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©  Temperature  monitoring  systems. 

A  temperature  monitoring  system,  useful  for  example 
for  detecting  fires,  comprises  a  cable  (10)  having  at  least  two 
conductors  (14,  16)  separated  by  elongate  temperature- 
sensitive  means  having  reactance  (Cs)  and  resistance  (Rs),  at 
least  the  resistance  (Rs)  varying  with  temperature.  A  voltage 
source  (+V)  sends  a  dc.  current  through  a  resistor  (R)  and 
said  resistance  (Rs),  thereby  to  generate  on  a  line  (28)  a  d.c. 
signal  that  is  representative  of  the  value  of  the  resistance 
(Rs).  Switch  means  (22)  is  operative  periodically  to  reverse 

the  direction  of  current  flow  through  the  resistance  (Rs),  the 
frequency  of  operation  being  sufficiently  low  that,  after  the 
change  in  the  signal  that  will  take  place  upon  each  reversal 
due  to  the  cable  reactance  (Cs),  the  signal  will  revert  to  a 
steady  value  before  the  next  reversal.  The  steady  state  of  the 
signal  is  sampled  and  held  (30)  and  compared  (32)  with  a 
reference  value  (fixed  or  variable).  If  the  steady  state  value 
exceeds  the  reference  value,  an  alarm  or  the  like  can  be 
generated. 



This  invention  relates  to  t e m p e r a t u r e   monitoring  systems  and  is 

par t icular ly   concerned   with  the  way  in  which  cables  of  such  systems  a r e  

ene rg i sed .  

A  known  type  of  t empera tu re   monitoring  system,  par t icu lar ly   (but 

not  exclusively)  used  for  detect ing  fires,  includes  a  cable  comprising  two  or 

more  conductors   separa ted   by  elongate  t e m p e r a t u r e - s e n s i t i v e   means  whose 

impedance  varies  with  t empera tu re   and  de tec t ion   means  operat ive  to  

provide  an  output  signal  if  such  impedance  achieves  a  p r ede t e rmined   or 

threshold  value  indicative  of  the  cable  being  at  a  p r e d e t e r m i n e d  

t e m p e r a t u r e .   The  elongate  t e m p e r a t u r e   sensit ive  means  may  for  e x a m p l e  

comprise  polyvinyl  chloride  (PVC)  which  has  a  negative  t e m p e r a t u r e  

coeff ic ient   such  that  at  room  t e m p e r a t u r e   it  acts  as  an  insulator  and  such  

that  its  impedance  drops  with  increasing  t e m p e r a t u r e   in  a  known  m a n n e r .  

The  impedance  (or  a  component   thereof)   of  the  t e m p e r a t u r e   sensit ive  m e a n s  

is  measured  by  sending  a  current  through  the  t e m p e r a t u r e   sensit ive  m e a n s  

and  generat ing  a  signal  related  to  the  impedance  (or  a  component   t h e r e o f )  

of  the  t e m p e r a t u r e   sensitive  means.  It  is  par t icu lar ly   convenient   t o  e m p l o y  

d.c.  current  for  this  purpose,  since  one  can  make  use  of  a  simple  c i r c u i t  

network  in  the  form  of  a  resistive  divider  to  develop  a  voltage  p ropo r t i ona l  

to  the  res is tance   of  the  t e m p e r a t u r e - s e n s i t i v e   m e a n s .   One  can,  f o r  

example,  use  the  res is tance  of  the  t e m p e r a t u r e - s e n s i t i v e   means  as  at  l e a s t  

part  of  one  arm  of  a  Wheatstone  bridge.  Although  the  use  of  d.c.  t h e r e f o r e  

means  that  one  can  simply  and  a c c u r a t e l y   monitor  the  res i s tance   of  t he  

t e m p e r a t u r e - s e n s i t i v e   means,  the  use  of  d.c.  gives  rise  to  a  phenomenon  in 

the  cable  itself  which  undermines  the  inherent   accuracy  and  simplicity  of 

using  d.c.  The  phenomenon  in  question  is  that  the  res i s tance   of  the  

t e m p e r a t u r e - s e n s i t i v e   means,  in  par t icu lar   when  such  means  is  PVC,  

increases  with  time  when  a  d.c.  voltage  is  applied  across  it,  i.e.  when  a  d.c.  

current  flows  through  it.  This  phenomenon,   which  is  believed  at  least  pa r t ly  -  

due  to  a  polarisat ion  effect ,   is  very  pronounced  in  the  case  of  PVC.  For  a 

given  length  of  cable  at  a  given  t e m p e r a t u r e ,   the  initial  res i s tance   of  t h e  



PVC  may  for  example  increase  by  a  factor  of  about  10  once  the  system  has 

been  in  use  for  some  while.  Thus,  if  the  t empera ture   indicated  by  t he  

system  is  cal ibrated  in  terms  of  the  initial  resistance  of  the  cable,  t h e  

results  obtained  in  the  steady  state,  once  the  cable  has  'aged',  will  be  

inaccura te .   It  might  at  first  be  assumed  that  the  ageing  of  the  cable  could 

be  allowed  for  by 'pre-ageing'   it  by  connecting  it  for  a  suff ic ient ly   long  t i m e  

to  a  d.c.  supply  before  it  is  used.  However,  this  technique  would  not  

overcome  the  problem  because  the  'ageing'  is  not  wholly  permanent .   That  is 

to  say,  when  the  d.c.  supply  is  removed  from  the  cable  its  res is tance   tends  

slowly  to  rever t   towards  its  initial  value.  Thus,  if  d.c.  is  to  be  used,  there  is 

no  a l t e rna t ive   but  to  design  the  system  to  cater  for  the  whole  range  of 

res is tance   values  that  can  be  expected  for  a  part icular   t e m p e r a t u r e   due  to  

the  ageing  phenomenon .  

