
J E u r o p a i s c h e s   

Patentamt 

European  Patent  Office  ®  Publication  number:  0   1  4 7   9 4 1  

Office  europeen  des  brevets  B 1  

jD  EUROPEAN  PATENT  SPECIFICATION 

D  Dateof  publication  of  patent  specification:  13.09.89  Qj)  Int.  CI.  :  b O & B   Z J / U ^  

B)  Application  number:  84307962.5 

§)  Date  of  filing:  16.11.84 

54)  Apparatus  for  auto-calibration  of  signal  conditioning  electronics. 

D  Priority-  16.11.83  US  552232  ®  Proprietor:  WESTINGHOUSE  ELECTRIC 
30.12.83  US  567456  CORPORATION 

Westinghouse  Building  Gateway  Center 
Pittsburgh  Pennsylvania  15235  (US) 

§)  Date  of  publication  of  application: 
10.07.85  Bulletin  85/28  ^   „..  J (72)  Inventor:  Smith,  John  Richard 

229  Spartan  Drive 
§)  Publication  of  the  grant  of  the  patent:  Monroeville  Pennsylvania  (US) 

13.09.89  Bulletin  89/37  Inventor:  Kenny,  Thomas  Joseph 
3721  Haven  Street 
Pittsburgh  Pennsylvania  (US) 

g)  Designated  Contracting  States:  Inventor:  Graham,  Kingsley  F. 
BEDEFRGBSE  4209  Colonial  Drive 

Murrysville  Pennsylvania  (US) 
Inventor:  Neuner,  James  Albert 

S)  References  cited:  3914  Hardt  Drive 
US-A-4  1  55  1  1  6  Gibsonia  Pennsylvania  (US) 
US-A-4200933  Inventor:  Bauman,  Douglas  Arthur 
US-A-4  31  0  893  344  Monroeville  Blvd 
US-A-4  403  297  Monroeville  Pennsylvania  (US) 

Inventor:  Thompson,  Timothy  Frederic 
1400  Smokey  Wook  Drive  Apt  812 
Pittsburgh  Pennsylvania  (US) 
Inventor:  Wassel,  William  Walter 
103  Old  Gate  Road 
Trafford  Pennsylvania  (US) 

Note:  Within  nine  months  from  the  publication  of  the  mention  ortne  gram  ortne  European  paiem,  any  pcou.....ay 
give  notice  to  the  European  Patent  Office  of  opposition  to  the  European  patent  granted.  Notice  of  opposition  shall 
be  filed  in  a  written  reasoned  statement.  It  shall  not  be  deemed  to  have  been  filed  until  the  opposition  fee  has  been 
paid.  (Art.  99(1  )  European  patent  convention). 

Courier  Press,  Leamington  &pa,  tngiana. 



iP  0 1 4 7   941  H i  

Inventor:  Rao,  Dhulipala  Madhu 
219  Harrow  Drive 
Pittsburgh  Pennsylvania  (US) 
Inventor:  Theriault,  David  Grandon 
241  Spartan  Drive 
Monroeville  Pennsylvania  (US) 

[4)  Representative:  van  Berlyn,  Konaia  laiiDen 
23,  Centre  Heights 
London,  NWS  6JG  (GB) 



P  U  14 /   B l  

escription 

This  invention  relates  to  electrical  data  acquisi- 
Dn  and  control  systems  and  more  particularly 
aparatus  for  remotely  monitoring  and  calibrat- 
ig  signal  conditioning  circuits  for  such  systems. 
Modern  process  plants  and  other  complex 

jtomated  systems  require  the  gathering  of  data 
om  a  large  number  of  sources  throughout  the 
istallation.  The  data  gathered  typically  includes 
arious  analog  signals  such  as  temperatures, 
ressures,  flows,  fluid  levels  et  cetera,  and  digital 
ignals  which  indicate  a  condition  or  status  such 
s  whether  a  pump  is  off  or  on,  or  whether  a  valve 
:  opened  or  closed  et  cetera.  The  signals  are 
enerated  by  sensors  located  throughout  the 
lant  and  transmitted  by  field  wiring  to  central 
)cations  where  the  signals  are  used  in  control 
ystems,  monitoring  systems  and/or  protective 
ystems.  Typically,  the  raw  signals  on  the  field 
/iring  are  applied  to  conditioning  circuits  which 
rovide  protection  against  surges  and  filtering  to 
smove  electromagnetic  interference.  Also,  the 
onditioning  circuits  often  provide  electrical  isola- 
ion  between  the  field  wiring  and  the  processing 
ir  control  equipment  that  utilize  the  conditioned 
ilectrical  signals.  Conditioning  also  can  include 
ranslating  low  level  signals,  such  as  those 
lenerated  by  thermocouples,  to  the  high  level 
ignals  required  by  the  downstream  equipment, 
"he  conditioning  circuits  are  usually  mounted  on 
irinted  circuit  boards  with  several  circuits, 
lepending  upon  their  complexity,  to  a  board. 
Dften  the  boards  will  carry  potentiometers  which 
ire  used  to  manually  calibrate  and  adjust  the 
;pan  of  the  individual  signals.  The  filters  used  in 
he  various  conditioning  circuits  have  time  con- 
stants  which  require  a  settling  interval  when 
naking  adjustments  in  the  circuits.  The  time 
:onstants  for  the  different  circuits  can  vary 
widely.  While  one  could  simply  use  the  longest 
:ime  constant  to  establish  a  settling  time  which 
would  be  suitable  for  all  the  circuits,  this  practice 
:an  greatly  extend  the  time  required  for  cali- 
Dration  in  a  large  system  having  200  to  300 
circuits.  It  is  preferable,  therefore,  to  establish  a 
minimum  reasonable  settling  time  for  each  cir- 
:uit.  A  minimum  settling  time  cannot  just  be  set 
and  forgotton,  however,  because  the  time  con- 
stant  can  change  with  changes  in  temperature 
and  over  a  period  of  time.  In  addition,  excessive 
noise  on  a  particular  circuit  may  require  an 
increase  in  the  time  constant  in  a  filter  circuit.  In 
either  case,  it  has  heretofore  been  necessary  for  a 
technician  to  make  a  physical  change  in  the 
circuit. 

US  Patent  4200933  discloses  a  method  of  auto- 
matically  calibrating  a  digital  type  multimeter 
which  is  microprocessor  controlled.  Essentially, 
the  US  Patent  4200933  teaches  the  use  of  a  zener 
diode  and  a  resistive  divider  in  the  calibrating 
function  which  is  done  regardless  of  demands 
imposed  by  time  lapses  or  temperature  changes. 
Also,  no  clear  provision  is  made  in  the  prior  art 
US  Patent  4200933  for  compensation  for  time- 

constanis  invoivea  in  ine  uauuicuiMy/uunuiuuimiy 
circuits. 

It  is  the  principal  object  to  provide  improved 
performance  over  the  prior  art.  The  invention 
consists  in  apparatus  including  a  conditioning 
circuit  and  a  calibrating  means  therefor,  said 
apparatus  being  for  use  in  a  data  acquisition 
system,  said  apparatus  comprising  a  printed  cir- 
cuit  board  having  an  input  terminal  for  a  raw 

i  electrical  signal,  a  conditioning  circuit  connected 
to  the  input  terminal  for  conditioning  the  raw 
electrical  signal  to  generate  a  conditioned  electri- 
cal  signal,  said  printed  circuit  board  having  an 
output  terminal;  test  select  circuitry  for  selectively 

;  disconnecting  the  conditioning  circuit  from  the 
input  terminal  and  for  connecting  test  signals  of 
known  magnitude  to  the  conditioning  circuit; 
characterized  by  processing  circuitry  for  calibrat- 
ing  the  conditioning  circuit,  the  processing  circuit 

j  being  connected  to  said  output  terminal  and 
having  means  for  generating  an  enable  signal  to 
control  said  test  select  circuitry  to  connect  said 
test  signals  to  said  conditioning  circuit  and  for 
generating  a  calibration  factor  as  a  function  of 

5  said  test  signals  and  conditioned  test  signals 
appearing  at  the  output  of  the  conditioning  cir- 
cuit,  said  test  select  circuitry  having  means  to 
reconnect  said  raw  electrical  signal  to  said  condi- 
tioning  circuit  for  generating  said  conditioned 

o  electrical  signal  again  at  said  output  terminal  and 
said  processing  circuitry  applying  said  calibration 
factor  to  said  conditioned  electrical  signal  to 
generate  a  calibrated  conditioned  electrical 
signal. 

