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Description 

The  invention  relates  to  a  control  device  for 
regulating  flow  of  pressurized  gas  between  two 
pressurized  gas  devices. 

In  the  field  of  pneumatic  circuits  it  is  often 
desirable  to  change  the  pressure  in  a  circuit  and  to 
maintain  it  at  the  desired  pressure  until  a  new 
pressure  setting  is  required.  For  example,  in  a 
industrial  robot  where  a  pneumatically  driven  robot 
had  mechanically  positions  and  holds  workpieces, 
it  may  be  desired  to  have  successive  or  adjustable 
holding  operations  requiring  different  holding  pres- 
sures.  By  changing  the  pressure  in  the  pneumatic 
circuit  driving  the  robot  hand,  these  different  hold- 
ing  pressures  can  be  achieved. 

In  the  past,  changing  the  pressure  in  a  pneu- 
matic  circuit  has  been  troublesome.  Most  controls 
for  the  circuit  pressure  are  mechanical.  These  me- 
chanical  pressure  control  devices  usually  control 
pressure  by  constantly  venting  through  a  small 
orifice  and  then  making  up  pressure  through  a 
valve  to  a  high  pressure  source  when  the  circuit 
pressure  falls  below  a  set  level  because  of  the 
constant  loss.  This  wastes  energy  necessary  to 
pressurize  the  gas  which  is  constantly  being  vent- 
ed  and  produces  a  constantly  changing  circuit 
pressure  about  the  desired  pressure. 

Other  systems  mechanically  or  electrically  con- 
trol  valves  which  vent  from  the  circuit  or  supply 
pressurized  gas  to  the  circuit  based  upon  upper 
and  lower  pressure  settings.  The  problem  with 
these  systems  is  that  it  is  easy  improperly  to  set 
one  of  the  control  settings  relative  to  the  other  so 
that  they  are  too  close.  When  this  occurs,  the 
system  oscillates  out  of  control.  Also,  since  either 
one  of  the  controls  can  fail,  the  system  can  fail  with 
a  maximum  pressure  supply  in  the  circuit  or  no 
pressure  in  the  circuit.  Usually,  it  is  desired  to  have 
a  failure  in  only  one  of  the  two  manners  so  that 
disastrous  results  are  avoided. 

Another  problem  with  controlling  pneumatic 
systems,  regardless  of  the  method  of  control,  is 
cost.  The  most  desirable  place  for  a  control  device 
is  at  a  point  where  the  pressure  regulation  is  need- 
ed.  This,  however,  means  that  a  separate  control 
device  must  be  positioned  at  every  position  of 
pressure  operation.  Effective  control  of  a  pneumatic 
circuit  of  this  kind  thus  requires  a  large  number  of 
controllers.  Unless  the  cost  of  the  controller  is 
relatively  low,  such  a  system  becomes  uneconom- 
ical.  Thus,  although  the  solutions  to  the  problems 
described  might  be  possible  using  expensive 
equipment,  such  solutions  are  not  usable  because 
of  their  cost. 

One  particular  cost  problem  which  relates  to 
the  problem  of  system  control  is  response  speed 
to  a  signalled  or  desired  pressure  change.  Gen- 

erally,  it  is  necessary  to  have  a  fast  response  time 
so  that  a  desired  pressure  change  will  achieve  its 
desired  results.  However,  in  systems  with  both 
venting  and  pressuring  valves,  a  fast  response 

5  means  a  large  "dead  band"  between  the  operation 
of  the  valves  is  necessary  to  prevent  uncontrolled 
oscillation  of  the  two  valves.  Thus,  the  fast  re- 
sponse  time  prevents  fine  control.  While  a  variable 
orifice  valve  could  be  used  to  provide  both  fine 

io  control  and  fast  response,  such  valves  are  expen- 
sive  and  the  equipment  to  drive  these  valves  is 
also  expensive.  Finally,  such  valves  are  too  large 
for  many  pneumatic  circuit  operations. 

Patent  Specification  EP-A-0  107  610  discloses 
75  an  electrical  signal  to  pneumatic  pressure  signal 

transducer  for  regulating  flow  of  pressurised  gas 
utilising  a  solenoid  operated  non-variable  orifice 
valve  and  an  electronic  signal  source  producing  an 
electrical  drive  signal  to  control  the  solenoid. 

