c o n d u c t o r s   b e t w e e n   e a c h   a d j a c e n t   p a i r   of   d i s c r e t e  

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

p l u r a l i t y   of   d i s c r e t e   l i n e a r   s e n s o r s   c o n n e c t e d   in  s e r i e s ;  

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

a  l o o p ,   f o r   i n j e c t i n g   a  s i g n a l   i n t o   t he   p a i r   of   c o n d u c t o r s   a n d  

f o r   m e a s u r i n g   t h e   t e r m i n a l   v o l t a g e   of  t h e . l o o p   in  o r d e r   t o  

i d e n t i f y   t h a t   one  of   t h e   l i n e a r   s e n s o r s   w h i c h   has   d e t e c t e d   a n  

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

i t   i s   l o c a t e d ;   and ,   c o n n e c t e d   to  t he   s i g n a l   i n j e c t i n g   a n d  

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

s i g n i f y i n g   t h e   e x i s t e n c e   of   a  f i r e   or   an  u n a c c e p t a b l e   e l e v a t e d  

t e m p e r a t u r e   c o n d i t i o n   a n d / o r   a  d e v i c e   f o r   i n d i c a t i n g   t h e  

d i s c r e t e   zone   in   w h i c h   t h e   f i r e   or   e l e v a t e d   t e m p e r a t u r e  

c o n d i t i o n   has   b e e n   d e t e c t e d .  

By  a  l i n e a r   s e n s o r   i s   mean t   an  e l o n g a t e   t e m p e r a t u r e  

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

c o n d u c t o r s   w h i c h   a r e   e l e c t r i c a l l y   i n s u l a t e d   f rom  one  a n o t h e r  

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

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

and  w h i c h   a re   so  a r r a n g e d   t h a t ,   when  s a i d   i n s u l a t i n g   m a t e r i a l  

m e l t s   at  any  p o s i t i o n   a l o n g   t h e   l e n g t h s   of   t he   e l o n g a t e  



c o n d u c t o r s ,   one   or   e a c h  o f   t h e   c o n d u c t o r s   w i l l   move  i n t o  

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

c i r c u i t -  

P r e f e r a b l y ,   in  t h e   e v e n t   of   a  t e m p e r a t u r e   r i s e  

s u f f i c i e n t   to   c a u s e   t h e   i n s u l a t i n g   m a t e r i a l   s e p a r a t i n g   t h e  

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

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

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

m o n i t o r i n g   s y s t e m   i s   so  u r g e d   t o w a r d s   t h e   o t h e r   c o n d u c t o r   a n d /  

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

m e t a l   o r   m e t a l   a l l o y   t h a t   t h e   e l e c t r i c a l   r e s i s t a n c e   o f   t h e  

e l e c t r i c a l   c o n t a c t   at   t h e   s h o r t   c i r c u i t   b e t w e e n   t h e   t w o  

c o n d u c t o r s   w i l l   be  s u b s t a n t i a l l y   z e r o .  

P r e f e r a b l y ,   a l s o ,   t h e   p a i r   of   e l o n g a t e   e l e c t r i c  

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

p a r t   of   an  e l e c t r i c   c a b l e ,   a  p r e f e r r e d   c a b l e   b e i n g   t h e   l i n e a r  

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

S p e c i f i c a t i o n   of   o u r   P a t e n t   No.  1 4 6 1 7 6 9 .  

One  o r   e a c h   end   of   t h e   p a i r   of   e l o n g a t e   c o n d u c t o r s  

c o n s t i t u t i n g   t h e   l o o p   may  be  d i r e c t l y   c o n n e c t e d   to   t h e   m e a n s  

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

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

be  i n d i r e c t l y   c o n n e c t e d   to   one  or   e a c h   end  of  t h e   p a i r ,   or   t o  

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

c a b l e   or  o t h e r   n o n - s e n s i n g   c a b l e .   In  some  c i r c u m s t a n c e s ,  

a d j a c e n t   d i s c r e t e   z o n e s   of   t h e   l o o p ,   f o r   e x a m p l e   w h e r e   t h e  

z o n e s   a r e   p h y s i c a l l y   s p a c e d   a  l o n g   d i s t a n c e   a p a r t ,   may  b e  

i n t e r c o n n e c t e d   by  f i r e - r e s i s t a n t   c a b l e   or  o t h e r   n o n - s e n s i n g  



c a b l e   c o n n e c t e d   in  s e r i e s   in  t h e   l o o p .   Such  i n t e r c o n n e c t i n g  

n o n - s e n s i n g   c a b l e s   may  t h e m s e l v e s   be  r e g a r d e d   as  s e p a r a t e   z o n e s  

or   t h e y   may  be  i n c l u d e d   in  a  d i s c r e t e   z o n e .   As  n o n - s e n s i n g  

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

r e s i s t a n t   c a b l e .  

