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The  types  of  sensors  offered  by  the  prior  art, 
however,  were  not  originally  designed  for  an 
aerospace  application  as  concerns  the  present 
invention.  However,  TGS  sensors  can  be  adapted 

5  to  different  applications  by  selectively  doping 
them  to  improve  their  sensitivity  to  given  types  of 
gases. 

U.S.—  A—  3,864,628  is  also  somewhat  pertinent 
to  the  present  invention  by  disclosing  TGS  sensors 

10  utilized  in  combination  with  selective  gaseous 
permeable  membranes.  This  reference  also  dis- 
cusses  alarm  techniques  and  annunciation  set 
levels  which  can  be  utilized  with  a  TGS  sensor. 

The  U.S.—  A—  4,088,986  discloses  a  smoke,  fire 
15  and  gas  alarm  system  with  remote  sensing.  This 

system  utilizes  a  plurality  of  remote  sensors  which 
may  be  of  the  type  as  disclosed  in  references  cited 
above.  This  system  senses  combustibles  and 
hydrocarbons  as  well. 

20  A  logic  circuit  provides  three  functions.  First,  it 
inhibits  alarm  condition  sensing  for  a  suitable  time 
delay  after  the  application  of  power  to  allow  time 
for  the  semiconductor  sensors  to  establish  proper 
operating  conditions.  Secondly,  it  performs  the 

25  function  of  determining  and  signalling  when  an 
alarm  condition  exists.  Thirdly,  self-monitoring  of 
the  integrity  of  each  remote  sensor  unit  and  its 
associated  remote  sensor  unit  wiring  is  provided. 
Notification  means  for  such  integrity  checks  is 

30  included.  Independent  of  the  number  of  sensors 
only  one  logic  circuit  is  provided  which  is  dis- 
closed  as  comprising  integrated  circuit  logic 
devices,  false  alarm  reduction  circuitry  and  equip- 
ment,  and  circuitry  and  equipment  for  adjustment 

35  of  system  sensitivity. 
An  alarm  oscillator  generates  a  periodic  signal 

to  actuate  an  audible  alarm  designed  particularly 
for  operation  in  a  combustible  atmosphere.  The 
alarm  transducer  is  enclosed  in  a  double  layer 

40  stainless  steel  mesh  to  prevent  the  propagation  of 
a  flame  therethrough.  The  audible  frequency 
alarm  provides  notification  that  the  logic  circuit 
has  generated  an  output  indicative  of  the  occurr- 
ence  of  the  presence  of  a  condition  to  which  the 

45  sensor  unit  is  responsive.  A  visual  monitor  lamp 
driven  by  transistor  also  provides  a  visual  alarm  at 
the  logic  circit. 

A  separate  threshold  circuit  is  provided  for  each 
individual  detector,  while  a  single  power  supply 

so  supplies  electrical  power  for  all  of  the  detectors. 
The  detectors  are  located  remotely  from  the  main 
alarm,  and  the  integrity  of  the  detectors  and  wires 
connected  thereto  are  automatically  monitored  by 
the  threshold  circuits.  There  is  only  one  common 

55  means  for  indicating  an  alarm. 
The  U.S.  Patent  3,801,972  discloses  an 

apparatus  for  detecting  and  indicating  the  pre- 
sence  of  substances  such  as  smoke,  hydrocarbons 
and  combustibles,  and  the  apparatus  includes  a 

60  plurality  of  sensors  that  generate  output  signals 
which  are  applied  to  one  common  comparator 
amplifier.  The  magnitude  of  the  detector  output 
signals  varies  unidirectionally  as  a  function  of  the 
concentration  detected,  and  the  one  comparator 

65  amplifier  output  varies  unidirectionally  as  a  func- 

Description 

The  present  invention  relates  generally  to  a  gas 
detecting  system  for  detecting  and  annunciating 
the  presence  and  location  of  select  gases  at  a 
plurality  of  locations,  and  more  particularly  per- 
tains  to  a  system  for  detecting  and  annunciating 
the  presence  and  locations  of  accumulations  of 
combustible  vapor  and  air  mixtures  prior  to  their 
reaching  a  predefined  hazardous  level.  The  subject 
invention  was  designed  in  the  context  of  a  com- 
bustible  vapor  detection  system  for  an  aircraft, 
although  the  teachings  herein  are  of  a  much 
broader  nature.  For  instance,  embodiments  of  the 
present  invention  might  have  direct  suitability  for 
detecting  a  combustible  mixture  of  gas  in  a  landfill 
or  a  mining  environment  wherein  methane 
accumulations  occasionally  are  known  to  present 
hazardous  conditions.  Also,  many  of  the  teachings 
herein,  particularly  those  on  the.  diagnostic 
features  of  the  present  invention,  have  direct 
application  in  gas  detecting  systems  other  than 
those  designed  particularly  for  the  detection  of 
combustible  vapors. 

Betz  U.S.  Patent  3,997,837  discloses  a  gas  analy- 
zer  system  for  monitoring  the  gaseous  products  of 
a  process  such  as  the  exhaust  gases  from  the 
combustion  process  of  an  oil  burner.  In  Betz  the 
electrical  output  of  a  semiconductor  measuring 
cell  is  coupled  to  the  noninverting  or  positive  input 
of  a  differential  amplifier,  while  the  negative  input 
thereof  is  coupled  to  a  preset  threshold  voltage. 
When  the  positive  output  from  the  measuring  cell 
exceeds  the  threshold  voltage,  the  amplifier  actu- 
ates  several  relays  which  control,  for  example, 
regulation  and  alarm  devices,  and  an  indicating 
element  such  as  an  LED  annunciator.  However, 
Betz  is  designed  for  a  different  type  of  application 
than  the  present  invention,  and  suggests,  for 
example,  that  a  plurality  of  measuring  locations 
can  be  monitored  by  automatically  and  sequen- 
tially  connecting  a  plurality  of  measuring  sensors 
to  one  differential  amplifier.  This  reference  also 
suggests  that  it  is  often  appropriate  to  combine  the 
signals  from  a  plurality  of  measuring  sensors  to 
form  a  common  output  signal.  The  processing  of  a 
plurality  of  the  sensor  output  signals  in  a  manner 
as  suggested  by  Betz  would  be  clearly  inappropri- 
ate  to  the  type  of  combustible  vapor  detection 
system  of  the  present  invention. 

Gas  sensing  elements  constructed  from  a  semi- 
conductive  material  such  as  tin  oxide  which 
changes  its  resistance/conductance  in  depend- 
ence  upon  its  surface  adsorption  of  select  types  of 
gases  have  been  developed  by  the  Figaro  Engin- 
eering  Corporation  of  Osaka,  Japan,  and  are 
disclosed  in  different  stages  of  development  in 
Taguchi  U.S.  Patent  3,625,756,  Taguchi  U.S.  Patent 
3,695,848,  and  Taguchi  U.S.  Patent  3,900,815. 
These  types  of  gas  sensors  are  quite  well  known  in 
the  prior  art  as  TGS  (Taguchi  Gas  Sensor)  sensors. 
TGS  sensors  are  generally  heated  by  an  associated 
heating  element,  and  arethetype  of  sensor  utilized 
in  one  designed  and  operable  embodiment  of  the 
present  invention. 
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either  manually  by  the  pilot  or  automatically.  In 
this  particular  application,  the  threshold  for  each 
vapor  detector  is  set  at  a  level  corresponding  to  a 
fraction  of  the  concentration  of  hydrocarbon 
vapors  in  air  which  will  just  support  combustion, 
known  as  the  lower  explosive  limit.  However, 
different  levels  of  other  gas  species  could  be 
similarly  detected  by  judicious  selection  of  the 
threshold  level.  With  such  capability  the  present 
invention  may  be  adaptable  to  sense  multiple 
vapors  at  different  locations. 

Another  particularly  advantageous  feature  of 
the  present  invention  allows  for  the  separate 
setting  of  the  threshold  signal  for  each  gas  detec- 
tor,  such  that  the  individual  characteristics  of  each 
gas  detector  is  considered  in  setting  its  threshold. 

The  electronics  of  the  present  invention  also 
provides  a  number  of  very  advantageous  design 
features,  including  a  redundant  type  of  design 
wherein  a  separate  electrical  channel  is  provided 
for  each  gas  detector.  Each  electrical  channel 
includes  separate  power  supplies  and  separate 
signal  processing  circuitry.  In  greater  detail,  each 
separate  electrical  channel  is  constructed  as  a 
dedicated  printed  circuit  board  for  that  channel, 
such  that  a  plurality  of  substantially  identical  PC 
boards  are  provided,  one  for  each  detector 
channel.  Moreover,  pursuant  to  diagnostic 
features  of  the  present  invention,  each  circuit 
board  includes  at  least  one  annunciator  light 
thereon  for  indicating  proper  operation  of  the 
electronic  components  in  that  channel  from  the 
viewpoint  of  system  continuity. 

In  accordance  with  the  teachings  of  the  pre- 
ferred  embodiment,  each  gas  detector  comprises 
a  semiconductor  type  of  gas  detecting  element 
known  as  a  TGS  detector  wherein  adsorption  of  a 
select  type  of  gas  on  its  surface  decreases  its 
resistance.  A  heater  element  is  provided  for  each 
semiconductor  element  for  thermal  activation  of 
the  surface  reactions  thereon.  Moreover  each 
detector  has  a  temperature  compensation  circuit, 
including  a  thermistor,  for  providing  thermally 
stable  operation  of  the  gas  detector.  Each  circuit 
board  includes  first  and  second  power  supplies, 
the  first  for  the  gas  detecting  element  and  the 
second  for  the  heater  element.  Pursuant  to  the 
diagnostic  features  of  the  preferred  embodiment, 
five  annunciator  LEDs  are  provided  on  each  cir- 
cuit  board,  with  the  first  and  second  LEDs  signal- 
ling  proper  operation  of  the  first  and  second 
power  supplies,  the  third  LED  indicating  con- 
tinuity  of  the  semiconductor  gas  detecting 
element,  the  fourth  LED  indicating  proper  oper- 
ation  of  the  temperature  compensation  circuit, 
and  the  fifth  LED  indicating  continuity  of  the 
heater  element  associated  with  the  gas  detecting 
element.  The  diagnostic  features  of  the  preferred 
embodiment  enable  all  annunciator  LED  indi- 
cators  during  an  operational  test  in  which  all  of 
the  tested  components  are  functional. 