5  As  described  herein,  signal  conditioning  cir- 
cuits  on  printed  circuit  boards,  such  as  would  be 
used  in  a  data  acquisition  or  control  system,  are 
calibrated  automatically  at  preselected  intervals 
of  time  and/or  when  the  temperature  of  the. 

to  circuits  varies  a  preselected  amount,  such  as 
about  10°F  (5.56°C).  The  circuits  are  calibrated 
sequentially  under  the  direction  of  a  processing 
unit  by  applying  test  signals  to  their  inputs  in 
place  of  the  field  generated  signals  and  calculat- 

es  ing  a  gain  and  offset  as  a  function  of  the  relation- 
ship  between  the  test  signals  and  the  outputs 
generated  thereby.  The  processing  unit  sends 
coded  signals  to  each  of  the  printed  circuit  boards 
indicating  the  conditioning  circuit  or  channel  on 

50  the  board  which  is  to  be  calibrated,  whether  an 
external  or  on-board  test  signal  is  to  be  used,  and, 
in  the  case  of  the  on-board  test  signal,  whether  a 
high  or  low  signal  is  to  be  applied.  The  individual 
conditioning  circuits  or  channels  on  each  board 

55  are  calibrated  sequentially  but  one  channel  on 
each  of  several,  or  all,  of  the  boards  can  be 
calibrated  simultaneously  which  greatly  reduces 
processing  time  in  a  system  having  several 
hundred  channels. 

60  Since  the  conditioning  circuits  contain  reactive 
elements,  the  processing  unit  waits  after  a  trans- 
fer  between  the  field  generated  and  test  signals  is 
made  to  allow  the  output  of  the  conditioning 
circuit  to  settle.  In  order  to  assure  that  sufficient 

65  time  has  been  allowed  for  each  output  to  settle, 

o 
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but  without  wasting  a  great  deal  of  time  as  would 
Dccur  if  a  single  waiting  period  long  enough  to 
cover  all  the  channels  were  used,  a  separate, 
adaptive  settling  period  is  generated  for  each 
channel.  The  waiting  period  is  determined  by 
calculating  the  time  constant  from  the  response 
of  the  individual  conditioning  circuit  to  a  transfer 
between  test  signals,  or  by  direct  measurement 
taking  successive  samples  until  the  change  is 
sufficiently  settled  and  noting  the  time  required. 
The  waiting  or  settling  period  is  set  long  enough 
to  provide  the  desired  accuracy.  For  instance,  the 
output  signal  of  a  conditioning  circuit  containing 
a  single  pole  filter  will  be  at  least  99%  settled  at 
the  end  of  the  period  of  about  5  times  the  time 
constant.  For  99.99%  accuracy,  the  waiting  period 
should  be  made  equal  to  about  9  time  constants. 
If  two  or  three  pole  filters  are  used  in  the  condi- 
tioning  circuits,  the  waiting  period  could  be  short- 
ened  since  these  filters  settle  more  rapidly. 

The  present  invention  makes  possible  the  auto- 
matic  calibration  of  the  numerous  channels  in  a 
large  data  acquisition  or  control  system.  It  is 
capable  of  calibrating  the  printed  circuit  boards 
serially  or  in  parallel  although  only  one  channel  at 
a  time  on  each  board  is  switched  into  test  mode 
so  that  cross-talk  or  short  circuits  between 
channels  can  be  detected.  It  can  provide  an 
adaptive  settling  period  for  each  conditioning 
circuit  which  is  automatically  updated  when 
required  so  that  the  time  required  for  acquiring 
valid  calibration  data  is  minimized.  In  addition, 
the  invention  permits  the  elimination  of 
potentiometers  on  the  printed  circuit  boards  and 
further  permits  recalibration  when  time  and 
temperature  warrant  it.  At  the  same  time,  it  does 
not  require  switching  at  the  output  terminals  of 
the  conditioning  circuits  so  that  isolation  is  main- 
tained. 

Figure  1  is  a  schematic  diagram  in  block  dia- 
gram  form  of  a  portion  of  a  plant  monitoring 
system  incorporating  the  present  invention; 

Figure  2  is  a  schematic  diagram  of  a  remote 
processing  unit  in  accordance  with  the  teachings 
of  the  invention  which  forms  a  part  of  the  plant 
monitoring  system  illustrated  in  Figure  1; 

Figure  3  is  a  schematic  diagram  illustrating 
some  of  the  details  of  a  printed  circuit  board 
which  forms  part  of  the  remote  processing  unit  of 
Figure  2; 

Figure  4  is  a  schematic  diagram  in  block  dia- 
gram  form  of  the  details  of  another  type  of  printed 
circuit  board  which  forms  a  portion  of  the  remote 
processing  unit  of  Figure  2; 

Figure  5  is  a  flow  chart  illustrating  the  manner 
in  which  the  remote  processing  unit  of  Figure  2 
operates  in  accordance  with  the  teachings  of  the 
invention; 

Figure  6  is  a  plot  showing  the  scheme  used  by 
the  flow  chart  of  Figure  5  to  calibrate  conditioning 
circuits  which  form  a  part  of  the  remote  pro- 
cessing  unit  of  Figure  2;  and 

Figure  7  is  a  plot  illustrating  the  response  of 
conditioning  circuits  in  the  remote  processing 
unit  in  Figure  2  to  a  step  change  input  which  is 

used  to  demonstrate  the  manner  in  which  adap- 
tive  time  constant  calculations  are  carried  out  in 
accordance  with  the  teachings  of  the  invention. 

The  invention  will  be  described  as  applied  to  a 
5  plant  safety  monitoring  system  for  a  nuclear 

power  plant,  however,  it  is  to  be  appreciated  that 
it  was  designed  as  a  robust,  general  purpose  data 
acquisition  and/or  control  system  suitable  for 
many  other  applications.  The  nuclear  power 

m  plant,  which  is  represented  by  the  block  1  in 
Figure  1,  utilizes  thermal  energy  generated  by 
fission  reactions  in  a  nuclear  reactor  to  drive  a 
turbine-generator  combination  which  in  turn  pro- 
duces  electric  power.  The  operation  of  the  plant  is 

15  closely  controlled  within  specified  operating 
limits  by  a  control  system  (not  shown  separately). 
The  plant  safety  monitoring  system  shown  in 
Figure  1,  monitors  the  operation  of  the  plant  and 
presents  an  on-line  representation  of  the  plant 

20  safety  status  to  the  operator  and  others.  The 
system  includes  many  transducers,  meters, 
switches,  et  cetera,  which  monitor  selected  para- 
meters  throughout  the  plant  such  as  pressures, 
temperatures,  flows,  the  status  of  valves  (open  or 

25  closed)  and  pumps  (off  or  on),  and  transmits 
signals  representative  of  the  current  state  of  these 
parameters  over  field  wiring  3  to  a  remote  pro- 
cessing  unit  5  which  includes  input/output  cir- 
cuitry  7  and  a  central  processor  unit  (CPU)  9.  As 

30  will  be  more  fully  explained  below,  the  remote 
processing  unit  conditions  and  processes  the  raw 
electrical  signals  from  the  various  sensors  and 
transmits  the  conditioned  and  processed  signals 
over  a  data  link  1  1  to  another  multi-channel  CPU 

35  13.  The  CPU  13  generates  information  repre- 
sentative  of  the  safety  status  of  the  plant  1  and 
presents  it  on  display  unit  15.  In  a  complete 
system,  there  are  several,  for  example  four, 
remote  processing  units  5,  which  provide  con- 