P r e f e r a b l y ,   b u t   no  n e c e s s a r i l y ,   t he   means   f o r  

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

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

c e n t r a l   s t a t i o n   t h a t   i s   r e m o t e   f r o m   t h e   d i s c r e t e   z o n e s   so  t h a t  

no  a c t i v e   c i r c u i t r y   i s   w i t h i n   t h e   d i s c r e t e   z o n e s .  

Each   means   f o r   s e c t i o n a l i s i n g   t he   l e n g t h   of  t he   p a i r  

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

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

b a l a n c e d   r e s i s t o r s ,   one  r e s i s t o r   of   t h e   p a i r   of   r e s i s t o r s   b e i n g  

c o n n e c t e d   in   s e r i e s   in  one  of   s a i d   p a i r   of  c o n d u c t o r s   and  t h e  

o t h e r   r e s i s t o r   of  t he   p a i r   b e i n g   c o n n e c t e d   in  s e r i e s   in   t h e  

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

The  means   f o r   i n j e c t i n g   a  s i g n a l   i n t o   t he   p a i r   o f  

c o n d u c t o r s   i s   p r e f e r a b l y   a  c o n s t a n t   c u r r e n t   s o u r c e .   A  c o n s t a n t  

d i r e c t   c u r r e n t   s o u r c e   may  be  e m p l o y e d   b u t   p r e f e r a b l y   a  c o n s t a n t  

a l t e r n a t i n g   c u r r e n t   s o u r c e   i s   u s e d .   In  t he   p r e f e r r e d  

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

is   e m p l o y e d ,   e . g .   a  s o u r c e   h a v i n g   a  f r e q u e n c y   in  t he   r a n g e   3 0  

to  70  c / s ,   b e c a u s e   t r a n s m i s s i o n   l i n e   a f f e c t s   a r e   s u b s t a n t i a l l y  

r e d u c e d   and  s t a n d a r d   low  f r e q u e n c y   t y p e   t r a n s f o r m e r s   can   b e  

u s e d   as  i s o l a t i n g   e l e m e n t s .  

Where  a  m o n i t o r i n g   s y s t e m   is   to  be  e m p l o y e d   in  a n  

e s t a b l i s h m e n t   t h a t ,   on  a c c o u n t   of   i t s   s i z e   a n d / o r   d i s t r i b u t i o n ,  

i s   c o n v e n i e n t l y   d i v i d e d   i n t o   a  m u l t i p l i c i t y   of  d i s c r e t e   z o n e s ,  



p r e f e r a b l y   t he   m o n i t o r i n g   s y s t e m   c o m p r i s e s   two  or   more  t h a n  

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

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

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

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

and  a  m a s t e r   c o n t r o l l e r   w h i c h   c o n t r o l s   e a c h   o f   s a i d   means   a n d  

w h i c h   i s   c o n n e c t e d   to  an  a u d i b l e   a n d / o r   v i s u a l   a l a r m   f o r  

s i g n i f y i n g   the   e x i s t e n c e   of   a  f i r e   or   an  u n a c c e p t a b l e   e l e v a t e d  

t e m p e r a t u r e   c o n d i t i o n   a n d / o r   a  d e v i c e   f o r   i n d i c a t i n g   t h e  

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

c o n d i t i o n   has   b e e n   d e t e c t e d ,   t h e   a l a r m   a n d / o r   d e v i c e   b e i n g  

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

As  in  t he   m o n i t o r i n g   s y s t e m   c o m p r i s i n g   a  s i n g l e   l o o p ,  

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

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

t h e   m a s t e r   c o n t r o l l e r   may  be  h o u s e d   at  a  c e n t r a l   s t a t i o n   t h a t  

i s   r e m o t e   f r o m   t he   d i s c r e t e   z o n e s   so  t h a t   no  a c t i v e   c i r c u i t r y  

i s   w i t h i n   t h e   d i s c r e t e   z o n e s .  

The  i n v e n t i o n  i s   f u r t h e r   i l l u s t r a t e d ,   by  a  

d e s c r i p t i o n ,   by  way  of   e x a m p l e ,   of   a  p r e f e r r e d   f o r m   o f  

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

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

s y s t e m .  