Inventive  mechanical  features  of  the  present 
invention  include  a  unique  housing  for  each 
combustible  vapor  detector  and  also  a  unique 
mounting  for  each  detector. 

tion  of  the  difference  in  magnitude  of  detector 
signals.  Failure  detection  circuitry  is  included 
which  dependent  on  false  input  signals  to  the 
comparator  input  terminals  automatically  detects 
failure  to  actuate  the  detectors  or  failure  of  the  5 
detectors  to  apply  their  output  signals  to  this 
comparator.  An  apparatus  test  circuitry  is  pro- 
vided  which  is  independent  of  the  detector 
elements  and  it  may  be  preselected  during  testing 
to  not  actuate  any  safety  circuits  or  latching  relays  10 
which  the  apparatus  may  control.  A  circuit  to 
automatically  compensate  for  detector  sensor 
drift  may  be  included. 

An  object  of  the  present  invention  is  the  pro- 
vision  of  a  combustible  vapor  detection  system  w 
for  an  aircraft,  and  having  a  number  of  advan- 
tageous  features  such  as  adjustable  annunciator 
set  points  which  are  settable  between  relatively 
wide  lower  explosive  level  limits,  compensation 
for  temperature  variations,  built-in  diagnostic  and  20 
test  features,  and  a  system  wherein  multiple 
sensors  at  multiple  locations  in  an  aircraft  are 
operable  independently  of  each  other  to  provide 
greater  coverage  and  an  ability  to  cover  malfunc- 
tioning  sensors.  25 

The  present  invention  provides  a  new  system 
as  claimed  in  claim  1. 

This  system  comprises  sensing  and  annunciat- 
ing  in  a  timely  manner  the  presence  and  location 
of  accumulations  of  selected  gases,  especially  of  30 
accumulations  of  potentially  hazardous  gaseous 
and  vapor  mixtures  prior  to  their  reaching  a  100 
percent  lower  explosive  limit  thereof.  This  system 
provides  detecting  and  annunciating  at  any  one  of 
several  locations.  A  plurality  of  gas  detectors  are  35 
provided,  one  for  each  location  being  monitored. 
Each  gas  detector  has  a  variable  resistance 
characteristic  such  that  its  resistance  varies  in 
dependence  upon  the  concentration  of  the  select 
gas,  and  it  produces  an  electrical  output  signal  40 
which  varies  in  dependence  thereon.  A  central 
control  system  is  coupled  to  receive  the  electrical 
output  signals,  and  compares  each  signal  with  a 
threshold  unique  to  that  sensor  channel.  An  over- 
all  annunciation  signal  is  generated  when  any  one  45 
of  the  output  signals  surpasses  its  particular 
threshold,  and  an  annunciator  indicator  is  pro- 
vided  for  each  detector  to  annunciate  the  pre- 
sence  of  the  detected  gas  at  that  location  to  the 
operator.  An  important  feature  of  the  subject  so 
invention  is  the  provision  of  diagnostic  circuits  for 
testing  the  operation  of  the  gas  detection  system 
at  any  time  and  indicating  any  malfunctions 
thereof  to  the  operator. 

The  present  invention  is  particularly  designed  55 
for  the  detection  of  combustible  hydrocarbon 
vapors  in  an  aircraft  wherein  each  detector  is 
placed  at  a  location  on  board  thereof  at  which 
hydrocarbon  vapors  may  be  present.  For 
instance,  a  combustible  vapor  detector  might  60 
typically  be  placed  in  the  electronics  bay  of  an 
aircraft  through  which  fuel  lines  run.  In  the  event 
of  detected  hydrocarbon  fuel  vapors,  the  elec- 
tronic  equipment  in  the  bay,  which  might  include 
high  power  radar  equipment,  could  be  turned  off  65 
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illustrates  a  block  diagram  of  the  major  com- 
ponents  of  a  Combustible  Vapor  Detection 
System  (CVDS)  designed  to  reliably  detect  and 
annunciate  in  a  timely  manner  the  presence  and 

5  location  of  a  potentially  hazardous  accumulation 
of  vapor  and  air  mixtures  prior  to  its  reaching  a 
100  percent  lower  explosive  limit  (LEL).  The 
system  includes  a  plurality  of  channels  1  through 
N  for  a  plurality  of  remote  sensors  12-1  through 

10  12-N  positioned  at  each  of  N  locations  on  an 
aircraft,  at  each  of  which  a  hazardous  accumula- 
tion  of  combustible  or  explosive  air  vapor  might 
be  present,  a  single  power  and  logic  circuit  14, 
and  a  single  control  and  display  panel  16. 

15  A  typical  embodiment  of  the  present  invention 
may  use  four  sensors  positioned  at  four  locations 
of  concern  on  an  aircraft,  represented  by  four 
annunciator  warning  lights  labelled  LOC1,  LOC2, 
LOC3  and  LOC4  on  the  display  panel  16.  The 

20  display  panel  for  the  combustible  vapor  detection 
system  also  includes  power  "on"  and  test  indi- 
cator  lamps  for  the  system,  a  lamp  test  switch 
designed  to  functionally  validate  the  operation 
and  integrity  of  the  four  alarm  lamps  and  the 

25  power  "on"  and  test  lamps,  and  a  system  test 
switch  to  activate  a  diagnostic  testing  procedure, 
as  described  in  greater  detail  hereinbelow. 

Operationally,  a  remote  sensor  12  detects  the 
presence  of  a  contaminant  gas  representing  a 

30  hazard  at  the  sensor  location,  and  is  responsive 
thereto  so  as  to  generate  an  analog  output  signal 
for  the  power  and  logic  circuit  14.  The  power  and 
logic  circuit  14  determines  if  the  output  signal  of 
the  remote  sensor  12  exceeds  a  predetermined 

35  threshold  level  and,  responsive  thereto,  causes  an 
annunciation  to  be  displayed  on  the  control  and 
display  panel  16,  which  alerts  the  pilot  as  to  the 
presence  and  location  of  each  potential  hazard. 

Each  remote  sensor  12,  as  illustrated  in  Figures 
40  1  and  2,  comprises  a  sensor  cell  18  having  a 

heater  element  20  and  a  sensor  element  22.  The 
sensor  element  22  has  the  characteristics  of  a 
variable  resistance,  the  value  of  which  is  deter- 
mined  by  the  concentration  of  contaminating 

45  gases  through  surface  absorption-desorption 
phenomena,  such  that  the  resistance  of  the  sen- 
sor  element  decreases  with  an  increase  in  the 
concentration  of  the  contaminating  gas  being 
detected.  Each  remote  sensor  12  is  calibrated  to 

'  so  provide  an  output  voltage  Vo  which  is  a  function 
of  the  concentration  of  a  specific  gas  mixture  in 
air,  expressed  herein  as  a  percentage  of  a  Lower 
Explosive  Level  (%LEL),  where  100%  LEL 
represents  that  concentration  of  the  specific  gas 

55  in  air  which  will  just  support  combustion.  A 
voltage  is  selected  for  each  sensor  12  which 
represents  a  predetermined  safe  %  LEL,  as  deter- 
mined  by  the  sensor  calibration,  and  is  set  as  the 
annunciation  or  threshold  level  for  that  particular 

60  channel.  Each  channel  of  the  system  is  set  to 
annunciate  at  a  given  %  LEL,  and  if  the  output 
signal  of  that  sensor  exceeds  its  threshold, 
annunciation  occurs  for  that  channel. 

The  sensor  cell  18  is  coupled  in  series  with  a 
65  fixed  load  resistor  24  and  a  temperature  compen- 

The  housing  for  each  combustible  vapor  detec- 
tor  is  designed  to  provide  explosion  suppression 
and  flame  arresting  functions  through  the  use  of 
dual  100  mesh  screens.  The  housing  defines  an 
input  port  for  the  detector,  over  which  first  and 
second  spaced  fine  mesh  screens  are  positioned. 
The  spaced  fined  mesh  screens  virtually  ensure 
provision  of  effective  explosion  suppression  and 
flame  arresting  functions.  In  the  preferred 
embodiment  herein,  the  first  and  second  fine 
mesh  screens  define  respectively  smaller  and 
larger  convex  shaped  surfaces  which  are  posi- 
tioned  over  the  input  port  of  the  housing  and  the 
detector  element  therein. 

A  unique  mounting  for  each  vapor  detector  is 
designed  for  operation  in  an  environment  subject 
to  vibration,  such  as  on  board  an  aircraft.  The 
unique  mounting  includes  a  plurality  of  resilient 
vibration  attenuators  which  are  positioned 
between  a  mounting  bracket  and  the  detecting 
element  to  provide  vibration  and  shock  isolation 
and  attenuation  therefor.  The  detecting  element  is 
secured  to  the  mounting  bracket  by  a  plurality  of 
screws,  and  an  attenuator  is  mounted  on  each, 
screw  shaft  between  the  bracket  and  the  detecting 
element.  The  screws  are  selectively  tightenable  to 
tune  the  vibration  attenuation  to  minimize  the 
transmission  to  the  detecting  element  of  vibra- 
tional  frequencies  which  are  particularly  detri- 
mental  to  its  operation.  In  the  preferred  embodi- 
ment,  each  resilient  vibration  attenuator  is  in  the 
form  of  a  rubber  grommet. 