One  can  of  course  avoid  the  above-described  problem  by  using  a.c.  

instead  of  d.c.  energisat ion,   since  it  has  been  found  that  the  ageing 

phenomenon  does  not  occur  in  the  case  of  a,c,  energisat ion,   probably  

because  it  does  not  of  course  involve  polarisation  in  that  the  polarity  of  t h e  

applied  voltage  is  periodically  reversed.  However,  it  has  been  found  in 

prac t ice   that   a.c.  energisat ion  is  very  much  inferior  to  d.c.  energisat ion  in 

that  the  monitoring  of  the  resis tance  tends  to  be  much  more  difficult   and 

complex  to  effect   reliably  and  tends  to  be  inheren t ly  less   accura te   t han  

monitoring  of  a  d.c.  voltage.  For  example,  it  is  necessary  to  use  a  very  low 

frequency  of  around  2  Hz  to  avoid  the  effects  of  50  Hz  a.c.  mains  hum,  and 

considerable   problems  are  experienced  in  processing  a  signal  of  this  

f r e q u e n c y .  

According  to  the  present  invention  there  is  provided  a  t e m p e r a t u r e  

monitoring  system  compr i s ing :  

a  cable  having  at  least  two  conductors  separa ted   by  e longa t e  

t e m p e r a t u r e - s e n s i t i v e   means  having  reactance  and  res is tance,   at  least  t h e  

res is tance   varying  with  t empera tu re ;   and 

energ isa t ion   means  operative  to  send  d.c.  current  through  a  c i r cu i t  

network  including  said  t empera tu re - sens i t i ve   means,  thereby  to  generate   a 

d.c.  signal  r ep re sen t a t i ve   of  the  resistance  of  the  t e m p e r a t u r e - s e n s i t i v e  

means ;  
the  system  being  charac te r i sed   by: 



switch  means  operat ive  periodically  to  reverse  the  connection  of  t he  

t empera tu re - sens i t ive   means  into  the  circuit  network  and  therefore  to  

reverse  the  direction  of  current   flow  through  the  t e m p e r a t u r e - s e n s i t i v e  

means,  the  frequency  of  operat ion  of  the  switch  means  being  su f f i c i en t ly  

low  that,  after  the  change  in  said  signal  that  will  take  place  upon  each  said 

reversal  due  to  said  r eac tance ,   the  signal  will  revert  substantially  to  a 

steady  value  before  the  next  reversal;   and 

means  responsive  to  a  p rede te rmined   relationship  between  said 

steady  value  and  a  re ference   value  to  indicate  that  the  t empera tu re   of  a t  

least  part  of  the  cable  has  exceeded  a  predetermined  value.  

With  a  system  in  accordance   with  the  present  invention,  the  per iodic  

reversal  of  the  direction  of  current   flow  through  the  t e m p e r a t u r e - s e n s i t i v e  

means  at  least  alleviates  the  problem  of  ageing  and  may  in  some  i n s t ances  

be  able  to  reduce  it  to  substant ia l ly   the  same  extent  as  if  the  ene rg i sa t ion  

were  a.c.  However,  the  use  of  what  is  essentially  switched  d.c.  at  a 

frequency  low  enough  to  avoid  t ransient   phenomena  due  to  cable  r e a c t a n c e  

(e.g.  capacitance)  means  that  one  can  avoid  the  use  of  d i f f icu l t ,  

cumbersome  and  not  a l toge ther   accura te   low  frequency  a.c.  m e a s u r e m e n t  

techniques .  

The  above-mentioned  r e fe rence   value  may  be  a  fixed  value 

determined  for  a  part icular   'cable  and  a  particular  operating  t e m p e r a t u r e .  

However,  it  is  within  the  scope  of  the  invention  for  the  reference   value  to  

be  variable  in  a  sense  to  compensa te   at  least  partly  for  changes  in  t h e  

ambient  t empera ture  o f   the  c ab l e .  

The  invention  will  now  be  further  described,  by  way  of  i l lus t ra t ive  

and  non-limiting  example,  with  re ference   to  the  accompanying  drawings,  in 
which: 

Figure  1  is  a  circuit  d iagram -   partially  in  block  diagram  form -  of  a 

first  temperature   monitoring  system  embodying  the  invent ion;  

Figure  2  is  a  cross-sect ion  through  wires  of  a  cable  forming  part  of 

the  system  of  Figure  1; 

Figure  3  is  a  circuit  d iagram -   partially  in  block  diagram  form -  of  a 
second  temperature   monitoring  system  embodying  the  invent ion;  

Figure  4  is  a  cross-sect ion  through  wires  of  a  cable  forming  part  of 

the  system  of  Figure  3;  and 
'  Figure  5  is  a  graph  showing  the  approximate  relationship  of  the  

resistance  (R )  with  t e m p e r a t u r e   (T)  of  an  insulating  material   of  the  wires  
of  Figures  2  and  4. 