40  ditioned  and  processed  sensor  signals  to  two 
CPU's  13  which  exchange  information  and  pro- 
vide  data  for  a  pair  of  display  units  15.  However, 
for  the  purpose  of  understanding  this  invention, 
which  resides  in  the  remote  processing  units  5, 

45  the  system  of  Figure  1  has  been  simplified. 
The  remote  processing  unit  5  is  shown  in  more 

detail  in  Figure  2.  The  CPU  9  includes  a  microcom- 
puter  17  with  programmable  read  only  memory 
(PROM)  and  random  access  memory  (RAM)  19, 

so  an  analog  to  digital  (A/D)  converter  21  and  a 
programmable  output  device  23  all  of  which  are 
mounted  in  a  microcomputer  chassis  housed  in 
an  instrument  cabinet  (not  shown).  The  cabinet 
also  houses  a  large  number  of  printed  circuit 

55  input/output  (I/O)  boards  such  as  7a,  b  and  c.  On 
these  boards  are  the  circuits  which  condition  the 
raw  electrical  signals  transmitted  over  the  field 
wiring  3.  Each  printed  circuit  board  includes 
separate  circuits  or  channels  for  a  number  of  raw 

60  electrical  signals;  the  number  depending  upon 
the  type  of  sensor  generating  the  signal. 
Typically,  each  board  has  8  channels  although 
some  have  only  four.  The  conditioned  signals  are 
transmitted  from  the  printed  circuit  boards  7  over 

65  cabling  25  to  the  A/D  converter  21  for  entry  into 

4 
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e  microcomputer  17.  As  can  oe  seen  Trom 
gure  2,  one  of  the  raw  signals  supplied  to  the  I/O 
aard  7a  is  generated  by  a  temperature  sensor  27 
hich  monitors  the  ambient  temperature  of  the 
Dards  7.  This  signal  is  conditioned  in  the  same 
lanner  as  corresponding  signals  from  the  plant 
id  is  transmitted  to  the  microcomputer  17  over 
le  cabling  25  where  it  is  processed  like  the  other 
gnals.  As  will  be  seen,  this  temperature  reading 
utilized  to  initiate  calibration  of  the  conditioning 
rcuits. 
The  microcomputer  17  performs  several  func- 

ons  including  limit  checking  on  the  inputs,  con- 
ersion  of  all  inputs  to  their  respective  engin- 
ering  unit  values,  diagnostic  testing  of  the  CPU 
omponents,  and  communication  with  the  CPU 
3  associated  with  the  display  unit  15.  It  also 
irects  the  testing  of  the  conditioning  circuits  on 
le  printed  circuit  I/O  boards  7  and  applies  com- 
ensation  to  the  conditioned  signals.  All  of  this  is 
ccomplished  for  a  typical  system  having  150 
nalog  and  100  digital  inputs  in  a  nominal  one 
econd  cycle  time. 

In  the  usual  connection  for  testing  and  cali- 
iration  of  the  conditioning  circuits,  the 
nicrocomputer  17  generates  commands  which 
ire  transmitted  to  the  programmable  I/O  device 
:3  as  eight  bit  words.  The  device  23  contains  a 
lumber  of  eight  bit  storage  registers  with  each  bit 
if  each  register  connected  to  an  output  port.  Each 
light  bit  register  controls  three  of  the  eight 
ihannel  I/O  boards  7  with  five  'of  the  eight  bits 
;onnected  in  parallel  to  each  of  the  boards  7a,  b 
ind  c  through  cabling  29  and  each  of  the  remain- 
ng  bits  connected  exclusively  to  only  one  of  the  I/ 
D  boards  7  through  a  cable  31a,  b  or  c. 

Figure  3  illustrates  schematically  a  typical 
:hannel  on  an  I/O  board  7  together  with  the 
:ontrol  circuitry  for  that  board.  The  channel 
ncludes  input  terminations  33  to  which  the  raw 
signal  carried  by  the  field  wiring  3  is  applied.  The 
aw  signal  passes  through  circuitry  35  which 
jrovides  surge  and  overvoltage  protection  for  the 
:hannel.  With  the  double  pole,  double  throw  test 
njection  relay  37  deenergized  as  shown  in  Figure 
3,  the  two  wire  signal  is  applied  to  the  signal 
conditioning  circuits  39.  These  conditioning  cir- 
cuits  typically  include  filtering,  amplification  if 
required,  and  common  mode  isolation.  The  con- 
ditioned  signal  is  then  transmitted  to  the  CPU  9 
over  cabling  25. 

When  the  microcomputer  determines  that  the 
illustrated  channel  is  to  be  tested,  it  inserts  the 
appropriate  eight  bit  word  into  the  register  of  the 
programmable  I/O  device  23  associated  with  that 
printed  circuit  board  7.  Three  of  the  bits  of  that 
word,  which  are  transmitted  over  the  cable  29 
common  to  three  of  the  printed  circuit  boards, 
determine  the  address  of  the  channel  to  be  tested 
and  are  applied  to  a  decoder  41.  The  decoder  has 
eight  output  leads  43  each  connected  to  the  coil  of 
the  test  injection  relay  37  in  one  of  the  channels. 
Another  of  the  bits  of  the  eight  bit  register  of  the 
programmable  output  device  23  provides  a 
"board  enable  signal"  to  the  decode  41  over  the 

Ucuiudicu  î auiu  «j  i  .  mc  uw*wmw  m̂iww  ......  — 
enable  signal  to  the  coil  of  the  test  injection  relay 
of  the  selected  channel.  With  the  relay  37  ener- 
gized,  the  raw  signal  applied  to  the  input  ter- 
minals  33  of  the  selected  channel  is  removed  and 
the  test  bus  45  is  connected  to  the  signal  condi- 
tioning  electronics  39.  Another  bit  of  the  output 
register  of  device  23  is  applied  through  the 
common  cable  29  to  an  "internal/external  select" 

i  lead  47  which  is  connected  to  the  coil  of  an 
internal/external  select  relay  49  on  the  board.  If 
this  signal  is  active,  the  relay  49  is  energized  to 
connect  an  external  source  to  the  test  bus  45 
through  a  voltage  divider  46.  This  permits  a 

>  technician  to  inject  a  test  signal  of  any  desired 
magnitude,  such  as  a  National  Bureau  of  Stan- 
dards  traceable  calibration  signal,  into  the 
selected  channel  and  could  also  be  used  to  inject 
a  test  signal  of  variable  magnitude  as  determined 

j  by  the  microcomputer.  When  the  "Internal/Exter- 
nal  select"  signal  is  inactive,  the  relay  49  is 
deenergized  to  connect  an  on-board  generated 
test  signal  to  the  test  bus  45.  A  "high/low  select" 
test  signal  which  is  also  generated  by  the  eight  bit 

5  word  in  the  programmable  output  device  23  and 
transmitted  over  the  common  cabling  29  is 
applied  to  a  "Hi/Lo  select"  lead  51  which  is 
connected  to  the  coil  of  an  on-board  "Hi/Lo 
select"  relay  53.  When  the  "Hi/Lo  select"  signal  is 

o  active,  the  relay  53  is  energized  to  ground  both 
leads  of  the  test  bus  45  so  that  a  test  signal  with  a 
value  of  zero  is  injected  into  the  signal  condition- 
ing  electronics  39,  except  in  the  case  of  a  bipolar 
input  scale,  for  which  a  jumper  connection  causes 

s  the  low  setting  to  be  negative  full  scale  instead  of 
zero.  When  the  "Hi/Low  select"  signal  is  inactive, 
relay  53  is  deenergized  as  shown  in  Figure  3,  and 
an  on-board  voltage  source  55  is  applied  to  the 
signal  conditioning  electronics.  Resistors  57  in  the 

io  test  bus  45  match  the  impedance  seen  by  the 
signal  conditioning  39  in  the  test  mode  to  that 
presented  by  the  surge  and  overvoltage  protec- 
tion  circuit  35  in  the  normal  mode.  The  test  bus  45 
is  connected  to  the  test  injection  relays  37  of  all 

w  the  other  channels  on  the  same  board;  however, 
the  selected  test  signal  is  only  applied  to  the 
channel  which  has  been  selected  by  the  decoder 
41  to  have  its  relay  37  energized  by  the  enable 
signal  from  lead  31. 