R e f e r r i n g   to  t h e   d r a w i n g ,   t h e   m o n i t o r i n g   s y s t e m  

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

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

g e n e r a t o r   2,,  e l e c t r o n i c   s w i t c h e s   3,  5  and  7,  f i x e d   r e s i s t o r s  

6,  and  a  v o l t a g e   m e a s u r i n g   c i r c u i t   8.  The  c o n s t a n t   c u r r e n t  



g e n e r a t o r   2  i s   s e t   to  g i v e   1  mA  f o r   any  l o a d   r e s i s t a n c e   f r o m  

0  to  12  k i l o - o h m s ;   t h e   o p e n   c i r c u i t   o u t p u t   v o l t a g e   of   t h e  

g e n e r a t o r   i s   15  v o l t s .   The  l o o p   box  1  has   two  p a i r s   o f  

t e r m i n a l s   A  and  B  to  e a c h   o f   w h i c h   i s   c o n n e c t e d   one  end  of   t h e  

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

d e s c r i b e d   and  c l a i m e d   in  o u r   P a t e n t   No.  1 4 6 1 7 6 9   to  f o r m   a  l o o p  

4,  The  g e n e r a t o r   2  can   be  c o n n e c t e d   v i a   t h e   e l e c t r o n i c   s w i t c h  

3  to  e i t h e r   t he   A  or  B  end  of   t h e   l o o p   4.  The  e l e c t r o n i c  

s w i t c h   5  c o n n e c t s   one  of   t h e   f i x e d   r e s i s t a n c e s   6  d i r e c t l y  

a c r o s s   t h e   two  c o n d u c t o r s   of   t h e   l o o p   at  t he   o p p o s i t e   end  o f  

t h e   l o o p   to  t h a t   to  w h i c h   t h e   g e n e r a t o r   2  i s   c o n n e c t e d .   T h e  

e l e c t r o n i c   s w i t c h   7  c o n n e c t s   t h e   v o l t a g e   m e a s u r i n g   c i r c u i t   8 

o n t o   t h e   t e r m i n a l s   of  t h e   l o o p   to   w h i c h   the   g e n e r a t o r   2  i s  

c o n n e c t e d .  

The  l o o p   4  p a s s e s   t h r o u g h   e l e v e n   d i s c r e t e   z o n e s  

Z1,  Z2,  23,  e t c .   a d j a c e n t   z o n e s   b e i n g   s e c t i o n a l i s e d   by  m e a n s  

of   zone   b o x e s   9,  e a c h   o f   w h i c h   c o m p r i s e s   a  p a i r   of  b a l a n c e d  

r e s i s t o r s ,   one  r e s i s t o r   o f   t h e   p a i r   b e i n g   c o n n e c t e d   in   s e r i e s  

on  one  c o n d u c t o r   of   t h e   l o o p   and  t h e   o t h e r   r e s i s t o r   of   t h e  

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

l o o p .  

In  o r d e r   to  p r o v i d e   f o r   r o u t i n e   c h e c k i n g   of  t h e  

o p e r a t i o n   of  t he   m o n i t o r i n g   s y s t e m ,   in  each   zone   box  9  t w o  

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

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

c h e c k   by  a c t u a t i o n ,   in   t u r n ,   of   e a c h   of  t he   t e s t   s w i t c h e s .  

E l e c t r o n i c   s w i t c h e s   3,  5  and  7  a r e   o p e r a t e d   b y  

c o n t r o l   c i r c u i t s   10  w h o s e   o u t p u t   s i g n a l s   a re   f e d   to  a  d i s p l a y  



d e v i c e   11,  w h i c h   shows   i f   t he   s y s t e m   i s   o p e r a t i n g   n o r m a l l y ,  

i d e n t i f i e s   t h e   n a t u r e   of   any  a b n o r m a l i t i e s   and  i n d i c a t e s   t h e  

l o c a t i o n   of   any  s h o r t   c i r c u i t ,   and  to  e x t e r n a l   a u d i b l e   a n d  

v i s u a l   a l a r m   d e v i c e s . .  

The  s t a t u s   of   t h e   l o o p   4  is   d e t e r m i n e d   by  t h e  

v o l t a g e s   a p p e a r i n g   at   t he   l o o p   t e r m i n a l s   A  and  B  u n d e r   t h e  

v a r i o u s   modes   of   o p e r a t i o n .   When  t h e   s y s t e m   i s   n o r m a l   t h e  

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

o u t p u t   m u l t i p l i e d   by  t h e   known  t o t a l   r e s i s t a n c e   of  t he   l o o p .  