The  t empera tu re   moni tor ing  system  shown  in  Figure  1  includes  a 

cable  10  comprising  two  wires  12  that  are  twisted  together   and,  p r e f e r ab ly ,  

enclosed  within  a  sheath  (not  shown).  (The  cable  10  could  however  be  of 

coaxial  construct ion).   The  cable  10  is  disposed  in  proximity  to  an  object  or  

an  area  whose  t empera tu re   is  to  be  moni tored,   e.g.  above  a  conveyor  belt  or 

on  a  ceiling,  in  part icular   to  de tec t   a  f i r e .  

The  wires  12  comprise  r espec t ive   conductors  14  and  16  having 

sheaths  18.  The  sheaths  18  are  of  a  mater ia l   of  which  the  resis tance  has  a  

t e m p e r a t u r e   coeff ic ient ,   for  example  a  negative  t empera tu re   c o e f f i c i e n t .  

The  mater ia l   can  be  silicone  rubber  or  a  form  of  rubber  known  in  the  art  as 

"EP  rubber".  Preferably,   however,   the  mater ia l   is  polyvinyl  chloride  (PVC), 

which  m a y  o r   may  not  be  doped  with  a  mater ial   that  enhances  i ts  

conduct iv i ty .   As  is  known  to  those  skilled  in  the  art,  the  res is tance  of  PVC, 

whether   doped  or  undoped,  drops  from  a  very  high  value  at  room 

t e m p e r a t u r e ,   in  a  subs tant ia l ly   logar i thmic   value,  as  its  t e m p e r a t u r e  

increases .   As  will  be  apprec ia ted ,   the  mater ia l   of  the  sheaths  18  presents  a  

d is t r ibuted  shunt  res is tance  be tween   the  conductors  14  and  16.  For  

convenience  of  r ep resen ta t ion ,   the  res i s tance   is  shown  as  comprising  a  

plurality  of  discrete  resistors  connec ted   in  parallel,  the  total  r e s i s t a n c e  

thereof   as  viewed  at  an  end  of  the  cable  being  R .  The  sheaths  18  na tu ra l l y  

also  cons t i tu te   a  distr ibuted  c a p a c i t a n c e   between  the  conductors  14  and  16. 

Again,  for  convenience  of  r e p r e s e n t a t i o n ,   such  capac i tance   is  shown  in 

Figure  1  as  comprising  a  plural i ty  of  discrete  capaci tors   connected  in 

parallel,   the  total  capac i tance   thereof   as  viewed  at  an  end  of  the  cab le  

being  C  .  
As  shown  in  Figure  1,  a  res is tor   R  is  connected  in  series  with  t he  

parallel  combination  of  the  r e s i s t ance   R  and  the  capac i tance   C  between  a  

+V  rail  20  and  an  OV  rail.  Such  connect ion  is  e f fec ted   via  a  sw i t ch  

a r r angemen t   22  which  is  p re fe rab ly   an  e lec t ronic   switch  a r rangement   and, 

for  s implici ty  of  comprehension,   is  r ep resen ted   as  a  pair  of  changeove r  

switches.   As  will  be  app rec i a t ed ,   when  the  switch  a r rangement   22  is 

reversed  the  direction  of  flow  of  d.c.  current   from  the  source  through  the  

mater ia l   of  the  sheaths  18  (i.e.  through  the  res is tance  R  
s  

and  t h e  

capac i t ance   C )  is  reversed.   In  other  words,  the  switch  a r r angement   22  is 
s 

opera t ive   periodically  to  reverse  the  way  in  which  the  t e m p e r a t u r e   s ens i t ive  

mater ia l   of  the  sheaths  18  is  connec ted   into  the  resistive  divider  c i r c u i t  



network  cons t i tu ted   by  such  material   and  the  resistor  R.  The  speed  of 

operation  of  the  switch  ar rangement   22  is  controlled  by  control  logic  24 

which  is  driven  by  a  clock  26. 

The  periodic  reversal  of  the  direction  of  current  flow  through  the  

material   of  the  sheaths  18  reduces  the  net  d.c.  current   flow  through  t h e m  

and  therefore   reduces  the  above-descr ibed  ageing  ef fect .   The  reduct ion  of 

the  effect   can  be  maximised  if  the  net  d.c.  current  is  reduced  to  zero,  e .g.  

if  the  applied  d.c.  voltage  and  its  duration  are  identical  in  the  two  posi t ions  

of  the  switch  a r r angement   22.  The  voltages  are  kept  identical  by  using  t he  

common  voltage  source  +V  and  ensuring  that  the  switches  making  up  the  

a r rangement   22  have  negligible  "on"  res is tance .   The  durations  are  k e p t  

identical  by  suitable  design  of  the  control  logic  24.  To  this  end,  the  con t ro l  

logic  24  may  comprise  an  edge- t r iggered  counter /d iv ider   driven  by  the  c lock  

26  to  produce  an  output  switching  waveform  whose  two  halves  are  of 

exactly  equal  time  span .  
The  way  in  which  the  resis tance  R  s  i s   measured  will  now  be 

described.  Assume  for  the  sake  of  argument   that  the  switch  a r r angement   22 

is  not  being  operated  but  remains  in  the  i l lustrated  s ta te .   The  resistor  R 

and  the  res is tance   R  are  connected  in  series  across  the  d.c.  supply  +V. 