The  foregoing  objects  and  advantages  of  the 
present  invention  for  a  combustible  vapor  detec- 
tion  system  may  be  more  readily  Understood  by 
one  skilled  in  the  art,  with  reference  being  had  to 
the  following  detailed  description  of  a  preferred 
embodiment  thereof,  taken  in  conjunction  with 
the  accompanying  drawings  wherein  like 
elements  are  designated  by  identical  reference 
numerals  throughout  the  several  views;  and  in 
which: 

Figure  1  is  a  block  diagram  of  the  major  com- 
ponents  of  an  exemplary  embodiment  of  a  com- 
bustible  vapor  detection  system  constructed  pur- 
suant  to  the  teachings  of  the  present  invention; 

Figure  2  illustrates  the  electrical  components  of 
the  measurement  circuit  of  each  remote  sensor 
assembly  employed  in  the  combustible  vapor 
detection  system; 

Figure  3  illustrates  an  exploded  view  of  the 
mechanical  components  of  each  remote  sensor 
and  its  mounting  bracket,  and  shows  in  particular 
the  various  mounting  and  vibration  isolation 
components  thereof; 

Figure  4  is  a  block  diagram  of  the  major  com- 
ponents  of  one  channel  of  the  power  and  logic 
circuit  employed  by  the  system; 

Figure  5  is  an  electrical  diagram  illustrating 
further  details  of  operation  of  one  channel  of  the 
power  and  logic  circuit;  and 

Figure  6  is  an  electrical  diagram  similar  to  that 
of  Figure  5,  illustrating  the  operation  of  several 
diagnostic  features  of  the  present  invention. 

Referring  in  detail  to  the  drawings,  Figure  1 
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sating  element  in  the  form  of  a  temperature 
responsive  resistor  (thermistor)  26.  During  oper- 
ation,  a  fixed  voltage  Vs  (15  VDC)  is  applied  across 
the  series  connected  resistances  22,  24,  26,  which 
then  function  as  a  voltage  divider,  with  the  output  5 
voltage  Vo  between  elements  22  and  24  varying  in 
the  presence  of  a  contaminant  gas. 

Each  sensor  element  22  may  comprise  a 
commercially  available  bulk  semiconductor,  such 
as  tin  oxide  (SnO2),  the  resistance  of  which  varies  io 
as  described  above.  These  types  of  sensor 
elements  are  known  commercially  as  TGS  sen- 
sors,  forTaguchi  Gas  Sensor.  The  construction  of 
the  sensor  element  22  allows  adsorption  of 
oxygen  to  form  potential  barriers  at  grain  bound-  15 
aries,  which  oppose  free  electron  flow,  thus 
resulting  in  a  substantial  increase  in  the 
resistance  of  the  semiconductor  material.  When 
the  surface  of  the  sensor  element  is  exposed  to 
hydrocarbons  or  other  chemically  reducing  20 
environments,  adsorption  occurs  at  the  surface 
with  the  resultant  neutralization  of  the  opposing 
potential  barriers,  thus  reversing  the  previous 
reaction  at  the  surface.  The  hydrocarbon  pre- 
sence  results  in  increased  density  and  mobility  of  25 
conducting  electrons  in  the  semiconductor  space 
charge  region  by  decreasing  the  potential  barriers 
at  the  grain  boundaries.  Accordingly,  the  hydro- 
carbon  presence  results  in  a  substantial  decrease 
in  the  resistance  of  the  semiconductor,  and  this  30 
results  in  an  increase  of  output  voltage  Vo  in  the 
voltage  divider  network  22,  24.  When  the  output 
voltage  Vo  exceeds  a  threshold  value  indicative  of 
the  preset  %  LEL,  the  power  and  logic  unit  14 
causes  an  annunciation  to  occur  on  the  display  35 
panel  16.  One  advantage  of  this  type  of  detector 
element  is  that  it  will  also  detect  and  react  to 
smoke  in  the  aircraft,  in  addition  to  detecting 
hydrocarbons. 

The  heater  element  20  functions  to  preclude  40 
absorption  by  the  sensor  element  22  of  unwanted 
contaminants  in  clean  air,  and  also  acts  to 
thermally  activate  surface  reactions  with  con- 
taminants.  In  the  illustrated  embodiment,  the 
heater  element  20  is  supplied  with  electrical  45 
power  by  a  separate  power  supply  VH  (5  VDC). 
The  heater  element  20  improves  the  response 
time  of  the  electro-molecular  action  by  thermally 
stabilizing  the  reactive  surface  of  the  sensor 
element  22.  The  heater  element  20  can  raise  the  50 
temperature  of  the  air  surrounding  the  semicon- 
ductor  sensor  element  22  in  the  magnitude  of 
200°  to  400°C. 

Circuitry  for  temperature  compensation  within 
the  range  of  from  approximately  -18°C  (0°F)  to  ss 
71CC  (160°F).  is  provided  by  the  series-coupled 
thermistor  26  and  resistor  24,  both  connected  in 
parallel  with  a  resistor  30.  Thermistor  26  has  the 
usual  temperature-dependent  characteristic  of  a 
thermistor  in  which  its  resistance  varies  inversely  60 
in  proportion  to  temperature.  The  temperature 
varying  response  of  the  thermistor  26  in  this 
temperature  compensation  circuit  virtually 
assures  thermal  stability  of  the  remote  sensor  12 
over  an  extremely  broad  temperature  range.  65 

The  operation  of  each  remote  sensor  12  is 
completely  independent  of  every  other  remote 
sensor  12  because  dedicated  circuitry  in  the 
power  and  logic  unit  14  supplies  each  channel 
and  remote  sensor  1  2  with  supply  voltages  Vs  and 
VH  and  also  processes  the  output  signal  Vo  of 
each  individual  sensor  12.  Accordingly,  the  failure 
of  a  component  in  any  one  channel  would  not 
affect  the  performance  and  proper  operation  of 
other  channels  of  the  system. 

The  power  and  logic  unit  14  contains  the  power 
supplies  to  supply  the  voltages  Vs  and  VH  to  the 
individual  sensors  12,  and  also  includes  circuitry 
to  process  the  analog  output  voltage  Vo  of  each 
sensor.  When  an  analog  voltage  Vo  exceeds  a 
threshold  value  in  terms  of  a  safe  %  LEL,  as 
explained  herein  above,  an  annunciation  signal  is 
generated.  The  power  and  logic  unit  also  contains 
diagnostic  Built  In  Test  (BIT)  sequences,  as 
described  in  greater  detail  hereinbelow. 

The  control  and  display  panel  16  provides  the 
system  interface  with  the  pilot  and  enables  the 
testing  of  the  system,  with  various  test  functions 
as  described  below,  and  also  functions  as  the 
annunciation  display  to  alert  the  pilot  to  a  poten- 
tially  explosive  level  of  combustible  vapor  in  the 
aircraft. 

Figure  3  illustrates  an  exploded  view  of  the 
components  of  one  remote  sensor  12.  The  sensor 
cell  18  is  positioned  behind  a  fine  100  mesh 
screen  34  which  is  secured  in  place  by  a  retainer 
ring  36.  The  fine  mesh  screen  34  functions  as  both 
an  input  port  and  a  flame  arrestor  for  the  sensor 
cell  18.  A  female  electrical  connector  38  couples 
to  pin  connectors  projecting  from  the  rear  of  the 
sensor  cell  18,  and  supplies  the  several  electrical 
connections  shown  in  Figures  1  and  2.  A  housing 
40  defines  a  circular  recess  or  well  42  therein  in 
which  the  electrical  connector  38  is  mounted  by 
suitable  fastener  elements  such  as  screws  43 
extending  through  holes  44  in  the  periphery  of  the 
connector  into  suitable  threaded  apertures  45 
formed  in  the  housing  40.  A  shielded  cable  46, 
only  the  forward  section  of  which  is  shown  in 
Figure  3,  extends  from  the  remote  sensor  12 
through  the  aircraft  to  the  power  and  logic  unit  14. 

A  cover  48  is  positioned  over  the  sensor  cell  18 
on  housing  40,  and  a  second  fine  100  mesh  screen 
50  is  positioned  over  the  cover  48  and  is  secured 
in  place  by  a  bezel  52.  Suitable  fasteners  such  as 
screws  53  extend  through  holes  54  in  the  bezel  52 
and  holes  56  in  the  cover  48  into  suitably  threaded 
apertures  58  in  the  housing  40.  The  second  mesh 
screen  50  functions  similar  to  the  first  mesh 
screen  34  to  provide  an  input  port  and  also  flame 
arrestor  structure  for  the  sensor  12.  This  struc- 
tural  combination  of  at  least  two  spaced,  strategi- 
cally  located  fine  mesh  screens  virtually  ensures 
explosion  suppression  and  flame  arresting  func- 
tions  for  the  system  in  the  event  of  arcing  due  to 
electrical  malfunction  within  the  cell  18. 

The  sensor  12  is  supported  in  position  in  the 
aircraft  by  a  mounting  bracket  60  to  which  it  is 
secured  by  fasteners  such  as  screws  62  extending 
through  holes  64  in  the  bracket  60  into  suitably 
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laboratory  calibration  data  on  the  sensor  12  for 
that  channel  to  a  selected  alarm  annunciation 
threshold  voltage. 