20  Patent  Abstracts  of  Japan  Vol  10  No  44  JP-A- 
60-196412  discloses  a  valve  coil  parallel  with  a 
diode  across  a  DC  source  and  an  adding  circuit 
coupled  to  a  transistor  in  the  valve  coil  circuit  and 
also  to  a  dither  generating  circuit  and  a  current 

25  controlling  circuit  so  that  a  slow  oscillating  current 
is  supplied  to  the  valve  coil. 

According  to  the  invention  there  is  provided  a 
control  device  for  regulating  flow  of  pressurized 
gas  between  two  pressurized  gas  devices,  com- 

30  prising: 
a  solenoid-actuated,  non-variable  orifice  valve 

connected  to  control  flow  of  pressurized  gas  be- 
tween  two  gas  devices,  the  solenoid-actuated  valve 
having  a  solenoid  which  produces  an  electromag- 

35  netic  field  when  operating;  and 
an  electronic  signal  source  to  produce  an  elec- 

trical  drive  signal  which  controls  the  solenoid; 
characterised  by  electronic  circuit  means  con- 

necting  the  electronic  signal  source  and  the  elec- 
40  tromagnetic  field  generated  by  the  solenoid  rapidly 

to  oscillate  the  operation  of  the  solenoid  to  produce 
operation  of  the  valve  like  that  of  a  variable  orifice 
valve. 

Such  a  control  device  can  thus  control  the 
45  circuit  pressure  wherein  the  rate  of  response  ad- 

justs  to  the  rate  of  pressure  change  demanded,  yet 
can  be  of  relatively  low  cost  and  simple  in  its 
construction  and  operation. 

The  invention  is  diagrammatically  illustrated  by 
50  way  of  example  in  the  accompanying  drawing, 

which  is  a  schematic  representation  of  a  control 
device  according  to  the  invention. 

Referring  to  the  drawing,  a  circuit  11  includes  a 
pneumatic  conduit  13  which  carried  a  pressurized 

55  gas.  The  conduit  13  is  part  of  a  pneumatic  circuit 
which  supplies  gas  to  a  desired  location  such  as  an 
industrial  robot. 
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An  exhaust  valve  15  and  a  pressure  valve  17 
are  provided  on  the  conduit  13  to  adjust  the  pneu- 
matic  pressure  in  the  conduit  13  and  the  pneumatic 
circuit  of  which  it  is  a  part.  A  transducer  19  is 
connected  to  the  conduit  13  to  determine  the  gas 
pressure  in  the  conduit  13  and  to  produce  an 
electrical  signal  proportional  thereto.  This  signal, 
together  with  a  signal  produced  by  a  control  input 
device  21,  is  used  to  control  the  operation  of  the 
exhaust  and  pressure  valves  15  and  17. 

The  control  input  device  21  may  be  a  manually 
operated  device  or  may  be  automatically  operated 
for  example  by  a  remote  computer.  If  manually 
operated,  the  device  21  would  include  indicating 
means  such  as  a  calibrated  dial  so  that  a  desired 
setting  could  be  read  at  the  time  of  manual  opera- 
tion.  If  remotely  operated  a  return  signal  22  indicat- 
ing  the  demand  for  a  pressure  change  and  the 
current  pressure  can  be  utilized  to  improve  the 
remote  operation. 

To  provide  the  control  of  the  exhaust  and  pres- 
sure  valves  15  and  17  responsive  to  the  signals 
generated  by  the  transducer  19  and  the  control 
input  device  21,  a  comparator  circuit  23  is  utilized. 
The  comparator  circuit  23  adjusts  the  voltage  or 
current  of  the  signals  so  that  they  may  be  directly 
compared,  then  compares  the  two  signals  and 
electrically  actuates  either  or  neither  of  the  valves 
15  or  17  by  means  of  solenoids.  Thus,  the  valves 
15  and  17  are  solenoid-actuated  valves  operated 
by  solenoids  25  and  27,  respectively. 

The  comparator  circuit  23  may  be  either  volt- 
age  or  current  comparing.  As  shown,  a  resistor  29 
connected  to  the  control  input  device  21  results  in 
a  variable  current  signal  31  .  If  the  resistor  29  were 
removed,  the  control  input  device  21  would  provide 
a  variable  voltage  signal  31  .  A  typical  current  signal 
31  will  be  from  4  to  20  milliamps.  A  typical  voltage 
signal  31  would  be  from  1  to  5  volts  D.C. 

