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(54)  Sensor  cables  and  installations  incorporating  them. 

(57)  A  heat-detector  cable  comprises  first  and  sec- 
ond  digital  heat-detector  elements  assembled 
in  close  proximity,  each  comprising  a  pair  of 
conductors  biassed  towards  each  other  but 
normally  prevented  from  contacting  by  a  coat- 
ing  of  a  fusible  insulating  material  on  at  least 
one  of  them,  the  response  characteristics  of  the 
said  first  and  second  elements  on  exposure  to 
hazardous  temperatures  differing  such  that  the 
first  said  element  responds  sooner  than  the 
second.  Preferably  the  fusible  materials  have 
substantially  different  softening  temperatures, 
that  in  the  first  element  having  the  lower  soften- 
ing  temperature.  Fire  or  overtemperature  condi- 
tions  can  be  distinguished  from  faults  by  the 
difference  in  response  times. 

<  
CM 
o  
o  
CO 
10 

LU 

5  

Jouve,  18,  rue  Saint-Denis,  75001  PARIS 



EP  0  530  012  A1 

This  invention  relates  to  sensor  cables  for  the  detection  of  fires  or  other  hazardous  temperature-rise  con- 
ditions  (hereinafter  for  brevity  called  "heat  sensor  cables")  and  to  installations  in  which  they  are  used. 

Beat  sensor  cables  at  present  on  the  market  are  of  two  kinds: 
The  first  kind,  sometimes  called  an  "analogue"  sensor  cable,  has  two  or  more  conductors  which  are 

5  spaced  apart  from  one  another  by  a  "sensitive"  material  whose  resistivity  (or  some  other  appropriate  property, 
but  that  has  no  particular  relevance  to  the  present  invention)  changes  rapidly  with  temperature  in  the  range 
of  interest  (typically  all  or  part  of  the  range  from  about  80°C  to  250°C  or  in  some  cases  higher).  Detection  cir- 
cuitry  continuously  (or  at  very  frequent  intervals)  monitors  the  resistance  from  one  conductor  to  the  other  and 
compares  it  with  a  stored  threshold  value,  giving  an  alarm  if  the  monitored  value  exceeds  the  threshold. 

10  The  second  kind,  sometimes  called  a  "digital"  sensor  cable,  also  has  two  conductors  but  in  this  case  they 
are  resilient  ones  biassed  together  but  normally  prevented  from  contacting  one  another  by  a  coating  of  a  fusible 
material;  in  this  case  an  alarm  is  given  if  any  measurable  conductance  from  conductor  to  conductor  is  detected, 
since  this  indicates  that  the  fusible  coating  has  been  melted  (our  prior  UK  Patent  No.1461769  relates,  but  mod- 
ern  materials  have  raised  the  melting  temperature  limit  for  the  fusible  materials  well  over  200°C). 

15  Each  type  has  advantages  and  disadvantages.  Analogue  heat  sensor  cables  are  dependent  not  only  on 
the  uniformity  and  stability  of  the  sensitive  material  but  also  on  the  stability  of  the  detector  circuitry  and  its 
power  supply  to  provide  the  correct  reference  value;  and  since  the  resistance  measured  varies  with  the  length 
that  is  hot,  as  well  as  its  temperature,  there  is  sometimes  a  risk  of  a  high  overall  ambient  temperature  (due, 
for  instance,  to  heatwave  conditions  or  a  stuck  thermostat)  producing  an  alarm  because  it  has  the  same  overall 

20  resistance  from  conductor  to  conductor  as  if  a  small  flame  were  applied  to  one  place  on  it  while  most  of  its 
length  remained  cold.  Digital  heat  sensor  cables  avoid  these  difficulties. 

On  the  other  hand,  digital  heat  sensors  as  hitherto  known  are  unable  to  distinguish  between  the  short- 
circuiting  of  the  conductors  that  results  from  a  temperature  rise  to  be  detected  and  short-circuiting  of  the  con- 
ductors  arising  from  some  mechanical  accident,  while  analogue  sensors  can  discriminate  by  setting  an  upper 

25  threshold  that  can  be  reached  only  by  a  fault,  and  giving  an  alarm  only  if  the  monitored  value  remains  between 
the  two  thresholds  for  a  predetermined  length  of  time  (of  the  order  of  magnitude  of  a  second). 