Figures  4  and  5  illustrate  normal  operation  of 
5  the  CVDS  system  in  the  sensing  mode.  The 

voltage  comparator  82  normally  produces  a  low 
or  zero  voltage  signal  at  its  output  when  sensor 
voltage  Vo  is  less  than  the  threshold  voltage  VR 
for  that  channel.  However,  if  the  sensor  voltage 

10  Vo  reaches  or  exceeds  the  threshold  voltage  VR, 
the  comparator  82  produces  a  positive  (+15  VDC) 
output  signal.  Asmall  portion  of  this  output  signal 
is  fed  back  on  line  84  to  the  Vo  input  line  to  assure 
a  positive  "snap  action"  switch-over  when  Vo 

is  exceeds  VR. 
When  the  sensor  signal  Vo  plus  the  positive 

feedback  to  the  Vo  input  of  voltage  comparator  82 
is  less  than  or  equal  to  the  reference  voltage  VR 
(as  when  changing  from  a  positive  to  a  more 

20  negative  value)  the  comparator  output  is 
switched  from  +15  VDC  back  to  0  VDC,  thereby 
interrupting  the  ground  path  for  the  alarm  relay. 
Excellent  "snap  action"  of  the  voltage  comparator 
82  is  obtained  because  the  positive  feedback 

25  voltage  is  removed  and  the  signal  voltage 
becomes  even  more  negative  with  respect  to  the 
reference  voltage  VR.  In  one  designed  circuit,  the 
threshold  voltage  for  a  positive  going  input  was 
chosen  to  be  0.2  VDC  more  positive  for  annuncia- 

30  tion  than  turn-off  for  a  negative  going  input.  This 
"hysteresis"  is  added  to  preclude  a  hunt  situation 
when  the  input  signal  Vo  approaches  the  set  point 
or  reference  voltage.  VR  from  either  direction. 

The  output  signal  of  the  comparator  on  line  86 
35  is  directed  to  an  AND  gate  88,  which  has  as  other 

inputs  an  enable  signal  on  line  90  from  the  control 
panel  16  which  is  supplied  thereto  when  the 
system  is  on.  The  reason  for  the  plurality  of  inputs 
to  AND  gate  88  from  line  90  will  become  apparent 

40  from  the  explanation  of  the  diagnostic  features  of 
the  present  invention  set  forth  hereinbelow.  The 
output  signal  of  the  comparator  on  line  86  is  also 
directed  to  an  LED  92,  normally  on  the  printed 
circuit  board,  to  annunciate  proper  operation  of 

45  the  circuit.  The  output  signal  of  AND  gate  80  is 
directed  through  an  OR  gate  94,  the  function  of 
which  is  discussed  below,  the  output  of  which  is 
taken  as  an  annunciate  signal  for  that  channel. 
Each  channel  can  also  include  a  level  converter 

so  circuit  96,  the  output  of  which  actuates  a  switch 
98,  such  as  a  transistor,  which  completes  a 
ground  for  an  alarm  relay  in  the  control  and 
display  unit  16.  Completion  of  the  ground  causes 
the  relay  to  actuate,  which  causes  the  annuncia- 

55  tion  light  LOC-N  for  that  channel  to  illuminate, 
thereby  indicating  a  potential  hazard  and  identify- 
ing  its  location  to  the  pilot  of  the  aircraft. 

The  system  also  includes  a  Built-in-Test  (BIT) 
diagnostic  feature  adapted  to  ensure  the  func- 

60  tionability  of  the  system  by  enabling  a  pilot  to 
individually  test,  at  any  time,  the  continuity  of  the 
sensor  element,  the  temperature  compensation 
circuitry,  and  the  heater  circuitry.  The  BIT  feature 
will  cause  annunciation  to  occur  on  the  system 

65  display  panel  16  if  each  of  the  three  aforemen- 

positioned  threaded  apertures  in  the  back  of 
housing  40.  Resilient  vibration  isolators  or 
attenuators  66,  which  may  be  suitable  rubber 
grommets,  are  provided  around  the  shanks  of 
screws  62  located  between  the  bracket  60  housing 
40,  and  provide  a  significant  protective  feature  of 
the  mounting  structure  for  the  remote  sensor  12. 
The  screws  62  and  resilient  isolators  66  provide 
vibration  and  shock  attenuation  for  the  sensor, 
and  the  screws  62,  by  selective  tightening  thereof, 
allow  the  vibration  attenuation  to  be  tuned  to 
eliminate  transmission  to  the  sensor  12  of 
troublesome  vibrational  frequencies  in  the  air- 
craft.  Additionally,  the  attenuators  or  grommets 
may  be  suitably  dimensioned  in  conformance 
with  expected  vibration  frequencies  and  inten- 
sities.  The  manner  in  which  the  sensor  is 
mounted  in  the  mounting  bracket  is  designed  to 
attenuate  frequencies  which  are  detrimental  to 
operation  of  the  sensor  cell,  and  will  thus  ensure 
dynamic  stability  of  the  system  against  encoun- 
tered  shocks  and  vibrations.  The  sensor  as 
described  herein  has  been  constructed  and 
tested,  and  has  proven  to  be  rugged,  dependable 
in  operation  and  economical. 

The  sensor  cell  housing  as  described  and  illus- 
trated  herein  is  designed  and  configured  to 
optimize  the  performance  of  the  sensor.  The 
sensor  housing  is  also  mounted  to  minimize 
water  entrapment. 

Figure  4  is  a  block  diagram  of  the  major  com- 
ponents  of  one  channel  of  the  power  and  logic 
unit  14  (PLU).  Power  from  the  aircraft  is  supplied 
through  the  control  and  display  16  to  the  power 
and  logic  unit  14.  The  power  and  logic  unit  14 
includes  separate  dedicated  circuitry  for  each 
channel,  such  that  the  failure  of  a  component  or 
circuit  in  one  channel  will  not  affect  the  operation 
of  other  channels. 

The  separate  dedicated  circuits  for  each 
channel  includes  two  voltage  regulator  circuits  70 
and  72  for  supplying  respectively  the  voltages  VH 
(5  VDC)  and  Vs  (15  VDC),  circuits  for  processing 
the  output  signal  from  the  remote  sensor  for  that 
channel,  and  diagnostic  circuit  connections.  The 
separate  dedicated  circuits  for  each  channel  can 
be  supplied  on  a  separate  dedicated  printed 
circuit  board,  such  that  N  channels  would  require 
N  substantially  identical  circuit  boards  in  the 
power  and  logic  unit  along  with  common  con- 
necting  circuits  therefor.  Each  voltage  regulator 
circuit  includes  a  trim  potentiometer,  respectively 
74,  76,  associated  therewith  in  order  to  finely 
adjust  its  output  supply  voltage.  Each  voltage 
regulator  circuit  can  also  include  a  test  point  (not 
shown),  as  is  commonly  available  on  these  cir- 
cuits  for  testing  thereof,  and  a  light-emitting 
diode  (LED),  respectively  78,  80,  to  annunciate 
functionability  of  the  voltage  regulator  circuit. 

Each  channel  of  the  CVDS  system  is  also  pro- 
vided  with  a  voltage  comparator  82,  which  may 
be  of  the  quad  type,  wherein  the  output  voltage 
Vo  provided  by  the  sensor  unit  12  for  that  channel 
is  compared  with  a  settable  threshold  voltage  VR, 
adjustable  by  a  potentiometer  84  according  to 
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tioned  circuit  portions  is  operational,  and  will 
preclude  annunciation  from  occurring  if  any  of 
the  circuit  portions  has  failed  the  tests  in  the  BIT 
diagnostic  feature. 

Operation  of  a  Built-in-Test  (BIT)  function  incor-  5 
porated  within  the  power  and  logic  unit  14  is 
divided  into  three  functional  areas,  each  corre- 
sponding  to  validation  of  the  operation  and  per- 
formance  of  the  heater  element,  sensor,  and 
temperature  compensation  network  associated  10 
with  each  sensor  12.  Operation  of  the  BIT  function 
also  tests  a  channel's  corresponding  power  and 
logic  circuitry  in  the  power  and  logic  unit  14  and 
the  control-display  panel  16.  The  BIT  function  can 
be  actuated  by  depressing  a  test  switch  1  00  on  the  15 
control  panel  16.  An  optional  design  could  also 
provide  an  additional  test  switch  in  the  power  and 
logic  unit  to  actuate  the  BIT  function. 

The  BIT  function  can  be  simply  described  by 
comparing  the  simplified  block  diagram  of  Figure  20 
5,  which  illustrates  the  normal  operation  of  one 
sensor-PLU  channel,  with  that  of  Figure  6  which 
illustrates  the  same  channel  in  the  BIT  mode. 
Basically,  activation  of  the  BIT  function  isolates 
the  sensor  element  22  from  the  compensator  25 
network  24,  26,  and  replaces  the  normal  load 
resistor  24  with  a  test  resistor  102  such  that  the 
resulting  output  voltage  Vos  from  the  isolated 
sensor  22  is  greater  than  the  reference  voltage  VR. 
This  results  in  the  voltage  comparator  82  going  30 
high  and  annunciation  of  diode  92  which  com- 
pletes  the  validation  of  the  sensor  circuit.  The  BIT 
function  also  isolates  the  temperature  compensa- 
tion  network  24,  26,  applies  voltage  Vs  thereto, 
and  inserts  another  test  resistor  104  into  the  35 
circuit.  The  resultant  output  signal  Voc  is 
designed  to  be  greater  than  the  fixed  reference 
voltage  VR.  A  voltage  comparator  106,  similar  in 
concept  and  operation  to  voltage  comparator  82, 
goes  high,  and  an  annunciator  LED  108  is  illumi-  40 
nated,  completing  the  validation  of  the  tempera- 
ture  compensation  network.  Finally,  the  BIT  func- 
tion  isolates  the  heater  element  20,  applies  volt- 
age  VH  thereto,  and  inserts  a  third  test  resistor  110 
in  the  circuit.  The  resultant  output  signal  VOh  is  45 
designed  to  be  greater  than  the  fixed  reference 
voltage  VR.  A  voltage  comparator  112,  similar  in 
concept  and  operation  to  voltage  comparator  82, 
goes  high,  and  an  annunciator  LED  114  is  illumi- 
nated,  completing  validation  of  the  heater  so 
element  circuit. 