The  control  signal  31  is  introduced  to  a  voltage 
amplifier  33.  The  voltage  amplifier  33  is  adjustable 
so  that  the  span  of  the  control  signal  31  can  be 
varied.  The  output  35  of  the  voltage  amplifier  33  is 
then  introduced  to  a  voltage  amplifier  37  to  adjust 
the  zero  or  offset  of  the  control  signal.  An  output 
control  signal  39  from  the  amplifier  37  is  thus 
proportional  to  the  signal  from  the  control  input 
device  21  with  a  desired  amount  of  gain  or  span  as 
set  by  the  amplifier  33  and  a  desired  zero  point  as 
provided  by  the  amplifier  37. 

The  transducer  19  produces  an  electrical  signal 
41  which  is  proportional  to  the  pneumatic  pressure 
in  the  conduit  13.  This  pressure  signal  41  is  intro- 
duced  to  a  zero  adjusting  amplifier  43  with  a  vari- 
able  offset  so  that  the  zero  point  of  the  signal  41 
can  be  adjusted.  The  output  of  the  amplifier  43  is  a 
signal  45  which  is  introduced  to  an  amplifier  47. 
The  amplifier  47  is  adjustable  to  set  the  gain  of  the 

pressure  signal.  Thus,  the  pressure  signal  41  is 
adjusted  by  the  amplifiers  43  and  47  for  the  span 
and  zero  point.  Additionally,  the  amplifier  47  can  be 
adjusted  to  correct  these  pressure  signals  for  tem- 

5  perature  changes.  The  output  of  the  amplifier  47  is 
a  pressure  signal  49  which  can  be  compared  with 
the  control  signal  39.  The  return  signal  22,  used  to 
convey  the  existing  pressure  in  the  conduit  13,  can 
be  derived  from  the  signal  49.  A  visual  display  of 

io  the  existing  pressure  can  be  provided  by  a  display 
device  50. 

Each  of  the  signals  39  and  49  are  introduced  to 
comparison  amplifiers  51  and  53.  The  comparison 
amplifier  51  produces  an  exhaust  signal  55  if  the 

is  control  signal  39  indicates  a  desired  pressure 
which  is  lower  than  the  existing  pressure  indicated 
by  the  pressure  signal  49.  Similarly,  the  compara- 
tor  amplifier  53  produces  an  increase  pressure 
signal  57  if  the  control  signal  39  indicates  a  desired 

20  pressure  which  is  higher  than  the  existing  circuit 
pressure  indicated  by  the  signal  49. 

When  the  exhaust  signal  55  is  produced  an 
amplifier  59  alters  the  exhaust  signal  55  to  an 
electrical  signal  61  with  a  voltage  and  current  able 

25  to  power  the  solenoid  25  which  actuates  the  sole- 
noid  actuated  exhaust  valve  15.  Thus,  the  exhaust 
signal  55  opens  the  exhaust  valve  15  and  reduces 
the  pressure  in  the  conduit  13  and  its  pneumatic 
circuit. 

30  When  an  increase  pressure  signal  57  is  gen- 
erated,  it  is  introduced  to  an  amplifier  62  which 
produces  an  electrical  signal  63  having  a  voltage 
and  current  to  power  the  pressure  valve  solenoid 
27.  This  opens  the  valve  17  allowing  pressurized 

35  gas  from  a  gas  supply  64  to  enter  the  conduit  13 
and  increase  the  gas  pressure  therein.  Thus,  an 
increase  pressure  signal  57  operates  the  solenoid- 
actuated  valve  17  to  increase  the  pressure  in  the 
pneumatic  circuit. 

40  As  can  be  seen,  both  the  valves  15  and  17  are 
normally  closed.  However,  an  inverter  amplifier 
such  as  amplifier  65  can  be  provided  if  the  valve 
15  is  normally  open.  The  valve  15  would  be  nor- 
mally  open  if  the  safe  mode  for  total  electrical 

45  failure  was  an  exhausted  system.  If  it  is  desired  to 
maintain  system  pressure  upon  total  electrical  fail- 
ure,  the  valve  15  should  be  normally  closed. 