Consequent ly ,   the  voltage  (with  respect   to  the  OV  rail)  on  a  line  28  is 

directly  proport ional   to  the  resistance  R .  If  the  switch  a r r angement   22  is 
s 

then  changed  over,  and  if  transient  phenomena  could  be  ignored,  the  level  of 

the  signal  on  the  line  28  would  not  change  because  all  that  will  have  

happened  is  that  the  direction  of  current  flow  through  the  res is tance  R  will 

have  changed.  However,   transient  effects   cannot  be  ignored.  In  p a r t i c u l a r ,  

there  will  be  a  change  in  the  signal  on  the  line  28  due  to  the  r eac tance   of 

the  cable  10.  More  specifically,   since  the  voltage  across  the  c a p a c i t a n c e  

C   is  reversed  every  time  the  switch  a r r angement   22  operates ,   and  since  it  

will  take  a  finite  time  for  the  capaci tance   to  charge  up  to  the  new  value ,  

there  will  be  a  spike  on  the  signal  on  the  line  28  each  time  that  the  c u r r e n t  

is  reversed.   The  resul tant   waveform  on  the  line  28  is  shown  in  Figure  1.  To 

ensure  t ha t   the  signal  on  the  line  28  reliably  represents   the  value  of  the  

resistance  R ,  the  switching  frequency  provided  by  the  control  logic  24  is 

chosen  to  be  suff ic ient ly   low  that  the  capac i tance   C  charges  in  good  t ime  

for  the  signal  on  the  line  28  to  be  considered  to  have  changed  to  a 
substant ial ly  steady  value  before  the  next  current   reversal .   The  f r e q u e n c y  



chosen  will  of  course  vary  with  different   mater ia ls   and  d i f f e r en t  

applications,   though  a  typical  value  might  be  about  1/6th  or  1/7th  Hz,  t h a t  

is  to  say  the  period  of  the  waveform  will  in  this  case  be  about  6  or  7 

seconds.  A  sample  and  hold  unit  30,  the  operat ion  of  which  is  synchronised 

by  the  control  logic  24,  is  provided  in  the  line  28  to  sample  the  w a v e f o r m  

during  each  'plateau'   portion,  i.e.  after  the  end  of  each  spike,  whereby  t he  

output  voltage  of  the  sample  and  hold  unit  is  periodically  updated  so  that  i t s  

magnitude  represen ts   the  latest   sampled  value  of  the  signal  represent ing  t h e  

res is tance   R s.  This  signal  is  applied  to  one  input  of  a  compara to r   32.  A 

reference   value  or  signal  appropriate   to  a  par t icular   appl icat ion  is  applied  to  

another  input  of  the  compara tor   32.  The  magnitude  of  t h e  r e f e r e n c e   signal 

is  such  as  to  be  equal  to  that  provided  by  the  sample  and  hold  unit  30  when 

the  cable  10  has  been  heated  to  a  t empera tu re   which  is  sufficiently  high 

that  an  alarm  is  required.  The  comparator   32  is  responsive  to  the  signal 

from  the  sample  and  hold  unit  30  achieving  this  r e fe rence   value  to  provide 

an  alarm  output  signal  on  a  terminal  34. 

Since  the  sampled  values  of  the  signal  on  the  line  28  and  thus  t he  

actual  value  input  to  the  compara tor   32  are  obtained  when  the  circuit  has  

reached  a  steady  s tate,   the  selection  of  the  compara to r   r e fe rence   voltage  is 

simple  because  only  an  application  of  Ohm's  Law  is  r e q u i r e d .  

The  r e fe rence   value  applied  to  the  compara to r   32  may  be  a  value 

which  is  fixed  for  a  par t icular   application.  Preferably ,   however,  t h e  

re ference   value  is  varied  to  at  least  a  certain  extent   to  compensate   for 

changes  in  the  ambient   t empera tu re   of  the  cable.  A  modified  system,  in 

which  the  r e fe rence   value  is  in  fact  varied  to  compensa te   for  amb ien t  

t empera tu re   changes  of  the  cable  thereby  enabling  an  increase  in  t h e  

maximum  length  of  cable  that  can  be  used  for  a  par t icular   d i f f e ren t i a l  

between  the  maximum  ambient  t empera tu re   and  required  opera t ing  

t empe ra tu r e ,   will  now  be  described  with  re fe rence   to  Figure  3. 

The  system  of  Figure  3,  which  is  described  also  in  our  co-pending  UK 

Patent   Application  No.  8205339  and  in  our  corresponding  co-pending 

European  patent   applicat ion  of  even  date  herewith,   largely  resembles  t h a t  

of  Figure  1  and  will  only  be  described  in  so  far  as  it  differs  t h e r e f r o m .  