During  the  BIT  diagnostic  testing  sequence,  a 
test  signal  is  supplied  to  AND  gate  88  on  line  1  T5, 
and  if  all  of  the  tested  components  are  operating 
correctly,  the  other  three  inputs  to  the  AND  gate  55 
will  also  be  high,  thereby  enabling  the  AND  gate 
and  illuminating  the  annunciator  warning  light  for 
that  channel.  All  of  the  other  channels  are  simul- 
taneously  tested  by  the  BIT  diagnostic  sequence 
in  a  similar  manner,  such  that  all  of  the  annun-  60 
ciator  warning  lights  in  the  display  panel  16  will 
be  illuminated  if  all  of  the  tested  components  of 
the  system  are  operating.  During  normal  oper- 
ation  of  the  system,  illustrated  in  Figures  4  and  5, 
an  enable  input  signal  on  line  90  is  directed  to  65 

three  inputs  of  AND  gate  88,  and  thus  only  an 
additional  high  output  signal  on  line  86  is 
required  for  annunciation  to  occur  in  any  one 
channel.  The  OR  gate  94  passes  on  any  annuncia- 
tion  signal  from  AND  gate  88,  and  additionally 
has  a  test  input  line  117  which  allows  only  the 
annunciator  light  to  be  tested  by  depression  of 
the  LAMP  TEST  switch  on  display  panel  16. 

The  isolation  of  the  various  components  during 
utilization  of  the  BIT  diagnostic  feature  is  illus- 
trated  in  Figures  5  and  6  by  connections  116, 
which  can  be  suitable  switching  components. 

The  BIT  function  utilizes  both  the  VH  and  the  Vs 
power  supplies  in  each  channel  so  as  to  ensure 
validation  of  circuit  continuity,  as  well  as  com- 
parator  and  logic  circuit  operational  integrity,  and 
all  external  wiring  associated  with  signal,  oper- 
ational  and  heater  voltages.  The  LED  displays  78, 
80,  92,  108,  114  are  located  on  each  circuit  board 
servicing  that  particular  PLU  channel.  During 
operation  in  the  BIT  mode,  all  of  the  annunciator 
LEDs  on  all  of  the  circuit  boards  should  be  lighted, 
and  a  nonlighted  LED  would  allow  a  malfunction 
to  be  rapidly  located  and  diagnosed. 

The  BIT  function  simulates  an  alarm  condition 
and,  as  such,  will  result  in  an  alarm  indication  on 
all  of  the  LOC  warning  lights  on  the  control  and 
display  console  as  well  as  a  deactivation  of  all 
logically  interconnected  equipment,  as  described 
below.  The  combustible  vapor  detector  system 
basically  detects  the  presence  and  location  of  a 
potentially  hazardous  accumulation  of  vapor  and 
air  mixture  prior  to  its  reaching  a  selectable 
percent  of  its  lower  explosive  limit.  In  addition  to 
the  annunciation  thereof,  the  system  can  also  be 
designed  to  shut  off  all  nonessential  equipment  in 
the  location  of  the  potential  hazard,  such  as  high 
power  electronic  and  electrical  equipment  (e.g. 
radar  equipment)  in  the  hazard  area.  Circuits  and 
equipment  for  this  function  could  be  included  in 
the  control  and  display  portion  16.  One  designed 
embodiment  of  the  control  and  display  unit  16 
had  five  relays  associated  therewith,  one  alarm 
relay  for  each  channel  as  already  described 
above,  and  a  fifth  for  a  deactivation  control  logic 
for  the  entire  system,  not  described  in  detail 
herein.  Moreover,  the  designed  embodiment  also 
included  a  ground-test/normal  switch,  as  illus- 
trated  in  Figure  1,  designed  to  offer  the  pilot 
various  options  regarding  utilized  power  sup- 
plies,  and  that  function  is  also  not  described  in 
detail  herein  since  it  is  not  pertinent  to  an  under- 
standing  of  the  present  invention. 

Operation  of  the  overall  system  is  essentially 
automatic  once  electrical  power  has  been  sup- 
plied  thereto.  An  initial  activation  of  the  CVDS 
system  will  generally  cause  all  four  LOC  lamps  to 
annunciate  for  as  long  as  five  minutes,  depending 
upon  the  amount  of  time  the  system  had  been 
unpowered.  This  condition  is  inherent  in  the 
design,  and  is  caused  by  normal  atmosphere 
contaminants  building  up  on  the  unpowered  sen- 
sor  cells,  causing  high  cell  conductance.  These 
contaminants  burn  off  under  normal  clean  air 
conditions  in  a  matter  of  minutes.  It  is  important, 
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circuit  board  (14)  comprising  at  least  one  annun- 
ciator  light  (78,  80,  92,  108,  114)  thereon  for 
indicating  proper  operation  of  the  components  of 
said  separate  electrical  channel  (46);  and 

5  g.  said  failure  detection  means  are  diagnostic 
means  (Figure  5,  6)  enabling  the  operator  for 
individually  testing  at  any  time  the  combustible 
vapor  detection  system  for  operation,  said  means 
indicating  (78,  80,  92,  108,  114)  a  malfunction 

w  thereof  to  said  operator. 
2.  A  system  as  claimed  in  Claim  1,  each  circuit 

board  comprising  at  least  one  annunciator  LED 
(78,  80)  for  indicating  proper  operation  of  its  power 
(Vs,  VH)  supplies  and  at  least  one  annunciator  LED 

15  (92,  108,  114)  for  indicating  proper  operation  of  its 
vapor  sensor  (12-1  12-N). 

3.  A  system  as  claimed  in  Claim  1  or  2  further 
comprising: 

a.  each  vapor  sensor  (12-1  12-N)  comprising 
20  a  semiconductor  gas  sensor  element  (22)  wherein 

adsorption  of  select  types  of  vapors  on  its  surface 
decreases  its  resistance,  and  having  a  heater 
element  (20)  for  thermally  activating  surface  reac- 
tions  on  the  semiconductor  sensor  element  (22); 

25  b.  each  vapor  sensor  (12-1  12-N)  having  a 
temperature  compensation  circuit  (26),  including  a 
thermistor  (26),  for  providing  thermally  stable 
operation  for  the  vapor  sensor  (12-1  12-N); 
and 

30  c.  each  circuit  board  (14,  1  6)  comprising  first  and 
second  power  (VS,VH)  supplies,  the  first  power  (Vs) 
supply  being  for  the  vapor  sensor  element  (22)  and 
the  second  power  (VH)  supply  being  for  the  heater 
element  (20),  and  five  annunciator  LEDs  (78,  80,  92, 

35  108,  114),  first  and  second  LEDs  (78,  80)  for 
indica'ting  operation  of  the  first  and  second  power 
(Vs,  VH)  supplies,  a  third  LED  (92)  for  indicating 
operation  of  the  semiconductor  vapor  sensor 
element  (22),  a  fourth  LED  (108)  for  indicating 

40  operation  of  the  temperature  compensation  circuit 
(26),  and  a  fifth  LED  (114)  for  indicating  operation 
of  the  heater  element  (20). 

4.  A  system  as  claimed  in  Claim  2  or  3,  said 
diagnostic  means  enabling  ail  five  LEDs  (78,  80,  92, 

45  108,  114)  on  each  circuit  board  (14),  and  further 
enabling  each  annunciator  indicator  (LOC1  . . .  
LOC4)  during  an  operational  test  in  which  all  of  the 
tested  components  (Vs,  VH,  14,  22,  20)  are  oper- 
ating. 

so  5.  A  system  as  claimed  in  Claim  1  ,  2,  3  or  4,  said 
central  control  (14,  16)  means  including  a  control 
and  display  panel  (16),  and  said  annunciator 
indicators  comprising  annunciator  lights  (LOCI 
...  LOC4)  on  said  control  and  display  panel  (16). 

55  6.  A  system  as  claimed  in  one  of  the  claims  1  to  5, 
said  diagnostic  means  including  a  diagnostic 
testing  switch  (100)  on  said  control  and  display 
panel  (16)  for  actuating  testing  of  the  system. 

7.  A  system  as  claimed  in  one  of  the  claims  1  to  6 
60  comprising: 

a.  a  housing  (40)  for  each  combustible  vapor 
sensor  element  (12-1  12-N),  and  defining  an 
input  port  therefor; 

b.  a  first  fine  mesh  screen  (34)  provided  over  said 
65  input  port;  and 

however,  to  refrain  from  activating  any  potential 
ignition  source  until  such  time  as  all  of  the 
annunciators  extinguish. 

One  designed  embodiment  of  the  present  inven- 
tion  was  constructed  with  CMOS  logic  designed  to 
MILSPEC  standards.  Performance  was  very  satis- 
factory  in  several  operational  environments.  The 
concepts  of  the  present  invention  are  flexible  and 
adaptable  to  many,  varied  applications  and 
environments. 

While  one  detailed  embodiment  and  several 
variations  of  the  present  invention  for  a  combust- 
ible  gas  detection  system  are  described  in  detail 
herein,  it  should  be  apparent  that  the  disclosure 
and  teachings  of  the  present  invention  will  suggest 
many  alternative  designs  to  those  skilled  in  the  art. 