In  order  to  prevent  the  valves  15  and  17  from 
constantly  oscillating,  a  dead  band  region  between 

50  generating  the  signals  55  and  57  is  desired.  This 
dead  band  can  be  provided  by  current  sources  67 
and  69.  The  current  sources  67  and  69  adjust  the 
signal  49  entering  the  amplifier  51  so  that  it  is 
offset  from  the  signal  49  entering  the  amplifier  53 

55  by  the  desired  amount  of  offset. 
The  solenoid-actuated  valves  15  and  17  are 

single-acting,  i.e.  they  are  not  variable-orifice 
valves.  The  comparator  circuit  23  selectively  pro- 

3 
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vides  a  signal  to  these  valves  and  the  signal  is 
either  an  open-signal  or  a  close-signal.  Although 
variable  orifice  valves  are  known,  generally  these 
valves  are  too  large  and  too  expensive  to  have  any 
use  in  applications  where  the  pneumatic  circuit 
pressure  is  in  the  range  of  207  kPa  to  690  kPa  (30 
to  100  psi),  the  pneumatic  circuit  tubes  are  in  the 
range  of  .075  mm  to  .15  mm  (.003  inches  to  .006 
inches)  in  diameter  or  the  cost  of  the  valve  must  be 
less  than  $10.00. 

A  very  serious  problem  with  single-acting  sole- 
noid-actuated  pneumatic  valves  is  that  a  large  dead 
band  must  be  provided  by  the  amplifiers  51  and  53 
in  order  to  prevent  an  out  of  control  constant  os- 
cillation  of  the  valves.  However,  by  means  of  the 
control  a  single-acting  valve  can  be  made  to  op- 
erate  like  a  variable  orifice  valve  by  rapidly  oscillat- 
ing  the  actuate  signal  when  only  small  pressure 
changes  are  required.  In  addition,  rapid  oscillation 
and  variable  orifice-like  operation  can  be  achieved 
with  little  or  no  additional  equipment  cost. 

This  effect  of  variable  orifice  operation  is 
achieved  by  electromagnetic  induction  through  the 
electromagnetic  field  generated  by  the  solenoids  of 
the  valve  15  or  17  as  they  operate.  As  shown  in  the 
figure,  only  the  valve  17  is  connected  so  that  it 
operates  like  a  variable  orifice  valve.  Only  one 
valve  needs  to  be  operated  this  way  in  order  to 
prevent  uncontrolled  oscillation  of  the  whole  sys- 
tem.  However,  both  of  the  valves  15  and  17  could 
be  connected  to  operate  this  way  if  it  were  desired 
to  provide  even  more  sensitivity  and  an  even  small- 
er  dead  band  between  the  signals  55  and  57. 

The  valve  17  has  the  solenoid  27  to  actuate 
opening  and  closing  of  the  valve.  Since  the  valve 
17  is  normally  closed,  when  the  solenoid  27  is 
actuated  to  open  the  valve  17,  the  solenoid  holds 
the  valve  open.  As  it  does  so,  the  solenoid  27 
generates  an  electromagnetic  field. 

By  locating  the  circuitry  of  the  comparator  23 
so  that  an  electrical  conductor  73  of  the  compara- 
tor  23  which  carries  the  control  signal  31  is  within 
this  field,  an  induced  electromagnetic  force  therein 
will  change  the  central  signal  31  according  to  the 
direction  and  position  of  the  conductor  73  in  the 
field.  By  fixing  this  position  so  that  the  signal  31  is 
altered  opposite  to  the  direction  which  would  cause 
the  signal  to  open  the  valve  17,  a  rapid  oscillation 
of  the  increase  pressure  signal  63  will  result  when 
the  signal  39  is  "close"  to  its  compared  signal  49. 
When  the  signals  39  and  49  are  sufficiently  close, 
each  time  an  increase  pressure  signal  63  begins  to 
open  the  valve  17,  the  solenoid  27  operation  re- 
duces  the  signal  31  and  the  signal  39  is  reduced 
accordingly.  This  causes  the  comparison  of  the 
signals  39  and  49  to  be  sufficiently  close  to  stop 
the  signal  63.  When  the  electromagnetic  field  is 
turned  off,  however,  the  comparison  again  causes 

the  signal  63  to  be  generated. 
The  rapid  oscillation  of  the  signal  63  causes 

the  valve  17  to  flutter  open  and  this  fluttering 
produces  a  slow  pressure  change  as  if  the  orifice 

5  of  valve  17  were  partially  opened.  Thus,  the  valve 
17  acts  like  a  variable  orifice  valve. 