50  The  resistance  temperature  detector  (RTD) 
channels  are  somewhat  different  due  to  the  need 
to  provide  a  current  source  for  the  sensor.  As 
shown  in  block  diagram  form  in  Figure  4,  these 
channels  which  have  surge  suppression  and  over- 

55  voltage  protection  circuits  57,  a  test  injection  relay 
59,  and  signal  conditioning  electronics  61  for  the 
output  signal  of  the  RTD,  also  have  an  isolated 
current  source  63,  a  second  test  injection  relay  65 
and  surge  suppression  and  overvoltage  protec- 

60  tion  circuits  67  for  energizing  the  RTD.  When  the 
channel  enable  signal  goes  active,  both  test  injec- 
tion  relays  59  and  65  are  energized  to  respec- 
tively,  connect  the  test  bus  69  to  the  signal 
conditioning  electronics  61  in  place  of  the  RTD 

65  voltage  signal  and  connect  the  current  source  63 
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to  one  of  two  precision  resistors  in  block  71  in 
place  of  the  RTD.  The  selection  of  the  appropriate 
precision  resistor  is  determined  by  the  "Hi/Lo 
select"  signal.  The  resistance  values  are  selected 
so  as  to  generate  signals  which  represent  the  full 
scale  high  and  low  readings  expected  from  the 
RTD.  This  is  a  four  wire  measurement  circuit  with 
separate  contacts  of  the  relays  switching  each 
lead  to  thereby  maintain  calibration  accuracy 
despite  variations  in  contact  resistance.  If  desired, 
the  test  signal  generated  by  the  on-board  current 
source  and  precision  resistors  can  be  replaced  by 
an  external  reference  signal,  if  the  "External/ 
Internal  reference  relay"  is  energized  by  a  signal 
on  the  "External/internal  select"  line.  Since  the 
RTD  channels  require  additional  circuitry,  only 
four  channels  are  provided  per  board  and  hence, 
only  a  two  digit  channel  address  signal  need  be 
applied  to  the  decoder  (not  shown)  for  these 
boards. 

It  should  be  evident  from  the  above,  that  only 
one  channel  at  a  time  can  be  put  into  test  mode 
on  any  one  board.  By  monitoring  the  remaining 
channels  in  addition  to  the  one  under  test,  any 
cross-talk  or  short  circuits  between  channels  can 
be  detected.  While  the  individual  channels  on  a 
board  must  be  tested  serially,  one  channel  on 
each  board  can  be  tested  simultaneously  with 
channels  on  other  boards.  Within  any  group  of 
three  printed  circuit  boards  though  in  the  one 
configuration  shown,  only  the  corresponding  cir- 
cuits  on  each  board  can  be  tested  simultaneously. 

Testing  and  calibration  of  the  numerous 
channels  is  carried  out  under  the  direction  of  the 
microcomputer  17.  A  flow  chart  illustrating  how 
this  is  accomplished  is  shown  in  Figure  5.  First  it 
should  be  explained  that  due  to  the  time  con- 
stants  of  some  of  the  components  of  the  condi- 
tioning  circuitry,  such  as  low  pass  filters,  a  set- 
tling  time  must  be  provided  following  the  switch- 
ing  between  the  field  generated  signals  and  the 
test  signals,  and  vice  versa,  to  allow  equilibrium 
to  be  established  before  any  meaningful  readings 
can  be  taken.  For  the  various  circuits,  these 
settling  times  may  vary  anywhere  from  about  3 
seconds  to  10  seconds.  Since  it  is  not  productive 
to  tie  up  the  microcomputer  waiting  for  these 
settling  times  to  expire,  for  self-test,  self-calibrate 
program  is  performed  in  a  manner  which  is 
transparent  to  the  remaining  software.  By  this  it  is 
meant  that  once  each  cycle,  i.e.  each  second,  the 
self-test,  self-calibrate  program  is  called  up.  When 
the  program  reaches  a  point  where  it  is  to  wait  for 
a  settling  time  which  has  not  yet  expired,  it  exits 
this  program  and  performs  its  other  tasks.  When 
it  returns  to  this  program  on  the  next  cycle,  it 
enters  at  the  point  it  left  and  rechecks  to  see  if  the 
settling  interval  has  expired.  If  not,  it  again  goes 
to  other  tasks  and  repeats  the  sequence  until  the 
settling  time  has  expired  and  it  can  advance  to  the 
next  step. 

Turning  to  Figure  5,  the  first  step  in  the  self-test, 
self-calibrate  program  is  to  check  the  time  and 
temperature  variations  since  the  last  calibration 
was  performed  as  indicated  by  block  75.  The 

temperature  which  is  monitored  is  the  ambient 
temperature  to  which  the  printed  circuit  I/O 
boards  7  carrying  the  conditioning  circuits  are 
exposed  as  measured  by  the  transducer  27  in 

5  Figure  2.  If  the  temperature  has  not  changed  by  a 
preselected  amount  since  the  last  calibration,  for 
instance  plus  or  minus  10°  Fahrenheit,  or  a  pre- 
determined  time  period  has  not  elapsed,  such  as 
8  or  24  hours,  all.  as  determined  in  block  76,  the 

w  counter  which  indicates  the  next  channel  to  be 
calibrated  is  incremented  in  block  77  and  the 
program  is  exited. 

If  the  time  or  temperature  variation  is  sufficient 
for  another  calibration,  the  low  reference  is 

15  switched  in  as  indicated  in  block  78  by  sending  to 
the  programmable  I/O  device  23  an  8  bit  word 
which  identifies  the  proper  channel  address,  sets 
the  signal  on  the  "high/low  select"  lead  51  to 
active  to  energize  the  "high/low  select"  relay  53 

20  and  sets  the  board  enable  signal  active  to  ener- 
gize  the  proper  test  inject  relay  37.  This  discon- 
nects  the  raw  electrical  signal  from  the  signal 
conditioning  electronics  39  and  in  its  stead 
applies  a  test  signal  of  zero  value.  The  program 

25  then  moves  to  block  79  where  it  is  determined 
that  the  appropriate  settling  time  has  not  yet 
expired  and  the  program  is  exited.  On  subsequent 
cycles,  the  program  is  reentered  at  block  79  and 
again  excited  until  the  settling  time  has  expired. 

30  When  this  occurs,  the  program  advances  to  block 
81  where  the  conditioned  test  signal  generated  by 
the  channel  in  response  to  the  low  reference 
signal  is  read  and  stored.  Next,  the  high  reference 
signal  is  switched  in  as  indicated  in  block  83  by 

35  generating  a  zero  in  the  appropriate  bit  of  the 
programmable  I/O  device  23  so  that  the  signal  on 
the  high/low  select  lead  51  (see  Figure  3)  goes 
inactive  to  deenergize  the  "high/low  select"  relay 
43  and  thereby  switch  the  high  reference  signal 

40  into  the  signal  conditioning  electronics.  The  pro- 
gram  then  cycles  in  and  out  at  block  85  waiting  for 
the  settling  time  to  expire.  When  the  signal 
conditioning  electronics  settle  down,  the  output 
generated  by  the  high  reference  signal  is  read  and 

45  stored  as  indicated  in  block  87  and  then  the 
channel  is  switched  back  to  on-line  status  in  block 
89  by  canceling  the  board  enable  signal  to 
deenergize  the  test  injection  relay  37. 