( i )   I n s u l a t i o n   R e s i s t a n c e   C h e c k  

For   t h e   p u r p o s e s   of   an  i n s u l a t i o n   r e s i s t a n c e   c h e c k ,  

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

v o l t a g e ,   b u t   n o t   as  low  as  w o u l d   o c c u r   i f   a  z o n e   was  s h o r t  

c i r c u i t e d ,   w i l l   a c t u a t e   an  "INSULATION  FAULT"  i n d i c a t o r   i n   t h e  

d i s p l a y   d e v i c e   1 1 .  

( i i )   C o n t i n u i t y   C h e c k  

For   t h e .  p u r p o s e s   of   a  c o n t i n u i t y   c h e c k ,   v o l t a g e s  

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

a c t u a t e   en  "OPEN  CIRCUIT"  i n d i c a t o r   in   t h e   d i s p l a y   d e v i c e   1 1 .  

( i i i )   I d e n t i f i c a t i o n   of  a  S h o r t   C i r c u i t e d   Z o n e  

I f   t h e   v o l t a g e   l e v e l   f a l l s   b e l o w   t h e   v o l t a g e   l e v e l  

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

e x i s t e n c e   of   a  s h o r t   c i r c u i t   i s   s u s p e c t e d .   The  zone   in  w h i c h  

t h e   s h o r t   c i r c u i t   i s   l o c a t e d   i s   d e t e r m i n e d   by  c a l c u l a t i n g   t h e  

n u m b e r   of   z o n e   b o x e s   9  t h r o u g h   w h i c h   t h e   c u r r e n t   w o u l d   have   t o  

p a s s   to  p r o d u c e   t h e   m e a s u r e d   t e r m i n a l   v o l t a g e .   Fo r   e x a m p l e ,  

i f   a  c u r r e n t   of   1  mA  is   i n j e c t e d   at  t e r m i n a l   A  and  e a c h   z o n e  

box   9  h a s   a  t o t a l   r e s i s t a n c e   of   1  kΩ,  t h e n   a  s h o r t   c i r c u i t   i n  



zone   Z4  w i l l   p r o d u c e   a  t e r m i n a l   v o l t a g e   at  A,  in  t h e   r a n g e   3 - 4  

v o l t s  -   d e p e n d i n g   on  t h e   c a b l e   r e s i s t a n c e s   in  z o n e s   Z1,  Z2,  a n d  

Z3.  An  i n d i c a t o r   on  t h e   d i s p l a y   d e v i c e   11  shows   in  w h i c h   z o n e  

t h e   s h o r t   c i r c u i t   i s   l o c a t e d .  

For   t h e   p u r p o s e s   o f : -  

( i v )   c o n f i r m a t i o n   of  a  s h o r t   c i r c u i t e d   d i s c r e t e  

z o n e ,   a n d  

(v)  o p e r a t i o n   when  t h e   l o o p   is   b r o k e n   or  when  a  

d i s c r e t e   z o n e   i s   s h o r t   c i r c u i t e d ,  

t h e   c o n t r o l   c i r c u i t s   10  a r e   a r r a n g e d   to  o p e r a t e   t he   e l e c t r o n i c  

s w i t c h e s   3,  5  and  7 .  

( i v ) -   C o n f i r m a t i o n   of  a  s h o r t   c i r c u i t e d   z o n e  

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

zone   can   be  e a s i l y   e f f e c t e d   by  s w i t c h i n g   t h e  c u r r e n t   g e n e r a t o r  

2  and  v o l t a g e   m e a s u r i n g   c i r c u i t   8  to  t h e   o p p o s i t e   end  of  t h e  

l o o p   4  ( p r o v i d e d   t he   l o o p   i s   u n b r o k e n ) .   R e f e r r i n g   to  t h e  

e x a m p l e   q u o t e d   a b o v e ,   t h e   s h o r t   c i r c u i t   in  zone   Z4  w i l l   p r o d u c e  

a  t e r m i n a l   v o l t a g e   at  B  in  t h e   r a n g e   of  7-8   v o l t s -   The  c o n t r o l  

c i r c u i t   10  is  d e s i g n e d   so  t h a t   7 -8   v o l t s   m e a s u r e d   at  t e r m i n a l  

B  o p e r a t e s   t he   same  i n d i c a t o r   as  3-4   v o l t s   m e a s u r e d   at  t e r m i n a l  

A.  