The  oscillation  of  the  valve  must  be  sufficiently 
slow  for  the  solenoid  27  to  respond  to  move  the 
valve  but  not  so  slow  that  the  valve  remains  fully 

io  open  during  a  long  period  of  oscillation.  For  an 
unbalanced  poppet  valve  with  a  .075  mm  (0.03 
inch)  diameter  orifice,  an  oscillation  of  20  to  20,000 
hertz  is  desirable  with  40  to  4,000  hertz  being  more 
preferred. 

is  In  addition  to  the  oscillation  frequency,  the  duty 
ratio  during  an  oscillation  period  affects  the  re- 
sponse  of  the  valve  (the  average  orifice  opening 
during  an  opening  and  closing  operation  produced 
by  a  single  oscillation).  The  duty  ratio  is  the  ratio  of 

20  the  portion  of  the  oscillation  cycle  which  has  an 
open  signal  to  that  portion  of  the  oscillation  cycle 
which  has  a  close  signal.  This  duty  ratio  varies  with 
the  ratio  of  the  signals  39  and  49  which  are  being 
compared  to  produce  the  signal  63.  If  these  signals 

25  are  close,  the  duty  ratio  is  small  producing  a  low 
rate  of  gas  entering  the  circuit  through  the  valve 
17.  If  these  signals  are  far  apart,  the  duty  ratio  is 
high  resulting  in  a  higher  rate  of  gas  entering 
through  the  valve  17.  Thus,  the  pressure  response 

30  of  the  control  varies  with  the  demand  during  lower 
demand  situations,  so  that  the  dead  band  can  be 
small  producing  a  very  accurate  control  with  no 
wasted  energy.  This  can  be  achieved  with  a  very 
inexpensive  circuit  since  the  oscillation  is  achieved 

35  using  only  a  conductor  located  within  the  elec- 
tromagnetic  field  generated  by  the  solenoid  27. 

If  the  signal  39  is  much  greater  than  the  signal 
49,  the  electromagnetic  field  generated  by  the  so- 
lenoid  17  does  not  sufficiently  reduce  the  signals 

40  31  and  39  to  turn  off  the  signal  57.  Thus,  when  a 
very  rapid  pressure  increase  is  required,  the  valve 
17  acts  like  a  single-acting  full  open  valve  to  pro- 
vide  the  rapid  pressure  increase. 

A  failsafe  device  71  is  provided  across  the 
45  amplifier  33  and  generates  its  own  signal  to  be 

summed  so  that  a  predetermined  signal  35  results 
if  the  voltage  of  the  signal  31  drops  below  a 
predetermined  amount.  Thus,  if  the  power  to  the 
control  input  device  21  is  lost  or  a  tremendously 

50  erroneous  signal  31  is  being  generated,  the  failsafe 
device  71  still  supplies  a  desired  pressure  signal 
39  to  prevent  the  exhaust  valve  15  from  being 
continuously  open  and  pressure  in  the  pneumatic 
circuit  being  lost. 

55  A  second  failsafe  device  75  is  provided  for 
those  situations  where  a  total  power  loss  would 
result  in  a  dangerous  condition  because  of  pres- 
sure  changes.  The  second  failsafe  device  75 
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senses  the  voltage  of  the  system  power  and,  if  the 
voltage  falls  below  a  predetermined  amount,  both 
of  the  valves  15  and  17  are  turned  off  so  as  to 
maintain  the  system  pressure.  For  this  failsafe  de- 
vice  to  maintain  pressure,  both  of  the  valves  15 
and  17  must  be  spring  closed.  Of  course,  in  this 
condition  of  "maintain  pressure"  because  of  power 
loss,  the  comparator  circuit  will  not  function. 