False  alarm  signals  are  highly  undesirable,  particularly  if  the  detector  system  automatically  operates 
sprinklers,  risking  water-damage  when  there  was  no  fire. 

The  present  invention  provides  a  digital  heat-detector  cable  in  which  the  risk  of  false  alarms  due  to  faults 
30  is  greatly  reduced. 

The  heat-detector  cable  in  accordance  with  the  invention  comprises  first  and  second  digital  heat-detector 
elements  assembled  in  close  proximity,  each  comprising  a  pair  of  conductors  biassed  towards  each  other  but 
normally  prevented  from  contacting  by  a  coating  of  a  fusible  insulating  material  on  at  least  one  of  them,  the 
response  characteristics  of  the  said  first  and  second  elements  on  exposure  to  hazardous  temperatures  differ- 

35  ing  such  that  on  exposure  to  temperatures  sufficient  to  cause  both  elements  to  respond  the  first  said  element 
responds  sooner  than  the  second. 

Preferably  the  different  characteristics  are  obtained  by  use  of  fusible  materials  with  substantially  different 
softening  temperatures,  that  in  the  first  element  having  the  lower  softening  temperature.  Alternatively  (but  less 
desirably)  the  second  element  right  have  a  thicker  fusible  coating  (requiring  more  time  to  absorb  the  latent 

40  heat  needed  for  melting)  or  a  higher  metallic  cross-section  (slowing  response  by  increasing  thermal  capacity). 
Subject  to  control  of  tension,  the  two  elements  could  be  helically  twisted  together,  but  we  prefer  to  lay  them 

parallel  and  secure  with  a  sheath  braid  or  binder. 
Preferably  each  detector  element  comprises  two  steel  wires  each  having  a  tensile  strength  in  the  range 

1250-1650MN/m2,  helically  laid  up  together  with  a  lay  length  in  the  range  20-60mm  without  any  substantial 
45  torsional  deformation  of  either  the  wires,  at  least  one  of  the  two  wires  having  a  coating  of  an  appropriate  fusible 

insulating  material. 
Suitable  fusible  insulating  materials  include: 
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m a t e r i a l   m e l t i n g   t e m p e r a t u r e  

low  d e n s i t y   p o l y e t h y l e n e   150  °C 
5 

50%  e t h y l e n e -   v i n y l   a c e t a t e   c o p o l y m e r  

10  (50%  v i n y l   a c e t a t e   c o n t e n t ) ,   50%  c l a y   8 5 ° C  

i n t e r m e d i a t e   d e n s i t y   p o l y e t h y l e n e   1 1 0 ° C  
15 

h i g h   d e n s i t y   p o l y e t h y l e n e   135  °C 

20 

p o l y p r o p y l e n e   1 9 0 ° C  

e t h y l e n e / t e t r a f   l u o r o e t h y l e n e   c o p o l y m e r   2 3 6 ° C  

so  
f l u o r i n a t e d   e t h y l e n e / p r o p y l e n e   c o p o l y m e r   236  °C 

The  installation  in  accordance  with  the  invention  comprises  the  digital  heat-detector  cable  defined,  first 
monitor  means  for  detecting  conductance  between  the  conductors  of  the  first  said  element,  second  monitor 
means  for  detecting  conductance  between  the  conductors  of  the  second  said  element,  and  discriminating 

35  means  generating  an  "alarm"  signal  if  the  detection  of  conductance  by  the  first  monitor  means  is  followed  after 
the  passage  of  a  first  preset  time  interval  but  before  the  passage  of  a  second  preset  time  interval  and  a  "fault" 
signal  if  the  detection  of  conductance  by  the  first  monitor  means  is  followed  by  the  detection  of  conductance 
by  the  second  monitor  means  within  the  said  first  preset  time  interval  or  if  it  is  not  followed  by  the  detection 
of  conductance  by  the  second  monitor  means  by  the  end  of  the  said  second  preset  time  interval. 