The  system  of  Figure  3  includes  a  modified  cable  10'.  The  cable  10' 

is  similar  to  the  cable  10  of  Figure  1,  except  that  it  comprises  two  f u r t h e r  

wires  12  having  conductors   14',  16'  and  sheaths  18  the  same  as  for  the  two  

wires  12  of  the  system  of  Figure  1.  All  four  wires  12  are  twisted  t o g e t h e r  



and  are  preferably   enclosed  in  a  sheath  (not  shown).  The  wires  12  having  t h e  

conductors   14,  14'  are joined  at  one  end  of  the  cable  10'  (the  lef t-hand  end 

as  shown  in  Figure  3) -  or  comprise  a  single  wire  folded  back  on  i t s e l f  -  

thereby  to  form  a  single  looped  conductor   36  whose  ends  are  accessible  a t  

the  other  end  of  the  cable  10'.  Similarly,  the  wires  12  hav ing the   conduc to r s  

16  16!a re   jo ined -   or  in tegra l  -   at  the  l e f t -hand  end   of  the  cable  10'  as 

shown  in  Figure  3  to  form  another  looped  conductor  38.  The  looped 

conductors   36,  38  are  useful  for  a  number  of  reasons,  especially  in  that  t h e y  

enable  the  continuity  of  the  wiring  to  be  checked  by  checking  that  the  loops 

are  not  broken.  However,  at  least  one  of  the  loops  is  used  for  a  f u r t h e r  

purpose,  the  nature  of  which  is  explained  below.  

The  wires  12  are  shown  in  Figure  4  as  being  so  arranged  that  t he  

conductors   forming  each  of  the  looped  conductors  36,  38  are  d iagonal ly  

opposite  each  other.  They  could  instead  be  arranged  with  such  c o n d u c t o r s  

adjacent   each  o t h e r .  

As  will  be  appreciated  from  an  inspection  of  Figures  3  and  4,  due  to  

the  sheaths  18  there  will  be  dis t r ibuted  res is tance  and  capac i tance   b e t w e e n  

the  conductors   14'  and  16  and  between  the  conductors  14  and  16'  as  well  as 

between  the  conductors  14  and  16.  However,   for  convenience,   the  f u r t h e r  

dis t r ibuted  resis tance  and  capac i tance   is  omit ted  from  the  d rawing .  

A  current   source  40  is  connected  via  a  gate  42  controlled  by  t h e  

clock  26  to  the  looped  conductor  38  such  that ,   when  the  gate  42  is  opened,  a 

p r ede t e rmined   d.c,  current  is  sent  through  the  looped  conductor  38.  (The 

current  source  40  could  be  a  constant   current  source,  but  p r e f e r a b l y  

comprises  simply  a  resistor  where  res is tance   is  high  with  respect   to  that  of 

the  looped  conductor  38  whereby  the  p rede te rmined   d.c.  current   is 

subs tant ia l ly   unaffec ted   by  changes  in  the  resis tance  of  the  conductor  38). 

The  looped  conductor  38  is  of  a  mater ial   whose  resis tance  changes  in  known 

manner  with  t empera tu re .   The  mater ia l   may  for  example  be  copper,  whose 

res is tance  changes  by  approximately   0.4  per  cent  per  deg  C  and  in  f a c t  

increases  by  a  factor  of  only  about  two  between  normal  a m b i e n t  

t e m p e r a t u r e   and  its  melting  t e m p e r a t u r e .   Consequent ly,   it  will  be 

apprec ia ted   that  when  such  current  is  flowing  through  the  looped  c o n d u c t o r  

38  the  voltage  (with  respect  to  the  OV  rail)  on  a  line  44  will  be 

r ep re sen t a t i ve   of  the  resistance  of  the  looped  conductor  38.  That  is  to  say,  

such  voltage  will  vary  with  changes  in  the  ambient  t e m p e r a t u r e   of  the  cable  



10'.  Note,  however,  that  since  the  resis tance  of  the  loop  38  can  be 

considered  to  be  the  series  combinat ion  of  a  multiplicity  of  i n c r e m e n t a l  

res is tance  elements,   the  overall  res i s tance   of  the  looped  conductor  38  will 

be  subjected  only  to  a  small  change  if  the  cable  10'  is  subject  to  intense  local  

heating  as  a  result  of  localised  fire.  (This  contrasts   with  the  way  in  which 

the  voltage  on  the  line  28  changes  with  t empera tu re   because,  since  t h e  

res is tance  R  can  be  considered  as  being  const i tuted  by  a  multiplicity  of 

incrementa l   resistance  elements  connected   in  parallel,  the  resis tance  R  can 

drop  to  a  low  value  either  by  general  heating  of  the  whole  cable  or  by  more  

intense  localised  heating  of  a  part  of  the  cab le . )  

The  r e s i s t a n c e / t e m p e r a t u r e   cha rac te r i s t i c   of  a  typical  shea th  

mater ial   18,  that  is  to  say  the  value  of  the  resistance  R ,  is  represented  in 
s 