While  the  on-line  signal  is  settling,  a  check  is 
so  made  in  blocks  91  and  93  respectively  to  deter- 

mine  whether  the  output  signals  generated  by  the 
low  and  high  references  read  and  stored  in  blocks 
81  and  87  are  within  preselected  limits.  If  either  of 
them  is  not,  an  alarm  signal  is  sent  to  the 

55  operator's  status  panel  indicating  the  error.  How- 
ever,  if  both  signals  are  within  limits,  the  gain  and 
offset  errors  for  the  channel  being  tested  are 
calculated  in  block  97  in  a  manner  to  be  discussed 
below. 

60  Following  calculation  of  the  gain  and  offset  in 
block  97  or  the  setting  of  the  alarm  in  block  95,  the 
program  waits  at  block  99  for  the  settling  time  for 
the  raw  electrical  signal,  which  was  switched  back 
on-line  at  block  89,  to  settle  down.  When  this 

65  occurs,  the  program  prepares  for  calibrating  the 

6 
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ext  channel  in  block  101.  This  includes  sucn 
teps  as  releasing  the  output  from  the  channel 
jst  tested  for  output  to  the  CPU  13  and  display 
mit  15,  advancing  the  channel  counter  to  the  next 
hannel  to  be  calibrated  and  performing  a 
lumber  of  house  keeping  chores  such  as  setting  a 
lumber  of  flags  used  during  the  self-test,  self- 
alibration  program. 
The  gain  and  offset  calculated  by  the  self-test, 

ielf-calibration  program  are  applied  to  the  signal 
lenerated  by  the  associated  conditioning  channel 
o  generate  a  calibrated  signal  for  the  parameter 
>eing  monitored.  The  gain  and  offset  which  are 
ietermined  in  block  97  of  the  program  are  calcu- 
ated  as  follows.  It  is  assumed  that  the  signal 
jenerated  by  the  conditioning  circuit  is  linear 
jetween  the  low  and  high  limits.  The  relationship 
>etween  the  values  of  the  actual  outputs  genera- 
ed  by  low  and  high  reference  signals  injected 
nto  the  conditioning  circuit  and  the  expected 
nputs  are  shown  graphically  in  Figure  6.  The  line 
1  03  represents  the  transfer  function  for  any  value 
jf  the  input  signal.  The  equation  for  this  line  is  in 
:he  form: 

/=gx+c Equation  i) 

Substituting  the  variables  a  and  D,  tor  tne  low 
and  high  reference  signals  and  the  measured 
autput  full  scale  low  and  high  values,  lo  and  hi, 
the  following  equations  are  obtained: 

lo=g*a+c  (Equation  2) 

or 
hi=g*b+c  (Equation  o) 

c=lo-g*a  (Equation  4) 

c=hi-g*b  (Equation  5) 

Solving  equations  4  and  5  simultaneously  tor  g 
yields  the  gain,  g: 

g=(hi-lo)/(b-a)  (Equation  6) 

Substitution  of  this  value  into  either  of  the 
equations  4  or  5  will  provide  the  offset  value  c. 

Another  feature  of  the  present  invention  is  an 
adaptive  settling  time  calculation.  Since  the  set- 
tling  time  constants  can  vary  from  channel  to 
channel  and  since  it  may  be  necessary  to  change 
these  time  constants  in  the  field,  it  is  desirable  to 
be  able  to  accomplish  the  task  automatically  to 
avoid  the  high  cost  of  modifying  the  software. 
The  solution  is  to  measure  the  time  constants 
while  the  system  is  on-line  using  the  following 
method.  A  unit  step  change  input  to  a  single  pole 
low  pass  filter  such  as  those  used  in  the  condi- 
tioning  circuits  generates  a  response  having  the 
characteristics  illustrated  in  Figure  7.  The  voltage 
at  any  time  (t)  can  be  computed  using  the  well- 
known  equation: 

As  is  also  well-known,  the  voltage  at  the  time 
t=RC,  which  is  defined  as  the  time  constant,  is 

j  equal  to  63%  of  the  final  voltage  VT,  or  in  other 
words,  the  signal  is  63%  settled  after  one  time 
constant.  Using  this  to  calculate  the  time  con- 
stant,  the  low  reference  for  the  channel  is 
switched  in  and  permitted  to  settle;  preferably, 

o  for  a  period  of  about  nine  time  constants,  after 
which  the  signal  is  99.99%  settled.  If  lower 
accuracy  is  acceptable,  99%  settling  is  achieved 
after  a  waiting  period  of  about  five  time  con- 
stants.  The  previously  calculated  time  constant 

'5  (or  the  theoretical  value  for  initial  start-up)  is  used 
for  this  purpose.  After  the  channel  has  settled,  at 
time,  t1f  the  output,  V1(  is  read  and  saved.  At  that 
time,  the  high  reference  is  switched  in.  At  some 
arbitrary  time,  t2,  later  (preferably  somewhere 

;o  near  the  previously  calculated  value  for  the  time 
constant)  the  output,  V2,  is  read  and  saved.  By 
substituting  these  variables  into  equation  7  and 
solving  them  simultaneously  for  the  time  con- 
stant,  RC,  the  following  formula  is  derived: 

25 
talnVb-t^nVa 

RC=  (Equation  8) 
ln(Vb-Va) 

30  Thus,  by  plugging  the  recorded  values  into 
equation  8,  the  current  time  constant  for  the 
channel  can  be  calculated.  Certainly,  the  time 
constant  should  be  calculated  each  time  the 
system  is  started  up  since  a  circuit  might  have 

35  been  modified  while  shutdown.  It  can  be  recalcu- 
lated  when  the  temperature  varies  by  a  preset 
amount,  and/or  periodically.  The  calculated  time 
constants  for  each  channel,  multiplied  by  9  to 
achieve  99.99%  settling,  may  be  stored  in  a  table 

40  for  use  by  the  self-test,  self-calibration  program 
whenever  it  calls  for  waiting  the  appropriate 
settling  time.  In  the  preferred  embodiment  of  the 
invention,  a  three  pole  filter  with  a  Butterworth 
characteristic  is  used  in  the  signal  conditioning 

45  electronics.  With  this  filter,  99.99%  settling  is 
achieved  with  less  settling  time  than  with  a  single 
pole  filter.  The  specific  waiting  period  for  each 
channel  is  selected  on  the  basis  of  the  calculated 
time  constant  and  the  desired  accuracy  for  that 

so  signal. 
While  specific  embodiments  of  the  present 

invention  have  been  described  in  detail,  it  will  be 
appreciated  by  those  skilled  in  the  art  that  various 
modifications  and  alternatives  to  those  details 

55  could  be  developed  in  light  of  the  overall  teach- 
ings  of  the  disclosure.  Accordingly,  the  particular 
arrangements  disclosed  are  meant  to  be  illustra- 
tive  only  and  not  limiting  as  to  the  scope  of  the 
invention  which  is  to  be  given  the  full  breadth  of 

60  the  appended  claims  and  any  and  all  equivalents 
thereof. 

Claims 
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and  a  calibration  means  therefor,  said  apparatus 
being  for  use  in  a  data  acquisition  system,  said 
apparatus  comprising: 

a  printed  circuit  board  (7)  having  an  input 
terminal  for  a  raw  electrical  signal,  a  conditioning 
circuit  connected  to  the  input  terminal  for  condi- 
tioning  the  raw  electrical  signal  to  generate  a 
conditioned  electrical  signal,  said  printed  circuit 
board  having  an  output  terminal  (25); 

test  select  circuitry  for  selectively  disconnecting 
the  conditioning  circuit  from  the  input  terminal 
and  for  connecting  test  signals  of  known  mag- 
nitude  to  the  conditioning  circuit;  characterized 
by 

processing  circuitry  (9)  for  calibrating  the  condi- 
tioning  circuit,  the  processing  circuitry  being  con- 
nected  to  said  output  terminal  (25)  and  having 
means  for  generating  an  enable  signal  to  control 
said  test  select  circuitry  to  connect  said  test 
signals  to  said  conditioning  circuit  and  for 
generating  a  calibration  factor  as  a  function  of 
said  test  signals  and  conditioned  test  signals 
appearing  at  the  output  of  the  conditioning  cir- 
cuit,  said  test  select  circuitry  having  means  to 
reconnect  said  raw  electrical  signal  to  said  condi- 
tioning  circuit  for  generating  said  conditioned 
electrical  signal  again  at  said  output  terminal  (25) 
and  said  processing  circuitry  (9)  applying  said 
calibration  factor  to  said  conditioned  electrical 
signal  to  generate  a  calibrated  conditioned  electri- 
cal  signal. 