40  Preferably  a  "fault"  signal  is  generated  also  if  the  second  monitor  means  detects  conductance  without  (or 
prior  to)  the  first  doing  so;  if  desired,  further  monitoring  means  may  be  provided  for  detecting  the  occurrence 
of  conductance  between  conductors  not  belonging  to  the  same  heat  detector  element  and  for  generating  a 
"fault"  signal  if  such  conductance  is  detected. 

Preferably  the  installation  includes  terminating  resistors  connected  across  the  conductors  of  each  element 
45  at  the  end  of  the  sensor  cable  remote  fron  the  monitors,  so  that  the  monitors  will  normally  detect  a  finite  con- 

ductance  (the  "quiescent  conductance")  and  can  detect  and  indicate  a  fault  (an  open-circuit  fault)  if  the  con- 
ductance  falls  to  zero. 

The  invention  will  be  further  described,  by  way  of  example,  with  reference  to  the  accompanying  drawings 
in  which  Figure  1  is  a  diagram  of  a  cable  and  installation  in  accordance  with  the  invention  and  Figure  2  is  a 

so  diagramatic  logic  algorithm  for  the  system. 
The  cable  shown  in  Figure  1  comprises  two  digital  heat-detector  elements  each  comprising  a  pair  of  wires, 

1,1  and  2,2  respectively;  the  two  elements  are  laid  parallel  to  one  another  and  secured  together  by  a  sheath 
3  made  of  fluorinated  ethylene-propylene  copolymer,  0.5mm  thick.  The  wires  1,1,2,2  are  each  of  tinned  steel 
with  a  diameter  of  0.885mm  and  a  tensile  strength  of  1400MN/m2  coated  with  fusible  polymeric  insulating  ma- 

ss  terial  to  a  wall  thickness  of  0.3  mm  radial.  The  two  wires  of  each  separate  element  are  laid  up  together  with  a 
lay  length  of  30mm,  a  tension  of  20N/m2  and  without  torsional  deformation  of  the  wires.  The  wires  1,1  of  the 
first  element  have  a  coating  of  low  density  polyethylene  with  a  melting  105°C  and  wires  2,2  of  the  second  ele- 
ment  a  coating  of  polypropylene  having  a  melting  temperature  of  190°C.  The  result  of  using  this  combination 
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of  materials  is  that  the  response  time  of  the  second  element  in  a  fire  will  be  slower  than  that  of  the  first  by  at 
least  0.4  seconds  (even  if  rapidly  engulfed  by  a  hot  flame)  but  not  more  than  25  seconds  unless  the  fire  is 
both  small  and  slowly  developing. 

The  first  and  second  elements  are  terminated  at  one  end  of  the  cable  by  resistors  and  R2  respectively, 
5  and  a  set  of  monitors  is  connected  to  the  other  end  as  shown.  Monitor  Acontinuously  monitors  the  conductance 

between  the  two  conductors  1,1  of  the  first  detectorand  produces  an  output  to  a  logic  device  (not  shown)  equal 
to  0  if  the  conductance  monitored  is  zero,  Q  if  it  is  equal  to  the  conductance  of  resistor  and  1  if  the  conduc- 
tance  has  a  higher  value.  Similarly  Monitor  B  provides  an  output  to  the  logic  which  is  0  if  the  conductance  be- 
tween  the  conductors  2,2  of  the  second  element  is  zero,  Q  if  it  is  equal  to  the  conductance  of  resistor  R2  and 

10  1  if  it  has  a  higher  value;  optionally  further  monitors  to  C4  may  monitor  conductivity  between  the  other  com- 
binations  of  wires  in  the  complete  cable,  producing  inputs  to  the  logic  device  with  the  value  0  if  the  conductance 
monitored  is  zero  (as  it  normally  is)  and  1  if  it  has  any  other  value. 