Claims 

1.  A  combustible  vapor  detection  system  for 
detecting  and  annunciating  the  presence  of  com- 
bustible  vapors,  comprising: 

a.  a  plurality  of  combustible  vapor  sensors  (12-1 
12-N),  each  combustible  vapor  sensor  (12-1 
12-N)  having  a  resistance  which  varies  in 

dependence  upon  the  concentration  of  a  combust- 
ible  vapor  to  be  detected,  such  that  it  produces  an 
electrical  output  signal  (Vo)  which  varies  in 
dependence  upon  the  concentration  of  the  com- 
bustible  vapor; 

b.  a  central  control  means  (14,  16),  including 
separate  threshold  circuits  receiving  the  plurality 
of  electrical  output  signals  Vo,  for  comparing  (82) 
each  electrical  signal  with  a  separate  threshold 
value  Vn  for  each  vapor  sensor  (12-1  12-N), 
which  by  an  electrical  channel  (46)  is  connected  to 
a  circuit  board  (14),  said  central  control  means  (14, 
16)  generating  an  annunciation  signal  (LOC1 
L0C4)  when  the  electrical  output  signal  (Vo)of  one 
of  said  vapor  sensors  (12-1  12-N)  surpasses 
said  threshold  VR, 

c.  failure  detection  means  for  detection  of  a 
malfunction 

said  vapor  detection  system  being  characterized 
in  that, 

d.  for  vapor  detection  on  an  aircraft  at  a  plurality 
of  locations  thereof 

e.  said  central  control  means  is  established  such 
that  the  individual  characteristic  of  each  vapor 
sensor  (12-1  12-N)  is  considered  in  setting  its 
threshold  value  (VR),  and  the  threshold  value  (VR) 
for  each  vapor  sensor  (12-1  12-N)  being  set  at 
a  level  corresponding  to  a  fraction  of  the  concen- 
tration  of  combustible  vapors  in  air  which  will  just 
support  combustion, 

f.  a  plurality  of  annunciator  indicators  (LOC1  . . . .  
LOC4)  is  provided,  one  for  each  combustible  vapor 
sensor  (12-1  12-N),  for  separately  signalling 
the  occurrence  of  each  of  the  annunciation  signals 
to  an  operator,  said  central  control  means  (14,  16) 
including  a  separate  dedicated  circuit  board  (14) 
for  each  vapor  detector  (12-1  12-N),  and  said 
electrical  channel  (46)  including  separate  power 
supply  (Vs,  VH)  between  each  vapor  sensor  (12-1 

12-N)  and  its  circuit  board  (14),  and  each 
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c.  a  second  fine  mesh  screen  (50)  spaced  from 
said  first  fine  mesh  screen  (34)  and  also  extending 
over  said  input  port,  to  virtually  ensure  provision 
of  effective  explosion  suppression  and  flame 
arresting  functions.  5 

8.  A  system  as  claimed  in  Claim  7,  said  combust- 
ible  vapor  sensor  (12-1  ... .   12-N)  comprising  a 
semiconductor  gas  sensor  element  (22)  wherein 
adsorption  of  combustible  vapors  on  its  surface 
decreases  its  resistance,  and  a  heater  element  (20)  w 
for  thermally  activating  surface  reactions  on  the 
semiconductor  gas  sensor  element  (22),  whereby 
the  first  and  second  spaced  fine  mesh  screens  (34, 
50)  provide  isolation  of  the  heater  element  (20)  to 
provide  effective  explosion  suppression  and  flame  w 
arresting  functions. 

9.  A  system  as  claimed  in  Claim  8,  said  first  and 
second  fine  mesh  screens  (34,  50)  defining  respec- 
tively  smaller  and  larger  convex  surfaces  which 
are  positioned,  spaced  from  each  other,  over  said  20 
input  port  and  said  sensor  element  (22). 

10.  A  system  as  claimed  in  Claim  8  or  9,  further 
comprising: 

a.  a  mounting  bracket  (60)  for  said  sensor 
element  (22);  25 

b.  a  plurality  of  resilient  vibration  attenuators 
(66)  positioned  between  said  bracket  (60)  and  said 
vapor  sensor  (12-1  ... .   12-N)  for  providing  vibra- 
tion  and  shock  isolation  and  attenuation  for  the 
vapor  sensor  (12-1  . . . .   12-N).  30 

1  1  .  A  system  as  claimed  in  Claim  1  0,  said  vapor 
sensor  (12-1  ... .   12-N)  being  secured  to  said 
mounting  bracket  (60)  by  a  plurality  of  screws  (62), 
and  said  plurality  of  attenuators  (66)  being 
mounted  on  the  screw  (62)  shafts  between  said  35 
mounting  bracket  (60)  and  said  vapor  sensor  (12-1 

12-N),  said  screws  (62)  being  selectively 
tightenable  to  tune  the  vibration  attenuation  by 
said  resilient  attenuators  (66)  to  minimize  trans- 
mission  to  the  vapor  sensor  (12-1  . . . .   12-N)  of  40 
vibration  frequencies  which  are  particularly  detri- 
mental  to  its  operation. 

12.  A  system  as  claimed  in  Claim  11,  each 
resilient  vibration  attenuator  (66)  comprising  a 
rubber  grommet.  45 

Patentanspruche 

1.  Detektorsystem  brennbarer  Dampfe  zum 
Erfassen  und  Melden  der  Anwesenheit  brennbarer  50 
Dampfe,  mit 

a)  mehreren  Fuhlern  brennbarer  Dampfe  (12-1 
12-N),  wobei  jeder  FGhler  brennbarer  Dampfe 

einen  Widerstandwert  besitzt,  der  sich  abhangig 
von  der  Konzentration  eines  zu  erfassenden  55 
brennbaren  Dampfes  so  andert,  daB  er  ein  elektri- 
sches  Ausgangssignal  (Vo)  erzeugt,  das  sich 
abhangig  von  der  Konzentration  der  brennbaren 
Dampfe  andert; 

b)  einer  zentralen  Steuereinrichtung  (14,  16)  mit  60 
separaten  Schwellenwertschaltungen,  die  die 
mehreren  elektrischen  Ausgangssignale(Vo)emp- 
fangen,  zum  Vergleich  (82)  jedes  elektrischen 
Ausgangssignals  mit  einem  fur  jeden  Dampf- 
Fiihler  (12-1  ... .   12-N)  getrennt  vorgesehenen  65 

Schwellenwert  (VR),  der  iiber  einen  elektrischen 
Kanal  (46)  mit  einer  Schaltungsplatte  (14)  verbun- 
den  ist,  wobei  die  zentrale  Steuereinrichtung  (14, 
16)  ein  Meldesignal  (LOC1  LOC4)  erzeugt, 
wenn  das  elektrische  Ausgangssignal  (Vo)  eines 
der  Dampf-Fuhler  (12-1  12-N)  diesen  Schwel- 
lenwert  (VR)  iiberschreitet,  und 

c)  einer  Fehlerdetektoreinrichtung  zum  Erfassen 
einer  Fehlfunktion, 

wobei  das  Detektorsystem  brennbarer  Dampfe 
dadurch  gekennzeichnet  ist,  daK 

d)  zum  Dampf-Erfassen  an  Bord  eines  Flugzeugs 
an  mehreren  Stellen  davon 

e)  die  zentrale  Steuereinrichtung  so  ausgebildet 
ist,  daB  ie  individuelle  Charakteristik  jedes  Dampf- 
Fuhlers(12-1  . . . .   12-N)  bei  der  Einstellung  dessen 
Schwellenwertes  (VR)  berucksichtigt  ist  und  der 
Schwellenwert  (VR)  fur  jeden  Dampf-Fuhler  (12-1 

12-N)aufeinenPegeleingestellt  ist,  der  einem 
Teil  derjenigen  Konzentration  der  brennbaren 
Dampfe  in  Luft  entspricht,  bei  der  gerade  Verbren- 
nung  moglich  ist; 

f)  mehrere  Melde-Anzeigeelemente  (LOC1  . . . .  
LOC4)  vorgesehen  ist,  namlich  eines  fur  jeden 
Dampf-Fuhler  (12-1  12-N),  urn  einer  Bedie- 
nungspersondasAuftretendereinzelnen  Meldesi- 
gnale  getrennt  zu  signalisieren,  wobei  die  zentrale 
Steuereinrichtung  (14,  16)  fur  jeden  der  Dampf- 
Fuhler  (12-1  12-N)  jeweils  eine  eigene, 
getrennte  Schaltungsplatte  aufweist  und  der  elek- 
trische  Kanal  (46)  zwischen  jedem  Dampf-Fuhler 
(12-1  12-N)  und  dessen  Schaltungsplatte  (14) 
eine  getrennte  Stromversorgung  (Vs,  VH)  aufweist, 
und  jede  Schaltungsplatte  (14)  wenigstens  eine 
Meldelampe  (78,  80,  92,  108,  114)  zur  Anzeige  des 
einwandfreien  Betriebes  der  Komponenten  dieses 
getrennten  elektrischen  Kanals  (46)  tragt,  und 

g)  die  Fehlerdetektoreinrichtung  eine  Diagnose- 
Einrichtung  (Fig.  5,  6)  ist,  die  es  der  Bedienungs- 
person  jederzeit  ermoglicht,  die  Funktion  des 
Detektorsystems  brennbarer  Dampfe  individuell 
auf  Betriebsfahigkeit  zu  testen,  wobei  die  anzei- 
gende  Einrichtung  (78,  80,  92,  108,  114)  der 
Bedienungsperson  dessen  Fehlfunktion  anzeigt. 

2.  Ein  System  nach  Anspruch  1  ,  in  welchem  jede 
Schaltungsplatte  wenigstens'  eine  Anzeige-LED 
(78,  80)  zur  Anzeige  des  einwandfreien  Betriebs 
ihrer  Stromversorgung  (Vs,  VH)  sowie  wenigstens 
ein  Anzeige-LED  (92,  108,  114)  zur  Anzeige  des 
einwandfreien  Betriebes  deren  Dampf-Fuhlers 
(12-1  12-N)  aufweist. 