Figure  5.  As  will  be  seen,  below  a  value  typically  equal  to  about  60°C,  on  a 

logari thmic  scale,  the  relat ionship  between  R  and  t empera tu re   is 

approximately   linear,  there  being  typically  a  17  deg  C  change  in 

t empera tu re   per  decade  of  res i s tance   or  in  other  words  a  doubling  or  halving 

of  res is tance  for  a  change  in  t e m p e r a t u r e   typically  of  about  5  deg  C.  It 

will  be  apprecia ted   that  the  magni tude  of  the  signal  on  the  line  28 

represent ing   the  parameter   R  will  vary  in  similar  manner,  though  not  in 

exactly  the  same  manner  because  R  forms  a  potential  divider  chain  wi th  

the  resistor  R.  The  signal  on  the  line  44,  which  represents   the  ser ies  

res is tance  of  the  looped  conductor   38,  is  processed  by  a  converter   or  

amplifier  46  which  has  a  logar i thmic   cha rac te r i s t i c   or  t ransfer   function  such 

as  to  produce  from  the  signal  on  the  line  44  a  modified  (reference)  signal 

which  is  applied  to  the  compara to r   32  and  which  varies  with  t empera tu re   in 

similar  manner  to  that  on  the  line  28.  Thus,  the  reference   signal  from  t h e  

conver ter   46  provides  a  degree  of  ambient  t empera tu re   compensat ion  fo r  

the  signal  on  the  line  28  in  that  both  signals  vary  in  a  similar  manner  wi th  

changes  in  the  ambient  t e m p e r a t u r e   of  the  cable  10',  but  does  not  p rec lude  

the  generat ion  of  an  output  alarm  signal  on  the  terminal  34  in  the  event  of  a 

fire  si tuation  in  that  the  r e fe rence   signal,  unlike  the  signal  on  the  line  28, 

does  not  respond  substantial ly  to  localised  heating,  for  the  reasons  expla ined 

above .  

In  the  a r rangement   described  above,  in  order  to  prevent  i n t e r f e r e n c e  

b e t w e e n   the  signals  on  the  lines  28  and  44,  the  gate  42  is  operated  by  t h e  

control  logic  24  such  that  the  current   from  the  source  40  is  sent  through  t he  



looped  conductor  38  in  the  form  of  a  pulse  for  a  short  interval  at  the  end  of 

each  'plateau'  of  the  signal  on  the  line  28,  i.e.  just  before  the  next  spike. 

The  converter   46  incorporates   a  sample  and  hold  unit  (not  shown)  to  sample  

each  pulse  on  the  line  44  whereby  the  reference  value  supplied  by  t h e  

converter   46  represents   the  latest   updated  value  of  the  series  res is tance  of 

the  looped  conductor  38. 

With  the  circuit  as  described  above  with  r e fe rence   to  Figure  3,  a 

fixed  different ial   (e.g.  say  5  deg  C)  is  maintained,   as  the  a m b i e n t  

t empera tu re   varies,  between  the  ambient  t empera tu re   and  the  t e m p e r a t u r e  

level  at  which  an  alarm  will  be  generated.   There  is  therefore   some  risk  t h a t  

a  gradual  rise  in  t empera tu re   of  the  cable  10'  to  a  dangerous  value,  e.g.  in 

the  event  of  an  adjacent  but  not  contiguous  fire,  could  be  ignored  if  it  is 

sufficiently  gradual.  This  can  be  avoided  by  limiting  the  extent  to  which  the  

reference  value  (representing  ambient  t empera tu re )   applied  to  t h e  

comparator   32  can  be  altered.   In  other  words,  the  conver ter   46  can  be 

arranged  so  that  it  does  not  continue  to  alter  the  re fe rence   value  if  t h e  

signal  on  the  line  44  goes  beyond  a  value  equivalent  to  a  limit  t e m p e r a t u r e  

value  of,  say,  32  deg  C  grea ter   than  a  predetermined  t e m p e r a t u r e   value  

equal,  for  example,  to  a  normal  ambient  t empera ture   value.  Looking  at  t h e  

mat ter   another  way,  the  conver ter   46  causes  the  system  to  cease  to  

preserve  the  fixed  different ial   between  the  ambient  t e m p e r a t u r e   and  a l a rm 

t e m p e r a t u r e  -   i.e.  to  stop  the  alarm  tempera ture   tracking  the  a m b i e n t  

t e m p e r a t u r e  -   once  the  ambient  t empera ture   exceeds  said  limit  t e m p e r a t u r e  

value.  

The  converter  46  may  in  fact  be  designed  so  that  it  does  not  provide 

a  continuously  varying  output  but  instead  provides  an  output  which  can 

adopt  only  one  of  (say)  eight  discrete  values  each  corresponding  to  the  signal 

on  the  line  44  indicating  a  respect ive   step  in  t empera tu re   of  (say)  4  deg  C 

above  said  predetermined  t empera tu re   value  (e.g.  normal  amb ien t  

t empera tu re   value).  Such  a  fea ture   can  readily  be  accomplished,   essen t ia l ly  

by  sensing  the  magnitude  of  the  input  signal  on  the  line  44  and  a l loca t ing  

one  of  eight  part icular   values  to  the  reference  signal  applied  to  t he  

comparator   32,  the  reference  values being  related  in  logar i thmic  manner  to  

the  input  threshold  value  on  the  line  44  whereby  the  desired  l o g a r i t h m i c  

transfer  function  of  the  converter   46  is  obta ined.  