As  represented  by  Figure  2,  the  logic  device  initially  sets  all  flags  to  "off  and  all  timers  to  reset  (stopped). 
In  the  absence  of  either  alarm  or  fault  conditions,  it  then  scans  monitors  A  to  F  in  order,  finding  an  output  Q 

15  from  monitors  A  and  B  and  an  output  0  from  each  of  monitors  D  to  F,  and  then  repeats. 
To  deal  first  with  the  simpler  situations,  if  an  output  of  0  instead  of  Q  is  found  at  Monitor  A  or  Monitor  B, 

"Fault  1"  or  "Fault  2"  respectively  is  indicated,  representing  an  open-circuit  fault  in  the  first  or  the  second  ele- 
ment  respectively.  If  desired,  the  installation  can  on  occurence  of  a  fault  of  this  kind  be  switched  (automatically 
or  manually)  to  a  conventional  mode  of  operation  using  the  element  that  remains  serviceable,  so  that  protection 

20  is  maintained,  though  with  an  increased  risk  of  false  alarms,  until  repair  can  be  effected. 
If  an  output  of  1  instead  of  0  is  found  at  any  one  of  monitors  C  to  F,  "Fault  3"  is  indicated,  signifying  a  short 

circuit  fault  between  conductors  not  in  the  same  element. 
If  an  output  of  1  instead  of  Q  is  found  at  Monitor  A,  this  may  be  due  to  a  fire  or  other  overtemperature 

condition  calling  for  an  alarm  signal,  or  it  may  be  due  to  a  short-circuit  fault  in  the  element.  To  discriminate 
25  between  these  possibilities,  the  logic  device  starts  its  timer  and  sets  flag  T1  to  indicate  the  start  of  the  preset 

time  periods;  after  expiry  of  a  first  preset  period  (0.4  seconds  in  this  particular  case),  flag  T2  is  set  and  at  the 
end  of  a  second  preset  time  period,  of  25  seconds  in  the  particular  case,  flag  T3  is  set. 

If  an  output  of  1  instead  of  Q  is  found  at  Monitor  B,  at  any  time,  the  logic  first  determines  whether  the  T1 
flag  is  set  and  if  so  whether  flag  T2  is  set.  If  the  T1  flag  is  not  set,  then  the  logic  indicates  "fault  5",  signifying 

30  that  the  conductors  2,2  have  gone  to  short  circuit  before  the  conductors  1,1  have  done  so  (or  without  their 
doing  so  at  all).  If  the  T1  flag  is  set  but  the  T2  flag  is  not,  the  logic  indicates  "fault  6",  signifying  that  the  con- 
ductors  2,2  have  gone  to  short  circuit  within  0.45  of  conductors  1,1  doing  so,  thus  implying  mechanical  damage 
to  the  cable  rather  than  a  fire  condition.  If  flags  T1  and  T2  are  both  set,  the  logic  sets  flag  B1  and  continues 
to  scan.  On  completion  of  the  scanning  sequence,  the  logic  scans  the  T3  timer  end  flag;  if  it  is  not  set,  scanning 

35  continues,  but  if  it  is,  indicating  that  the  second  element  has  been  short-circuited  between  0.4  and  25  seconds 
after  the  first,  the  B1  flag  is  interrogated;  if  it  is  set,  then  the  second  element  has  become  short-circuited  bew- 
een  0.4  and  25  seconds  after  the  first,  and  since  this  is  almost  certainly  due  to  a  fire/  overtemperature  condition 
a  "FIRE  ALARM  "  is  indicated;  if  it  is  not,  the  first  element  has  been  short-circuited  for  25  seconds  without  the 
second  becoming  short-circuited,  and  so  a  Fault  4  is  indicated,  signifying  a  short-circuit  fault  in  the  first  ele- 

40  ment.  When  "Fault  4"  is  indicated,  preferably  the  installation  is  switched  to  an  emergency  mode  in  which  the 
second  element  only  is  used  in  a  conventional  manner.  In  the  event  of  an  alarm  arising  in  this  mode,  it  may 
be  considered  appropriate  to  evacuate  personnel  and  to  inspect  for  fire  (and  for  causes  for  false  alarm)  but 
not  to  actuate  sprinklers  automatically. 