3.  Ein  System  nach  Anspruch  1  oder  2,  in 
welchem  ferner 

a)  jeder  Dampf-Fuhler  (12-1  12-N)  ein 
Halbleiter-Gassensorelement  (22)  aufweist,  des- 
sen  Widerstandswert  verringert  wird,  wenn  aus- 
gewahlte  Dampf-Arten  an  seiner  Oberflache 
absorbiert  werden,  und  das  ein  Heizelement  (20) 
zur  thermischen  Aktivierung  der  Oberf  lachenreak- 
tionen  auf  dem  Halbleitersensorelement  (22)  auf- 
weist; 

b)  jeder  Dampf-Fuhler  (12-1  12-N)  eine 
Temperatur  kompensationsschaltung  (26)  mit 
einem  Thermistor  (26)  besitzt,  urn  thermisch  stabi- 
len  Betrieb  fur  den  Dampf-Fuhler  zu  erreichen; 
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b)  mehreren  elastischen  Vibrationsdampfern 

(66),  die  zwischen  dem  Bugel  (60)  und  dem 
Dampf-Fuhler  (12-1  12-N)  angeordnet  sind, 
urn  eine  Vibrations-  und  StolS-lsolierung  und 
-Dampfung  fur  den  Dampf-Fuhler  (12-1  12-N) 
zu  bewirken. 

11.  Ein  System  nach  Anspruch  10,  in  welchem 
der  Dampf-Fuhler  (12-1  12-N)  an  dem  Monta- 
gebiigel  (60)  mit  mehreren  Schrauben  (62)  befe- 
stigt  ist  und  die  mehreren  Dampfern  (66)  auf  den 
Schaften  der  Schrauben  (62)  zwischen  dem  Mon- 
tagebiigel  (60)  und  dem  Dampf-Funler  (12-1  . . . .  
12-N)  angeordnet  sind,  wobei  die  Schrauben  (62) 
selektiv  angezogen  werden  konne,  um  die  Vibra- 
tionsdampfung  durch  die  elastischen  Dampfer 
(66)  abzustimmen,  um  die  Ubertragung  von  fur 
dessen  Funktion  besonders  schadlichen  Vibra- 
tionsfrequenzen  zu  dem  Dampf-Fuhler  zu  mini- 
mieren. 

12.  Ein  System  nach  Anspruch  11,  in  welchem 
jeder  elastischen  Vibrationsdampfer  (66)  einen 
Gummipuffer  aufweist. 

Revendications 

c)  jede  Schaltungsplatte  (14,  16)  eine  erste  und 
eine  zweite  Stromversorgung  (Vs,  VH)  aufweist, 
wobei  die  erste  Stromversorgung  (Vs)  fur  das 
Dampfsensorelement  (22)  und  die  zweite  Strom- 
versorgung  (VH)  fur  das  Heizelement  (20)  sind, 
sowie  fiinf  Anzeige-LEDs  (78,  80,  92,  108,  114), 
von  denen  die  erste  und  die  zweite  LED  (78,  80) 
den  Betrieb  der  ersten  und  derzweiten  Stromver- 
sorgung  (Vs,  VH),  eine  dritte  LED  (92)  den  Betrieb 
des  Halbleiterdampfsensorelements  (22),  eine 
vierte  LED  (108)  den  Betrieb  derTemperaturkom- 
pensationsschaltung  (26)  und  eine  funfte  LED 
(114)  den  Betrieb  des  Heizelements  (20)  anzeigen. 

4.  Ein  System  nach  Anspruch  2  oder  3,  in 
welchem  die  Diagnose-Einrichtung  alle  funf  LEDs 
(78,  80,  92,  108,  114)  auf  jeder  Schaltungsplatte 
(14)  und  auBerdem  jedes  Melde-Anzeigeelement 
(LOC1  LOC4)  wahrend  eines  Betriebstests, 
bei  dem  alle  getesteten  Komponenten  (Vs,  VH,  14, 
22,  20)  in  Betrieb  sind,  freigibt. 

5.  Ein  System  nach  Anspruch  1,  2,  3  oder  4,  in 
welchem  die  zentrale  Steuereinrichtung  (14,  16) 
eine  Steuer-  und  Anzeigetafel  (16)  aufweist  und 
die  Melde-Anzeigeelemente  Meldelampen  (LOC1 

LOC4)  auf  dieser  Steuer-  und  Anzeigetafel 
(16)  aufweisen. 

6.  Ein  System  nach  einem  der  Anspruche  1  bis 
5,  in  welchem  die  Diagnose-Einrichtung  einen 
Diagnose-Testschalter  (100)  auf  der  Steuer-  und 
Anzeigetafel  (16)  aufweist,  zum  Auslosen  des 
Tests  des  Systems. 

7.  Ein  System  nach  einem  der  Anspruche  1  bis  6 
mit 

a)  einem  Gehause  (40)  fur  jedes  Fuhlerelement 
brennbarer  Dampfe  (12-1  12-N),  das  eine 
Eingangsoffnung  hierfur  definiert, 

b)  einem  ersten  feinmaschigen  Gitter  (34),  das 
uber  dieser  Eingangsoffnung  angeordnet  ist,  und 

c)  einem  zweiten  feinmaschigen  Gitter  (50)  im 
Abstand  von  dem  ersten  feinmaschigen  Gitter 
(34),  das  sich  ebenfalls  uber  die  Eingangsoffnung 
erstreckt,  um  wirksamen  Explosionsschutz  und 
Flammensperre  virtuell  zu  gewahrleisten. 

8.  Ein  System  nach  Anspruch  7,  in  dem  der 
Fuhler  brennbarer  Dampfe  (12-1  . . . .   12-N)  ein 
Halbleiter-Gassensorelement  (22)  aufweist,  des- 
sen  Widerstandswert  verringert  wird,  wenn  auf 
seiner  Oberflache  brennbare  Dampfe  adsorbiert 
werden,  sowie  ein  Heizelement  (20)  zur  thermi- 
schen  Aktivierung  von  Oberflachenreaktionen  auf 
dem  Halbleiter-Gassensorelement  (22),  wobei  das 
erste  und  das  zweite  feinmaschige  Gitter  (34,  50) 
eine  Isolierung  des  Heizelements  (20)  bewirken, 
um  wirksamen  Explosionsschutz  und  Flammen- 
sperre  zu  bewirken. 

9.  Ein  System  nach  Anspruch  8,  in  welchem  das 
erste  und  das  zweite  feinmaschige  Gitter  (34,  50) 
eine  kleinere  bzw.  groBere  konvexe  Oberflache 
bestimmen,  die  im  Abstand  voneinander  uber  der 
Eingangsoffnung  und  dem  Sensorelement  (22) 
angeordnet  sind. 

10.  Ein  System  nach  Anspruch  8  oder  9,  ferner 
mit 

a)  einem  Montagebiigel  (60)  fur  das  Sensorele- 
ment  (22)  und 

w 

15 

20 

25 
1.  Systeme  de  detection  de  vapeurs  combusti- 

bles,  permettant  de  deceler  et  d'annoncer  la 
presence  de  vapeurs  combustibles,  comprenant: 

(a)  une  serie  de  detecteurs  de  vapeur  combusti- 
30  ble  (12-1  . . . .   12-N),  chaque  detecteur  de  vapeur 

combustible  (12-1  12-N)  presentant  une 
resistance  qui  varie  suivant  la  concentration 
d'une  vapeur  combustible  a  deceler,  de  sorte  qu'il 
produit  un  signal  de  sortie  electrique  (Vo)  qui 

35  varie  d'apres  la  concentration  de  la  vapeur  com- 
bustible; 

(b)  un  dispositif  de  commande  central  (14,  16), 
comprenant  des  circuits  de  seuil  distincts  rece- 
vant  la  serie  des  signaux  de  sortie  electriques  V<j, 

40  pour  la  comparaison  (82)  de  chaque  signal  electri- 
que  avec  une  valeur  de  seuil  distincte  VR  pour 
chaque  detecteur  de  vapeur  (12-1  12-N)  qui, 
par  un  canal  electrique  (46),  est  relie  a  une 
plaquette  a  circuit  (14),  ce  dispositif  de  com- 

45  mande  central  (14,  16)  produisant  un  signal 
d'avertissement  (LOC1  LOC4)  lorsque  le 
signal  de  sortie  electrique  (Vo)  de  I'un  des  detec- 
teurs  de  vapeur  (12-1  12-N)  depasse  la  valeur 
de  seuil  VR, 

so  (c)  des  moyens  de  detection  de  defaillance  pour 
deceler  un  mauvais  fonctionnement, 

ce  systeme  de  detection  de  vapeurs  etant 
caracterise  en  ce  que: 

(d)  pour  la  detection  de  vapeurs  dans  Un  avion,' 
55  en  une  serie  d'endroits  de  celui-ci: 

(e)  le  dispositif  de  commande  central  est  etabli 
de  telle  sorte  que  la  caracteristique  individueile  de 
chaque  detecteur  de  vapeur  (12-1  ... .   12-N)  est 
prise  en  consideration  dans  la  reglage  de  sa 

60  valeur  de  seuil  (VR),  la  valeur  de  seuil  (VR)  pour 
chaque  detecteur  de  vapeur  (12-1  12-N)  etant 
reglee  a  un  niveau  correspondant  a  une  fraction 
de  la  concentration  de  vapeurs  combustibles 
existant  dans  I'air  et  qui  entretiendra  la  combus- 

65  tion, 
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compensation  de  temperature  (26),  et  la  cin- 
quieme  diode  (114)  etant  prevue  pour  donner  une 
indication  du  fonctionnement  de  I'element  chauf- 
fant  (20). 