In  t he   u n l i k e l y   e v e n t   of   t h e   s i m u l t a n e o u s   o c c u r r e n c e  

of  s h o r t   c i r c u i t s   in  d i f f e r e n t   z o n e s   t h e   c o n f i r m a t o r y   t e s t  

c a n n o t   be  a p p l i e d   and  t h e   i n d i c a t i o n s   o b t a i n e d   at  t e r m i n a l s   A 

and  B  w i l l   be  d i f f e r e n t  -   e a c h   t e r m i n a l   o n l y   " s e e i n g "   t he   s h o r t  

c i r c u i t   n e a r e s t   to  i t .  

(v)  O p e r a t i o n   when  t he   l o o p   is   b r o k e n ,   or  a f t e r   t h e  

o c c u r r e n c e   of   a  s h o r t   c i r c u i t  

S i n c e   b o t h   e n d s   of   t he   l o o p   4  a re   b r o u g h t   i n t o   t h e  



l o o p   box   1,  i t   i s   p o s s i b l e   to  p r o v i d e   l i m i t e d   o p e r a t i o n   o f   t h e  

a l a r m   s y s t e m   a f t e r   a  s h o r t   c i r c u i t   has   o c c u r r e d ,   or  when  t h e  

l o o p   c o n t i n u i t y   i s   b r o k e n .   In  t he   c a s e   of   a  s h o r t   c i r c u i t   i t  

i s   p o s s i b l e   to  c h e c k   c o n t i n u i t y   ( t h r o u g h   t h e   s h o r t   c i r c u i t )  

f r o m   b o t h   e n d s   of   t h e   l o o p ,   and  to   d e t e c t   i f   f u r t h e r   s h o r t  

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

r e s i s t a n c e .   In  t h e   e v e n t   of   an  o p e n   c i r c u i t   d e v e l o p i n g   i t   i s  

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

o c c u r   on  e i t h e r   s i d e   of   t h e   b r e a k ,   b u t   t h e   l o o p   c o n t i n u i t y   u p  

to  t h e   b r e a k   p o i n t   c a n n o t   be  c h e c k e d .  

In  a d d i t i o n   to  t h e  c o n t i n u o u s   m o n i t o r i n g   of   t h e  

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

l o o p   b o x   1,  r o u t i n e   c h e c k s   o f   t h e   o p e r a t i o n   of   t h e   t o t a l   s y s t e m  

'can  be  a c h i e v e d   by  o p e r a t i n g   t h e   t e s t   s w i t c h e s   in  t he   z o n e  

b o x e s   9 .  



1.  A  m o n i t o r i n g   s y s t e m   f o r   d e t e c t i n g   f i r e   or  o t h e r  

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

z o n e s ,   c h a r a c t e r i s e d   in  t h a t   t h e   s y s t e m   c o m p r i s e s   a  pa i r   o f  

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

p l u r a l i t y   of   d i s c r e t e   z o n e s   and ,   o v e r   at  l e a s t   t h a t   p a r t   of  t h e  

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

c o n s t r u c t i o n   t h a t   t h e   p a i r   of   c o n d u c t o r s   fo rm  p a r t   of  a  l i n e a r  

s e n s o r   e x t e n d i n g   a l o n g   s a i d   p a r t   of  t h e   l e n g t h   of  t he   p a i r ;  

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

b e t w e e n   e a c h   a d j a c e n t   p a i r   of   d i s c r e t e   z o n e s ,   f o r   s e c t i o n a l i s i n g  

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

s e n s o r s   c o n n e c t e d   in  s e r i e s ;   m e a n s ,   c o n n e c t e d   to  e a c h   end  o f  

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

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

v o l t a g e   of  t h e   l o o p   in  o r d e r   to  i d e n t i f y   t h a t   one  of  t h e   l i n e a r  

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

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

t h e   s i g n a l   i n j e c t i n g   and  v o l t a g e   m e a s u r i n g   m e a n s ,   an  a u d i b l e  

a n d / o r   v i s u a l   a l a r m   f o r   s i g n i f y i n g   t he   e x i s t e n c e   of  a  f i r e   o r  

an  u n a c c e p t a b l e   e l e v a t e d   t e m p e r a t u r e   c o n d i t i o n   a n d / o r   a  d e v i c e  

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

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

2.  A  m o n i t o r i n g   s y s t e m   is   c l a i m e d   in  C l a i m   1 ,  

c h a r a c t e r i s e d   in  t h a t   t h e   means   f o r   i n j e c t i n g   a  s i g n a l   i n t o  

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

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

r e m o t e   f rom  t he   d i s c r e t e   z o n e s .  