The  invention  can  of  course  be  embodied  in  various  d i f ferent   ways 
than  those  described  above  by  way  of  example.   For  example,   other  fo rms  

of  cable  than  the  cables  10  and  10'  could  be  used.  For  ins tance ,   though  t he  

cable  10'  happens  to  have  two  looped  conductors  36,  38,  it  should  readily  be 

apparent   that  for  present  purposes  only  one  looped  conductor   is  n e e d e d .  

F u r t h e r m o r e ,   the  looped  conductor  38  does  not  have  to  be  common  with  one 

of  those  conductors   between  which  the  res is tance  R  is  measured.   The 
s 

looped  conduc tor   could  in  fact  be  wholly  separate   and  need  not  even  be 

sheathed  by  t e m p e r a t u r e - s e n s i t i v e   mater ia l .   It  is  in  fact  possible  for  the  

conductors   associa ted   with  the  res is tance   R  s and  those  forming  the  loop  to  

be  s epa ra t e   cables  laid  together   or  at  least  reasonably  close  to  one  ano the r  

to  form  a  common  cable  a r r angement .   Fur ther ,   it  is  not  even  essential  in 

the  e m b o d i m e n t   of  Figure  3  to  use  a  looped  conductor.   It  is  instead  f eas ib le  

to  feed  the  cur ren t   from  the  source  40  into  a  single,  non-looped  c o n d u c t o r  

having  a  good  earth  connection  at  its  end  remote  from  the  source  40 

whereby  the  voltage  of  the  conductor   with  respect   to  earth  could  be 

measured   to  de te rmine   its  res i s tance .   (If  the  remote  earth  potent ial   were  

d i f fe ren t   to  that   at  the  monitoring  system,  the  difference  could  be  t r i m m e d  

out).  In  this  case,  it  is  the  res is tance   between  two  ends  of  a  non- looped  

conductor   ( rather   than  between  the  two  ends  of  a  looped  conductor   f o r m e d  

by  a  series  c ircui t   of  two  conductors)   that  is  monitored.   In  general ,   one  can 

monitor   the  impedance  (or  a  component   thereof)   between  the  ends  of  a 

series  c i rcui t   comprising  at  least  one  of  the  conductors.   The  invention  can  in 

fact  be  car r ied   into  effect   with  a  cable  having  only  two  c o n d u c t o r s .  

It  is  fur ther   contempla ted   that  the  pa ramete r   of  the  loop  38  that  is 

measured   may  not  be  its  res is tance.   It  is  con templa ted   that  a  cable  m i g h t  

be  provided  in  which  the  inductance  of  the  loop  38  might  vary  wi th  

t e m p e r a t u r e ,   in  which  case  the  inductance   could  be  measured  and  used  to  

provide  the  ambient   t empera tu re   compensa t ion   re ference   s igna l .  

It  is  within  the  scope  of  the  invention  to  connect  a  device  having  a 

d i f ferent   c h a r a c t e r i s t i c   for  positive  and  negative  polari t ies  (e.g.  a  diode) 

between  that   end  of  the  conductors  separa ted   by  the  t e m p e r a t u r e - s e n s i t i v e  

means  that  is  remote   from  the  de tec t ing   means.  This  can  enable  d i f f e r e n t  

proper t ies   of  the  cable  a r rangement   to  be  measured  by  .reversing  t h e  

polari ty  of  energisa t ion .   For  example,   if  the  device  is  a  diode  then  t he  

s h u n t - i m p e d a n c e   detect ion  means  in  e f fec t   monitors  the  shunt  i m p e d a n c e  



(or  a  component   thereof)   between  the  two  conductors  when  the  polarity  is 

such  that  the  diode  does  not  conduct.   With  the  opposite  polarity,  the  diode  is 

forward-biased   whereby  the  diode  e f fec t ive ly   shor t -c i rcui t s   the  remote  ends  

of  the  conductors   together   and  enables  their  continuity  to  be  checked  by 

measuring  the  res is tance   presented  to  the  detect ion  means.  If  t he  

conductors  moni tored  by  the  shun t - impedance   detect ion  means  and  t h e  

ser ies -c i rcu i t   impedance  monitoring  means  are  common,  e.g.  if  there  a r e  

only  two  conductors ,   the  continuity  check  can  be  carried  out  by  t h e  

monitoring  means  monitoring  the  impedance  (e.g.  res is tance)   of  the  two  

conductors.   That  is  to  say,  the  impedance  of  the  t e m p e r a t u r e - s e n s i t i v e  

means  is  moni tored  when  the  energisat ion  is  of  one  polarity  (e.g.  dur ing 

half-cycles  of  an  a l te rna t ing   supply  of  one  polarity)  and  the  c o n d u c t o r  

continuity  and  the  series  circuit  impedance  represent ing  a m b i e n t  

t empera tu re   are  moni tored  when  the  energisat ion  is  of  the  other  po l a r i t y  

(e.g.  during  hal f -cycles   of  the  opposite  po la r i ty ) .  