4.  Systeme  suivant  la  revendication  2  ou  3,  dans 
lequel  les  moyens  de  diagnostic  susdits  valident 
les  cinq  diodes  electroluminescentes  (78,  80,  92, 
108,  114)  existant  sur  chaque  plaquette  a  circuit 
(14),  et  valident  en  outre  chaque  indicateur 
annonciateur  (LOC1  . . . .   LOC4)  durant  un  test  de 
fonctionnement  au  cours  duquel  tous  les  compo- 
sants  essayes  (Vs,  VH,  14,  22,  20)  sont  en  fonction- 
nement. 

5.  Systeme  suivant  la  revendication  1,  2,  3  ou  4, 
dans  lequel  ledispositif  decommande  central  (14, 
16)  comprend  un  tableau  de  commande  et  de 
visualisation  (16),  et  les  indicateurs  annonciateurs 
susdits  comprennent  des  voyants  annonciateurs 
(LOC1  . . . .   LOC4)  sur  ce  tableau  de  commande  et 
de  visualisation  (16). 

6.  Systeme  suivant  I'une  quelconque  des  reven- 
dications  1  a  5,  dans  lequel  les  moyens  de 
diagnostic  susdits  comprennent  un  commutateur 
de  test  de  diagnostic  (100)  prevu  sur  le  tableau  de 
commande  et  de  visualisation  (16)  pour  actionner 
la  verification  du  systeme. 

7.  Systeme  suivant  I'une  quelconque  des  reven- 
dications  1  a  6,  caracteris6  en  ce  qu'il  comprend: 

(a)  un  logement  (40)  pour  chaque  element 
detecteur  de  vapeur  combustible  (12-1  . . . .   12-N), 
ce  logement  presentant  une  ouverture  d'entree 
pour  ceiui-ci; 

(b)  un  premier  treillis  fin  (34)  prevu  sur  Sette 
ouverture  d'entree;  et 

(c)  un  second  treillis  fin  (50)  e'space  du  premier 
treillis  fin  (34)  et  s'etendant  egalement  par-dessus 
I'ouverture  d'entree  susdite,  pour  assurer  virtuel- 
lement  des  fonctions  effectives  de  suppression 
d'explosion  et  d'arret  des  flammes. 

8.  Systeme  suivant  la  revendication  7,  caracte- 
rise  en  ce  que  le  detecteur  de  vapeur  combustible 
susdit  (12-1  . . . .   12-N)  comprend  un  element 
detecteur  de  gaz  a  semiconducteur  (22)  dont  la 
resistance  diminue  lors  d'une  adsorption  de 
vapeurs  combustibles  a  sa  surface,  et  un  element 
chauffant  (20)  pour  activer  thermiquement  des 
reactions  superficielles  d'activation  thermique  sur 
I'el6ment  detecteur  de  gaz  a  semiconducteur  (22), 
de  sorte  que  le  premier  et  le  second  treillis  fins 
(34,  50),  qui  sont  espaces  isolent  I'element  chauf- 
fant  (20)  pour  assurer  des  fonctions  effectives  de 
suppression  d'explosion  et  d'arret  des  flammes. 

9.  Systeme  suivant  la  revendication  8,  caracte- 
rise  en  ce  que  le  premier  et  le  second  treillis  fins 
(34,  50)  forment  respectivement  des  surface 
convexes  plus  petite  et  plus  grande,  qui  sont 
disposees  a  I'ecart  I'une  de  I'autre  par-dessus 
I'ouverture  d'entree  susdite  et  I'element  detecteur 
precite  (22). 

10.  Systeme  suivant  la  revendication  8  ou  9, 
caracterise  en  ce  qu'il  comprend  en  outre: 

(a)  une  console  de  montage  (60)  pour  I'element 
detecteur  susdit  (22);  et 

(b)  une  serie  d'attenuateurs  elastiques  (66)  des 
vibrations,  disposes  entre  la  console  (60)  et  les 

(f)  on  prevoit  une  serie  d'indicateurs  annoncia- 
teurs  (LOC1  LOC4),  un  indicateur  pour  cha- 
que  detecteur  de  vapeur  combustible  (12-1  . . . .  
12N),  pour  signaler  separemment  I'apparition  de 
chacun  des  signaux  d'avertissement  a  un  opera-  5 
teur,  ce  dispositif  de  commande  central  (14,  16) 
comprenant  une  plaquette  a  circuit  particuliere 
distincte  (14)  pour  chaque  detecteur  de  vapeur 
(12-1  . . . .   12-N),  le  canal  electrique  susdit  (46) 
comportant  une  alimentation  de  puissance  dis-  jo 
tincte  (Vs,  VH)  entre  chaque  detecteur  de  vapeur 
(12-1  12-N)  et  sa  plaquette  a  circuit  (14), 
chaque  plaquette  a  circuit  (14)  comprenant  au 
moins  un  voyant  annonciateur  (78,  80,  92,  108, 
1  14)  destine  a  indiquer  un  fonctionnement  conve-  is 
nable  des  composants  du  canal  electrique  separe 
(46)  susdit,  et 

(g)  les  moyens  de  detection  de  defaillance 
susdits  sont  des  moyens  de  diagnostic  (Figure  5, 
Figure  6)  permettant  a  I'operateur  de  tester  indivi-  20 
duellement,  a  tout  moment,  le  fonctionnement  du 
systeme  de  detection  de  vapeurs  combustibles, 
ces  moyens  indiquant  (en  78,  80,  92,  108,  114)  a 
I'operateur,  un  mauvais  fonctionnement  de  ce 
systeme.  25 

2.  Systeme  suivant  la  revendication  1,  caracte- 
rise  en  ce  que  chaque  plaquette  a  circuit  com- 
prend  au  moins  une  diode  electroluminescente 
d'avertissement  (78,  80)  destinee  a  indiquer  un 
fonctionnement  approprie  de  ses  alimentations  30 
de  puissance  (Vs,  VH),  et  au  moins  une  diode 
electroluminescente  (92,  108,  114)  destinee  a 
indiquer  un  fonctionnement  approprie  de  son 
detecteur  de  vapeur  (12-1  12-N). 

3.  Systeme  suivant  la  revendication  1  ou  2,  35 
caracterise  en  outre  en  ce  que: 

(a)  chaque  detecteur  de  vapeur  (12-1  . . . .   12-N) 
comprend  un  element  detecteur  de  gaz  a  semi- 
conducteur  (22)  dont  la  resistance  diminue  lors  de 
I'adsorption  de  types  choisis  de  vapeurs  a  sa  40 
surface,  et  un  element  chauffant  (20)  pour  activer 
thermiquement  des  reactions  superficielles  d'acti- 
vation  thermique  sur  I'element  detecteur  a  semi- 
conducteur  (22), 

(b)  chaque  detecteur  de  vapeur  (12-1  ... .   12-N)  45 
comporte  un  circuit  de  compensation  de  tempera- 
ture  (26)  comprenant  un  thermistor  (26)  pour 
assurer  un  fonctionnement  thermiquement  stable 
du  detecteur  de  vapeur  (12-1  . . . .   12-N),  et 

(c)  chaque  plaquette  a  circuit  (14,  16)  comprend  so 
une  premiere  et  une  seconde  alimentation  de 
puissance  (Vs,  VH),  la  premiere  alimentation  de 
puissance  (Vs)  etant  prevue  pour  Tenement  detec- 
teur  de  vapeur  (22),  tandis  que  la  seconde  alimen- 
tation  de  puissance  (VH)  est  prevue  pour  I'elSment  55 
chauffant  (20),  ainsi  que  cinq  diodes  electrolumi- 
nescentes  d'avertissement  (78,  80,  92,  108,  114), 
la  premiere  et  la  seconde  diode  (78,  80)  etant 
destinees  a  donner  une  indication  du  fonctionne- 
ment  de  la  premiere  et  de  la  seconde  alimentation  60 
de  puissance  (Vs,  VH),  la  troisieme  diode  (92)  etant 
prevue  pour  donner  une  indication  du  fonctionne- 
ment  de  I'element  detecteur  de  vapeur  a  semicon- 
ducteur  (22),  la  quatrieme  diode  (108)  etant  desti- 
nee  a  indiquer  le  fonctionnement  du  circuit  de  65 
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detecteurs  de  vapeur  (12-1  . . . .   12-N)  pour  isoler 
et  attenuer  les  vibrations  et  les  chocs  pour  le 
detecteur  de  vapeur  (12-1  . . . .   12-N). 

11.  Systeme  suivant  la  revendication  10, 
caracterise  en  ce  que  le  detecteur  de  vapeur  (12-1 

12-N)  est  fixe  a  la  console  de  montage  (60) 
par  une  serie  de  vis  (62),  et  la  serie  des  attenua- 
teurs  (66)  sont  montes  sur  les  tiges  de  vis  (62), 
entre  la  console  de  montage  (60)  et  les  detecteurs 
de  vapeur  (12-1  ... .   12-N),  ces  vis  (62)  pouvant 

etre  serrees  de  fagon  selective  pour  regler  I'atte- 
nuation  des  vibrations  par  ces  attenuateurs  elasti- 
ques  (66),  en  vue  de  reduire  au  minimum  la 
transmission  au  detecteur  de  vapeur  (12-1  . . . .  
12-N)  de  frequences  de  vibrations  qui  sont  parti- 
culierement  prejudiciables  a  son  fonctionnement. 

12.  Systeme  suivant  la  revendication  11, 
caracterise  en  ce  que  chaque  attenuateur  elasti- 
que  de  vibrations  (66)  consiste  en  une  rondelle  en 
caoutchouc. 10 
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