3.  A  m o n i t o r i n g   s y s t e m   i s   c l a i m e d   in  C l a i m   1  or  2 ,  

c h a r a c t e r i s e d   in  t h a t   one  or   e a c h   end  of  t h e   p a i r   of  e l o n g a t e  



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

means   at  s a i d   end  of  t he   p a i r ,   i s   i n d i r e c t l y   c o n n e c t e d   to   t h e  

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

and  f o r   m e a s u r i n g   t h e   t e r m i n a l   v o l t a g e   o f ,   t h e   l o o p   by  f i r e -  

r e s i s t a n t   c a b l e   or   o t h e r   n o n - s e n s i n g   c a b l e .  

4.  A  m o n i t o r i n g   s y s t e m   as  c l a i m e d   in  a n y  o n e   of   t h e  

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

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

or   o t h e r   n o n - s e n s i n g   c a b l e   c o n n e c t e d   in  s e r i e s   in  t h e   l o o p .  

5.  A  m o n i t o r i n g   s y s t e m   as  c l a i m e d   in  C l a i m   4 ,  

c h a r a c t e r i s e d   in   t h a t   i n t e r c o n n e c t i n g   n o n - s e n s i n g   c a b l e s   a r e  

r e g a r d e d   as  s e p a r a t e   z o n e s .  

6.  A  m o n i t o r i n g   s y s t e m   as  c l a i m e d   in  a n y  o n e   o f   t h e  

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

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

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

of  b a l a n c e d   r e s i s t o r s ,   one  r e s i s t o r   of  t h e   p a i r   of   r e s i s t o r s  

b e i n g   c o n n e c t e d   in   s e r i e s   in  one  of   s a i d   p a i r   of   c o n d u c t o r s  

and  t h e   o t h e r   r e s i s t o r   of   t h e   p a i r   b e i n g   c o n n e c t e d   in   s e r i e s  

in  t h e   o t h e r   c o n d u c t o r   of  s a i d   p a i r   of  c o n d u c t o r s .  

7.  A  m o n i t o r i n g   s y s t e m   as  c l a i m e d   in   a n y  o n e   of   t h e  

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

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

8.  A  m o n i t o r i n g   s y s t e m   as  c l a i m e d   in   a n y  o n e   of   t h e  

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

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

c u r r e n t   s o u r c e .  

9.  A  m o n i t o r i n g   s y s t e m   as  c l a i m e d   in   a n y  o n e   o f  

C l a i m s   1  to  7,  c h a r a c t e r i s e d   in   t h a t   t he   means   f o r   i n j e c t i n g  

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

c u r r e n t   s o u r c e  h a v i n g   a  f r e q u e n c y   in  t h e   r a n g e   30  to   70  c / s .  



10.  A  m o n i t o r i n g   s y s t e m   as  c l a i m e d   in  a n y  o n e   of   t h e  

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

two  or   more   t h a n   two  s e p a r a t e   l o o p s ,   e a c h   l o o p   c o m p r i s i n g   a  

p l u r a l i t y   of   d i s c r e t e   l i n e a r   s e n s o r s   c o n n e c t e d   in  s e r i e s   a n d  

h a v i n g   i t s   own  means   f o r   i n j e c t i n g   a  s i g n a l   i n t o   t h e   p a i r   o f  

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

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

s a i d   means   and  w h i c h   i s   c o n n e c t e d   to  an  a u d i b l e   a n d / o r   v i s u a l  

a l a r m   f o r   s i g n i f y i n g   t h e   e x i s t e n c e   of   a  f i r e   or  o t h e r  

u n a c c e p t a b l e   e l e v a t e d   t e m p e r a t u r e   c o n d i t i o n   a n d / o r   a  d e v i c e  

f o r   i n d i c a t i n g   the   d i s c r e t e   zone   in  w h i c h   t h e   f i r e   or   o t h e r  

e l e v a t e d   t e m p e r a t u r e   c o n d i t i o n   has   b e e n   d e t e c t e d ,   t h e   a l a r m  

a n d / o r   d e v i c e   b e i n g   c o n n e c t e d   to  a l l   of   s a i d   l o o p s .  
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