45 
Claims 

1.  A  heat-detector  cable  comprising  first  and  second  digital  heat-detector  elements  assembled  in  close  prox- 
imity,  each  comprising  a  pair  of  conductors  biassed  towards  each  other  but  normally  prevented  from  con- 

so  tacting  by  a  coating  of  a  fusible  insulating  material  on  at  least  one  of  them,  the  response  characteristics 
of  the  said  first  and  second  elements  on  exposure  to  hazardous  temperatures  differing  such  that  on  ex- 
posure  to  temperatures  sufficient  to  cause  both  elements  to  respond  the  first  said  element  responds  soon- 
er  than  the  first. 

55  2.  Aheat-detectorcableinaccordancewithClaim  1  in  which  the  fusible  materials  have  substantially  different 
softening  temperatures,  that  in  the  first  element  having  the  lower  softening  temperature. 

3.  A  heat-detector  cable  in  accordance  with  Claim  1  or  Claim  2  in  which  each  detector  element  comprises 

4 
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two  steel  wires  each  having  a  tensile  strength  in  the  range  1250-1650  MN/m2,  helically  laid  up  together 
without  any  substantial  torsional  deformation  of  ether  of  the  wires,  at  least  one  of  the  two  wires  having 
a  coating  of  an  appropriate  fusible  insulating  material. 

5  4.  A  heat-detector  cable  as  claimed  in  any  one  of  claims  1-3  in  which  the  said  fusible  insulating  materials 
are  selected  from  low  density  polyethylene,  50%  ethylene  vinyl  acetate  copolymer/50%,  clay,  intermedi- 
ate  density  polyethylene,  high  density  polyethylene,  polypropylene,  ethylene/  tetrafluoroethylene  copo- 
lymer  or  fluorinated  ethylene/  propylene  copolymer. 

10  5.  A  heat-detector  cable  as  claimed  in  any  one  of  the  preceding  claims  in  which  the  two  said  elements  are 
laid  parallel  to  one  another  and  secured  together  by  a  braid  or  binder. 

6.  A  heat-detector  cable  substantially  as  described  with  reference  to  the  drawing. 

7.  A  heat-detector  or  cable  installation  comprising  a  digital  heat-detector  cable  as  claimed  in  any  one  of  the 
15  preceding  claims,  first  monitor  means  for  detecting  conductance  between  the  conductors  of  the  first  said 

element,  second  monitor  means  for  detecting  conductance  between  the  conductors  of  the  second  said 
element,  and  discriminating  means  generating  an  "alarm"  signal  if  the  detection  of  conductance  by  the 
first  monitor  means  is  followed  after  the  passage  of  a  first  preset  time  interval  but  before  the  passage  of 
a  second  preset  time  interval  and  a  "fault"  signal  if  the  detection  of  conductance  by  the  first  monitor  means 

20  is  followed  by  the  detection  of  conductance  by  the  second  monitor  means  within  the  said  first  preset  time 
interval  or  if  it  is  not  followed  by  the  detection  of  conductance  by  the  second  monitor  means  by  the  end 
of  the  said  second  preset  time  interval. 

8.  An  installation  as  claimed  in  Claim  7  including  additional  means  for  generating  a  "fault"  signal  if  the  second 
25  monitor  means  detects  conductance  without  (or  prior  to)  the  first  doing  so. 

9.  An  installation  as  claimed  in  Claim  7  or  Claim  8  including  further  monitoring  means  for  detecting  the  oc- 
currence  of  conductance  between  conductors  not  belonging  to  the  same  heat  detector  element  and  for 
generating  a  "fault"  signal  if  such  conductance  is  detected. 
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10.  An  installation  as  claimed  in  any  one  of  claims  7-9  in  which  each  said  element  is  terminated  by  a  resistor 
to  enable  monitoring  for  open-circuit  faults. 

55 
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