1.  A  t e m p e r a t u r e   monitoring  system  compr is ing:  

a  cable  (10;  10')  having  at  least  two  conductors  (14,  16)  separated  by 

elongate  t empe ra tu r e - s ens i t i ve   means  having  reac tance   (Cs)  and  r e s i s t a n c e  

(R ),  at  least  the  resis tance  (R )  varying  with  t empera ture ;   and 
s  s 

energisat ion  means  operative  to  send  d.c.  current  through  a  c i r cu i t  

network  including  said  t empe ra tu r e - s ens i t i ve   means,  thereby  to  generate  a 

d.c.  signal  r ep resen ta t ive   of  the  res is tance   (Rs)  of  the  t e m p e r a t u r e - s e n s i t i v e  

means ;  
the  system  being  charac ter i sed   by: 

switch  means  (22)  operative  periodically  to  reverse  the  connection  of  

the  t e m p e r a t u r e - s e n s i t i v e   means  into  the  circuit  network  and  therefore  t o  

reverse  the  direction  of  current  flow  through  the  t e m p e r a t u r e - s e n s i t i v e  

means,  the  f requency  of  operation  of  the  switch  means  being  su f f i c i en t ly  

low  that,  after  the  change  in  said  signal  that  will  take  place  upon  each  sa id  

reversal   due  to  said  reac tance   (C s),  the  signal  will  revert  substantial ly  to  a 

steady  value  before  the  next  reversal;  and 

means  (32)  responsive  to  a  p rede te rmined   relationship  between  said 

steady  value  and  a  reference  value  to  indicate  that  the  t empera tu re   of  a t  

least  part  of  the  cable  has  exceeded  a  p rede te rmined   value.  

2.  A  system  according  to  claim  1,  wherein  the  net  d.c.  current  flow  in 

use  through  the  t empera tu re - sens i t i ve   means  is  substantially  equal  to  ze ro .  

3.  A  system  according  to  claim  2,  wherein  both  the  magnitude  and  t h e  

duration  of  the  d.c.  current  flow  in  use  through  the  t e m p e r a t u r e - s e n s i t i v e  

means  is  the  same  in  each  d i rec t ion .  

4.  A  system  according  to  claim  1,  claim  2  or  claim  3,  including  m e a n s  

for  providing  a  fixed  said  reference  va lue .  

5.  A  system  according  to  claim  1,  claim  2  or  claim  3,  including 

compensat ion  means  for  varying  said  re fe rence   value  to  compensate   for  t h e  

ambient  t e m p e r a t u r e   of  the  cable  (10'). 



6.  A  system  according  to  claim  5,  including  means  for  generating  a 

signal  representing  the  impedance  (or  a  component  thereof)  measured  

between  the  ends  of  a  series  circuit  comprising  at  least  one  conductor  (16, 

16')  of  the  cable,  the  compensation  means  (46)  being  responsive  to  the  value 

of  said  signal  to  alter  said  re ference   value  in  a  sense  at  least  partially  to  

compensate   for  changes  in  the  ambient  t empera tu re   of  the  cab le .  

7.  A  system  according  to  claim  6,  wherein  the  signal  to  which  the  

compensat ion  means  (46)  is  responsive  is  wholly  or  p redominan t ly  

represen ta t ive   of  the  resistance  of  the  series  c i r cu i t .  

8.  A  system  according  to  claim  6  or  claim  7,  wherein  said  series  c i rcu i t  

comprises  a  pair  of  conductors  (16,  16')  connected  together   or  integral  with 

one  another  at  one  end  of  the  cable  (10')  and  connected  to  the  compensa t ion  

means  (46)  at  the  other  end  of  the  cable .  

9.  A  system  according  to  claim  6,  claim  7  or  claim  8,  wherein  the  

compensation  means  (46)  is  operative  to  vary  the  relat ionship  between  t he  

signal  to  which  it  is  responsive  and  the  re ference   value  in  a  sense 

complementary   to  that  in  which  the  signal  r epresen ta t ive   of  the  r e s i s t ance  

(R )  of  the  t empera tu re - sens i t i ve   means  varies  with  t e m p e r a t u r e .  s 

10.  A  system  according  to  claim  9,  wherein  the  signal  represen ta t ive   of 

the  resis tance  (R )  of  the  t empera tu re - sens i t ive   means  varies  subs tan t ia l ly  

ant i logar i thmical ly   with  t empera tu re   and  the  compensat ion  means  (46) 

provides  a  generally  logarithmic  transfer  function  between  the  other  signal 

and  the  reference  value.  

11.  A  system  according  to  any  one   of  claims  6  to  10,  wherein  the  

compensation  means  (46)  is  operative  not  to  alter  said  re ference   value  if 

the  signal  to  which  it  is  responsive  exceeds  a  p rede te rmined   limit  value.  

12.  A  system  according  to  any one  of  claims  5  to  11,  wherein  the  

compensation  means  (46)  is  operative  to  vary  the  reference   value  between  a 

plurality  of  predetermined  desired  values  in  response  to  variation  in  the 

ambient  t empera ture   of  the  cab le .  
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