2.  The  apparatus  of  claim  1,  characterized  by 
means  (27)  for  monitoring  a  preselected  condition 
of  the  conditioning  circuit  and  wherein  said  pro- 
cessing  means  performs  said  calibration  when 
said  monitored  condition  reaches  a  preselected 
value. 

3.  The  apparatus  of  Claim  2  characterized  in  that 
said  monitoring  means  includes  temperature 
sensing  means  (27),  for  sensing  the  temperature 
of  said  conditioning  circuit,  means  for  transmit- 
ting  said  temperature  to  the  processing  means 
and  wherein  said  processing  circuitry  stores  said 
temperature  and  performs  said  calibration  when 
said  temperature  changes  by  a  preselected 
amount  since  the  last  calibration  was  performed. 

4.  The  apparatus  of  Claim  2  characterized  in  that 
said  monitoring  means  comprises  clock  means 
(76)  and  wherein  said  processing  circuitry  is 
responsive  to  said  clock  means  (76)  to  perform 
said  calibration  when  a  preselected  interval  has 
elapsed  since  the  last  time  said  calibration  was 
performed. 

5.  The  apparatus  of  Claim  3  characterized  in  that 
said  monitoring  means  also  includes  clock  means 
(76)  and  wherein  said  processing  circuitry  is 
responsive  to  said  clock  means  (76)  and  to  said 
temperature  sensing  means  (27)  and  performs 
said  calibration  when  a  preselected  interval  has 
elapsed  and  when  said  preselected  temperature 
change  has  occurred  since  the  last  calibration  was 
performed. 

6.  The  apparatus  of  Claim  2  characterized  in  that 
said  test  means  includes  a  signal  generating 
circuit  (34,  61)  on  said  printed  circuit  board  and 

switch  means  (78,  83,  89)  operated  by  said  pro- 
cessing  circuitry  (9)  to  selectively  one  at  a  time 
connect  the  raw  electrical  signal  and  the  signal 
generating  circuit  to  said  conditioning  circuit  (23). 

5  7.  The  apparatus  of  Claim  6  characterized  in  that 
said  signal  generating  circuit  (39,  61)  includes 
means  for  generating  a  low  test  signal  having  a 
magnitude  in  the  low  range  for  the  raw  electrical 
signal  and  a  high  test  signal  having  a  magnitude 

10  in  the  high  range  for  the  raw  electrical  signal  and 
herein  said  switch  means  includes  means  con- 
trolled  by  said  processing  circuitry  for  selectively, 
individually  applying  to  said  conditioning  circuit 
said  low  test  signal  and  said  high  test  signal. 

is  8.  The  apparatus  of  Claim  1  including  test  signal 
generating  means  (17)  provided  on  said  printed 
circuit  board  for  generating  test  signals  wherein 
said  test  select  circuitry  includes  decoding  means 
(41)  on  said  printed  circuit  board  which  receives  a 

20  test  address  signal  on  said  enable  signal  from 
said  processing  circuitry,  and  switch  means  asso- 
ciated  with  each  conditioning  circuit  responsive 
to  an  enable  signal  to  connect  the  conditioning 
circuit  to  the  test  signal  generating  means,  said 

25  decoding  means  being  operative  to  apply  the 
enable  signal  from  the  processing  unit  to  the 
switch  means  associated  with  the  selected  condi- 
tioning  circuit. 

9.  The  apparatus  of  Claim  8  wherein  said  test 
30  signal  generating  means  (17)  includes  means  for 

generating  a  low  test  signal  having  a  magnitude 
at  the  low  end  of  a  range  of  the  raw  electrical 
signal  associated  with  the  selected  conditioning 
circuit  and  a  high  test  signal  having  a  magnitude 

35  at  the  high  end  of  the  same  range  of  the  raw 
electrical  signal,  wherein  said  test  select  circuitry 
includes  high/low  selection  means  responsive  to 
a  high/low  test  range  signal  for  selectively  con- 
necting  the  selected  test  signal  generator  to  the 

40  switch  means  and  herein  said  processing  unit 
generates  the  low/high  test  signal  indicating  the 
signal  generator  to  be  selected. 

10.  The  apparatus  of  Claim  9  wherein  said 
processing  (9)  circuit  includes  means  to  calibrate 

45  said  conditioned  electrical  signal  by  generating  a 
calibration  factor  at  a  function  of  said  high  and 
low  test  signals  and  the  conditioned  test  signals 
generated  in  response  thereto  and  by  applying 
said  calibration  factor  to  the  conditioned  electrical 

so  signal. 
11.  The  apparatus  of  Claim  10  wherein  said  test 

signal  generating  means  (17)  includes  internal/ 
external  switch  means  (73)  connected  between 
said  high/low  selection  means  and  said  switch 

55  means  and  responsive  to  an  internal/external 
select  signal  for  selectively,  individually  applying 
the  selected  signal  from  the  test  signal  generator 
means  and  an  external  test  signal  applied  to  said 
internal/external  switch  (73)  and  wherein  said 

bo  processing  unit  generates  said  internal/external 
select  signal. 

Patentanspruche 

65  1.  Vorrichtung  mit  einem  Konditionierkreis  und 
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iner  diesem  zugeordneten  Eicheinrichtung  zur 
erwendung  in  einem  Datensammelsystem, 
estehend  aus  einer  gedruckten  Leiterplatte  (7) 
nit  einem  Eingangsterminal  fur  ein  elektrisches 
iohsignal,  einem  am  Eingangsterminal  ange- 
chlossenen  Konditionierkreis  zur  Konditionie- 
ung  des  elektrischen  Rohsignals,  urn  ein  konditio- 
liertes  elektrisches  Signal  zu  erzeugen,  wobei  die 
.eiterplatte  ferner  ein  Ausgangsterminal  (26)  auf- 
weist; 

einem  Testwahlkreis  zum  selektiven  Abschalten 
les  Konditionierkreises  vom  Eingangsterminal 
ind  zum  Verbinden  von  Testsignalen  bekannter 
JroBe  mit  dem  Konditionierkreis,  dadurch 
lekennzeichnet,  daB  zur  Eichung  des  Konditio- 
lierkreises  ein  Verarbeitungskreis  (9)  am  Aus- 
langsterminal  (25)  angeschlossen  ist,  der  Mittel 
:ur  Erzeugung  eines  Freigabesignals  aufweist,  das 
Jen  Testwahlkreis  steuert,  urn  die  Testsignale  mit 
iem  Konditionierkreis  zu  verbinden  und  als  Funk- 
ion  der  Testsignale  einen  Eichfaktorzu  erzeugen, 
vobei  konditionierte  Testsignale  am  Ausgang  des 
Conditionierkreises  erscheinen,  der  Testwahlkreis 
vlittel  aufweist,  die  das  elektrische  Rohsignal 
vieder  mit  dem  Konditionierkreis  verbinden,  um 
jas  konditionierte  elektrische  Signal  am  Aus- 
jangsterminal  (25)  wieder  zu  erzeugen  und  der 
/erarbeitungskreis  (7)  den  Eichfaktor  auf  das 
conditionierte  elektrische  Signal  aufbringt,  um  ein 
jeeichtes  konditioniertes  elektrisches  Signal  zu 
jrzeugen. 

2.  Vorrichtung  nach  Anspruch  1,  dadurch 
gekennzeichnet,  daB  Mittel  (27)  vorgesehen  sind, 
die  einen  vorgewahlten  Zustand  des  Konditionier- 
kreises  anzeigen  und  worin  die  Verarbeitungsein- 
•eichtung  die  Eichung  durchfuhrt,  wenn  der  ange- 
teigte  Zustand  einen  vorgewahlten  Wert  erreicht. 

3.  Vorrichtung  nach  Anspruch  2,  dadurch 
gekennzeichnet,  daB  die  Anzeigevorrichtung 
ainen  Temperatursensor  (27)  aufweist,  um  die 
Femperatur  des  Konditionierkreises  zu  fuhlen, 
Ferner  Mittel  vorgesehen  sind,  um  diese  Tempera- 
tur  zur  Verarbeitungseinrichtung  zu  iibertragen 
und  worin  der  Verarbeitungskreis  die  Temperatur 
speichert  und  die  Eichung  durchfuhrt,  wenn  sich 
die  Temperatur  seit  der  letzten  Eichung  um  einen 
vorgewahlten  Wert  andert. 

4.  Vorrichtung  nach  Anspruch  2,  dadurch 
gekennzeichnet,  daB  die  Anzeigevorrichtung 
einen  Zeitgeber  (76)  aufweist,  auf  den  der  Verar- 
beitungskreis  anspricht,  um  die  Eichung  durchzu- 
fiihren,  wenn  seit  der  letzten  Eichung  ein  vorge- 
wahlter  Intervall  uberschritten  ist. 

5.  Vorrichtung  nach  Anspruch  3,  dadurch 
gekennzeichnet,  daB  die  Anzeigevorrichtung  auch 
einen  Zeitgeber  (76)  aufweist  und  der  Verarbei- 
tungskreis  auf  diesen  Zeitgeber  (76)  und  auf  den 
Temperatursensor  (27)  anspricht  und  die  Eichung 
durchfuhrt,  wenn  seit  der  letzten  Eichung  ein 
vorgewahlter  Intervall  uberschritten  und  die  vor- 
gewahlte  Temperaturanderung  aufgetreten  ist. 

6.  Vorrichtung  nach  Anspruch  2,  dadurch 
gekennzeichnet,  daB  die  Testeinrichtung  auf  der 
gedruckten  Leiterplatte  einen  Signalkreis  (34,  61) 
und  Schalter  (78,  83,  89)  aufweist,  die  durch  den 

verarDeitungsKreis  \m  oeiaiigi  werueii,  um  oeieiv- 
tiv  jeweils  ein  elektrisches  Rohsignal  und  den 
Signalkreis  mit  dem  Konditionierkreis  zu  verbin- 
den. 

i  7.  Vorrichtung  nach  Anspruch  6,  dadurch 
gekennzeichnet,  daB  der  Signalkreis  (39,  61  )  Mittel 
aufweist,  um  ein  niederes  Testsignal  zu  erzeugen, 
dessen  GroBe  im  niederen  Bereich  fur  das  elektri- 
sche  Rohsignal  liegt,  und  um  ein  hohes  Testsignal 

o  zu  erzeugen,  dessen  GroBe  im  hohen  Bereich  fur 
das  elektrische  Rohsignal  liegt,  wobei  die  Schalter 
Mittel  aufweisen,  die  durch  den  Verarbeitungs- 
kreis  gesteuert  werden,  um  selektiv  das  niedere 
Testsignal  und  das  hohe  Testsignal  individuell  auf 

5  den  Konditionierkreis  aufzubringen. 
8.  Vorrichtung  nach  Anspruch  1  mit  einer  an  der 

gedruckten  Leiterplatte  vorgesehenen  Einrichtung 
(17)  zur  Erzeugung  von  Testsignalen,  worin  der 
Testwahlkreis  an  der  Leiterplatte  eine  Dekodier- 

o  einrichtung  (41)  umfaBt,  die  vom  Verarbeitungs- 
kreis  ein  Testadress-Signal  an  dem  Freigabesignal 
empfangt,  und  jedem  Konditionierkreis  Schalter 
zugeordnet  sind,  die  auf  ein  Freigabesignal 
ansprechen,  um  den  Konditionierkreis  an  der  das 

<s  Testsignal  erzeugenden  Vorrichtung  anzuschlie- 
Ben,  und  die  Dekodiereinrichtung  betriebsfahig 
ist,  um  das  Freigabesignal  von  der  Verarbeitungs- 
einheit  auf  den  dem  gewahlten  Konditionierkreis 
zugeordneten  Schalter  aufzubringen. 

w  9.  Vorrichtung  nach  Anspruch  8,  worin  die 
Einrichtung  (17)  zur  Erzeugung  des  Testsignals 
Mittel  zur  Erzeugung  eines  niedern  Testsignals 
aufweist,  dessen  GroBe  am  nieder  Ende  eines 
Bereches  des  elektrischen  Rohsignals  liegt,  das 

is  dem  gewahlten  Konditionierkreis  zugeordnet  ist, 
und  zur  Erzeugung  eines  hohen  Testsignals,  des- 
sen  GroBe  am  hohen  Ende  des  gleichen  Bereiches 
des  elektrischen  Rohsignals  liegt,  worin  der  Test- 
wahlkreis  Mittel  zur  hoch/niedrig  Wahl  aufweist, 

to  die  auf  ein  hoch/niedrig  Testberechsignal  anspre- 
chen,  um  selektiv  den  gewahlten  Testsignalgene- 
rator  mit  den  Schaltern  zu  verbinden  und  wobei 
die  Verarbeitungseinheit  das  hoch/niedrig  Signal 
erzeugt  und  den  auszuwahlenden  Signalgenerator 

45  anzeigt. 
10.  Vorrichtung  nach  Anspruch  10,  worin  der 

Verarbeitungskreis  (9)  Mittel  zur  Eichung  des 
konditionierten  elektrischen  Signals  aufweist, 
indem  ein  Eichfaktor  als  eine  Funktion  der  hoch 

so  und  niedrig  Testsignale  und  der  darauf  anspre- 
chenden  Konditioniertestsignale  erzeugt  und  die- 
ser  Eichfaktor  auf  das  konditionierte  elektrische 
Signal  aufgebracht  wird. 

11.  Vorrichtung  nach  Anspruch  10,  worin  die 
55  Einrichtung  (17)  zur  Erzeugung  des  Testsignals 

Innen/AuBen-Schalter  (73)  aufweist,  die  zwischen 
der  hoch/niedrig  Wahleinrichtung  und  der  Schal- 
tereinrichtung  angeschlossen  sind  und  auf  ein 
internes/externes  Auswahlsignal  ansprechen,  um 

60  selektiv  individuell  das  ausgewahlte  Signal  vom 
Testsignalgeneratorundeinauf  den  Innen/AuBen- 
Schalter  (73)  aufgebrachtes  externes  Testsignal 
aufzubringen,  und  worin  die  Verarbeitungseinheit 
das  interne/externe  Auswahlsignal  erzeugt. 

65 
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Revendications 

1.  Appareil  comportant  un  circuit  d'adaptation 
et  des  moyens  d'etalonnage  pour  cela,  ledit  appa- 
reil  etant  destine  a  etre  utilise  dans  un  systeme 
d'acquisition  de  donnees,  ledit  appareil  compor- 
tant: 

une  carte  de  circuit  imprime  (7)  ayant  une  borne 
d'entree  pour  un  signal  electrique  brut,  un  circuit 
de  d'adaptation  connecte  a  la  borne  d'entree  pour 
adapter  le  signal  electrique  brut  afin  de  generer 
un  signal  electrique  adapte,  ladite  carte  de  circuit 
imprime  ayant  une  borne  de  sortie  (25); 

des  circuits  de  selection  de  test  pour  deconnec- 
ter  selectivement  le  circuit  d'adaptation  de  la 
borne  d'entree  et  pour  connecter  des  signaux  de 
test  de  valeur  connue  au  circuit  d'adaptation; 
caracterise  par 

des  circuits  de  traitement  (9)  pour  etalonner  le 
circuit  d'adaptation,  les  circuits  de  traitement 
etant  connectes  a  ladite  borne  de  sortie  (25)  et 
ayant  des  moyens  pour  generer  un  signal  de 
validation  afin  de  commander  auxdits  circuits  de 
selection  de  test  de  connecter.  iesdits  signaux  de 
test  audit  circuit  d'adaptation  et  pour  generer  un 
facteur  d'etalonnage  en  fonction  desdits  signaux 
de  test  et  des  signaux  de  test  adaptes  apparais- 
sant  a  la  sortie  du  circuit  d'adaptation,  Iesdits 
circuits  de  selection  de  test  ayant  des  moyens 
pour  reconnecter  ledit  signal  electrique  brut  audit 
circuit  d'adaptation  pour  generer  a  nouveau  ledit 
signal  electrique  adapte  sur  ladite  borne  de  sortie 
(25)  et  Iesdits  circuits  de  traitement  (9)  appliquant 
ledit  facteur  d'etalonnage  audit  signal  electrique 
adapte  de  fagon  a  generer  un  signal  electrique 
adapte  etalonne. 

2.  Appareil  de  la  revendication  1,  caracterise  par 
des  moyens  (27)  pour  controler  une  condition 
preselectionnee  du  circuit  d'adaptation  et  dans 
lequel  Iesdits  moyens  de  traitement  effectuent 
ledit  etalonnage  lorsque  ladite  condition  contrd- 
lee  atteint  une  valeur  preselectionnee. 

3.  Appareil  de  la  revendication  2,  caracterise  en 
ce  que  Iesdits  moyens  de  controle  comportent 
des  moyens  de  detection  de  la  temperature  (27), 
pour  detecter  la  temperature  dudit  circuit  d'adap- 
tation,  des  moyens  pour  transmettre  ladite  tem- 
perature  aux  moyens  de  traitement  et  dans  lequel 
Iesdits  circuits  de  traitement  memorisent  ladite 
temperature  et  effectuent  ledit  etalonnage  lors- 
que  ladite  temperature  change  d'une  value  prese- 
lectionnee  apres  que  le  dernier  etalonnage  ait  ete 
effectue. 

4.  Appareil  de  la  revendication  2,  caracterise  en 
ce  que  Iesdits  moyens  de  controle  comportent 
des  moyens  formant  horloge  (76)  et  dans  lequel 
Iesdits  circuits  de  traitement  reagissent  auxdits 
moyens  formant  horloge  (76)  en  effectuant  ledit 
etalonnage  lorsqu'un  intervalle  preselectionne 
s'est  ecoule  depuis  le  dernier  moment  ou  ledit 
etalonnage  a  ete  effectue. 

5.  Appareil  de  la  revendication  3,  caracterise  en 
ce  que  Iesdits  moyens  de  controle  comportent 
egalement  des  moyens  formant  horloge  (76)  et 
dans  lequel  Iesdits  circuits  de  traitement  reagis- 

sent  auxdits  moyens  formant  horloge  (76)  et 
auxdits  moyens  de  detection  de  la  temperature 
(27)  et  effectuent  ledit  etalonnage  lorsqu'un  inter- 
valle  preselectionne  s'est  ecoule  et  lorsque  ledit 

5  changement  de  temperature  preselectionne  s'est 
produit  apres  que  le  dernier  etalonnage  ait  ete 
effectue. 

6.  Appareil  de  la  revendication  2,  caracterise  en 
ce  que  Iesdits  moyens  de  test  comportent  un 

10  circuit  de  generation  de  signaux  (34,  61  )  sur  ladite 
carte  de  circuit  imprime  et  des  moyens  de  com- 
mutation  (78,  83,  89)  actionnes  par  Iesdits  circuits 
de  traitement  (9)  afin  de  connecter  selectivement 
le  signal  electrique  brut  et  le  circuit  de  generation 

is  de  signaux  chacun  a  son  tour  audit  circuit  d'adap- 
tation  (23). 

7.  Appareil  de  la  revendication  6,  caracterise  en 
ce  que  ledit  circuit  de  generation  de  signaux  (39, 
61)  comporte  des  moyens  pour  generer  un  signal 

20  de  test  bas  ayant  une  valeur  dans  la  plage  basse 
pour  le  signal  electrique  brut  et  un  signal  de  test 
haut  ayant  une  valeur  dans  la  plage  haute  pour  le 
signal  electrique  brut  et  dans  lequel  Iesdits 
moyens  de  commutation  comportent  des  moyens 

25  commandes  par  Iesdits  circuits  de  traitement 
pour  appliquer  selectivement  et  individuellement 
audit  circuit  d'adaptation  ledit  signal  de  test  bas  et 
ledit  signal  de  test  haut. 

8.  Appareil  de  la  revendication  1  comportant 
30  des  moyens  de  generation  de  signaux  de  test  (17) 

disposes  sur  ladite  carte  de  circuit  imprime  pour 
generer  des  signaux  de  test  dans  lequel  Iesdits 
circuits  de  selection  de  test  comportent  des 
moyens  de  decodage  (41)  sur  ladite  carte  de 

35  circuit  imprime  qui  recoivent  un  signal  d'adresse 
de  test  sur  ledit  signal  de  validation  depuis  Iesdits 
circuits  de  traitement,  et  des  moyens  de  commu- 
tation  associes  a  chaque  circuit  de  conditionne- 
ment  reagissant  a  un  signal  de  validation  en 

40  connectant  le  circuit  d'adaptation  aux  moyens  de 
generation  de  signaux  de  test,  Iesdits  moyens  de 
decodage  fonctionnant  de  fagon  a  appliquer  le 
signal  de  validation  de  I'unite  de  traitement  aux 
moyens  de  commutation  associes  au  circuit 

45  d'adaptation  selectionne. 
9.  Appareil  de  la  revendication  8  dans  lequel 

Iesdits  moyens  de  generation  de  signaux  de  test 
(17)  comportent  des  moyens  pour  generer  un 
signal  de  test  bas  ayant  une  valeur  a  I'extremite 

50  basse  d'une  plage  du  signal  electrique  brut  asso- 
cie  au  circuit  d'adaptation  selectionne  et  un  signal 
de  test  haut  ayant  une  valeur  a  I'extremite  haute 
de  la  meme  plage  du  signal  electrique  brut,  dans 
lequel  Iesdits  circuits  de  selection  detest  compor- 

55  tent  des  moyens  de  selection  haut/bas  reagissant 
a  un  signal  de  plage  de  test  haut/bas  en  connec- 
tant  de  fagon  selective  le  generateur  de  signaux 
de  test  selectionne  aux  moyens  de  commutation 
et  dans  lequel  ladite  unite  de  traitement  genere  le 

60  signal  de  test  haut/bas  indiquant  le  generateur  de 
signaux  a  selectionner. 

10.  Appareil  de  la  revendication  9  dans  lequel 
ledit  circuit  de  traitement  (9)  comporte  des 
moyens  pour  etalonner  ledit  signal  electrique 

65  adapte  en  generant  un  facteur  d'etalonnage  en 
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selection  interne/externe  en  appliquant  selective- 
ment  et  individuellement  le  signal  selectionne  des 
moyens  generateurs  de  signaux  de  test  et  un 
signal  de  test  externe  applique  audit  commuta- 
teur  interne/externe  (73)  et  dans  lequel  ladite 
unite  de  traitement  genere  ledit  signal  de  selec- 
tion  interne/externe. 

J 

3 

30 

notion  desdits  signaux  ae  tesi  naui  et  oas  ei  ue& 
gnaux  de  test  adaptes  generes  en  reponse  a 
;ux-ci  et  en  appliquant  ledit  facteur  d'etalonnage 
j  signal  electrique  adapte. 
11.  Appareil  de  la  revendication  10  dans  lequel 
sdits  moyens  de  generation  de  signaux  de  test 
7)  comportent  des  moyens  de  commutation 
iterne/externe  (73)  connectes  entre  Iesdits 
loyens  de  selection  haut/bas  et  Iesdits  moyens 
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