Claims 

1.  A  control  device  for  regulating  flow  of  pressur- 
ized  gas  between  two  pressurized  gas  devices, 
comprising: 

a  solenoid-actuated,  non-variable  orifice 
valve  (15,  17)  connected  to  control  flow  of 
pressurized  gas  between  two  gas  devices,  the 
solenoid-actuated  valve  (15,  17)  having  a  sole- 
noid  (25,  27)  which  produces  an  electromag- 
netic  field  when  operating;  and 

an  electronic  signal  source  (19,  21)  to  pro- 
duce  an  electrical  drive  signal  (61,  63)  which 
controls  the  solenoid  (25,  27); 

characterised  by  electronic  circuit  means 
(73)  connecting  the  electronic  signal  source 
and  the  electromagnetic  field  generated  by  the 
solenoid  to  rapidly  oscillate  the  operation  of 
the  solenoid  (25,  27)  to  produce  operation  of 
the  valve  (15,  17)  like  that  of  a  variable  orifice 
valve. 

2.  A  control  device  according  to  claim  1  ,  wherein 
the  electronic  circuit  means  comprises  an  elec- 
trical  conductor  (73)  connected  to  the  elec- 
tronic  signal  source  (19,  21)  so  that  the  elec- 
tronic  signal  source  is  electrically  responsive 
thereto,  and  wherein  the  electrical  conductor 
(73)  is  disposed  within  the  electromagnetic 
field  of  the  solenoid  (27)  so  that  the  elec- 
tromagnetic  field  causes  the  oscillation  by 
electromagnetic  induction  in  the  electrical  con- 
ductor  (73). 

3.  A  control  device  according  to  claim  1  ,  wherein 
the  electronic  signal  source  comprises: 

first  signal  generating  means  (19)  to  deter- 
mine  a  sensed  pressure  in  the  pneumatic  cir- 
cuit  (13)  and  to  produce  a  first  electrical  signal 
(41  ,  49)  proportional  thereto; 

second  signal  generating  means  (21)  to 
determine  a  desired  pressure  in  the  pneumatic 
circuit  and  to  produce  a  second  electrical  sig- 
nal  proportional  (31  ,  39)  thereto;  and 

comparator  means  (51  ,  53)  to  compare  the 
first  and  second  electrical  signals  and  selec- 
tively  produce  the  electrical  drive  signal  (61, 
63)  which  controls  the  solenoid. 

4.  A  control  device  according  to  claim  3,  wherein 
the  electronic  circuit  means  comprises  an  elec- 
trical  conductor  (73)  disposed  within  the  elec- 
tromagnetic  field  of  the  solenoid  (27)  so  that 

5  the  electromagnetic  field  causes  the  oscillation 
by  electromagnetic  induction  in  the  electrical 
conductor  (73). 

Patentanspruche 
10 

1.  Regelvorrichtung  zur  Regelung  des  Stromes 
von  Druckgas  zwischen  zwei  Druckgasgeraten, 
umfassend: 
ein  magnetisch  betatigtes  Ventil  (15,  17)  mit 

is  nicht  veranderlicher  Offnung,  das  vorgesehen 
ist,  urn  den  Strom  von  Druckgas  zwischen  zwei 
Gasgeraten  zu  steuern,  wobei  das  magnetisch 
betatigte  Ventil  (15,  17)  eine  Magnetspule  (25, 
27)  besitzt,  die  im  Betrieb  ein  elektromagneti- 

20  sches  Feld  erzeugt;  und 
eine  elektronische  Signalquelle  (19,  21),  die  ein 
elektrisches  Steuersignal  (61  ,  63)  erzeugt,  wel- 
ches  die  Magnetspule  (25,  27)  steuert; 
gekennzeichnet  durch  eine  elektronische 

25  Schalteinrichtung  (73),  die  die  elektronische  Si- 
gnalquelle  und  das  durch  die  Magnetspule  er- 
zeugte  elektromagnetische  Feld  miteinander 
verbindet,  urn  den  Betrieb  der  Magnetspule 
(25,  27)  rasch  hin  und  her  zu  schalten,  damit 

30  das  Ventil  (15,  17)  wie  ein  Ventil  mit  verander- 
licher  Offnung  arbeitet. 

2.  Regelvorrichtung  nach  Anspruch  1  ,  bei  der  die 
elektronische  Schalteinrichtung  einen  elektri- 

35  schen  Leiter  (73)  umfaBt,  der  mit  der  elektroni- 
schen  Signalquelle  (19,  21)  verbunden  ist,  so 
dal3  die  elektronische  Signalquelle  darauf  elek- 
trisch  anspricht,  und  bei  der  der  elektrische 
Leiter  (73)  in  dem  elektromagnetischen  Feld 

40  der  Magnetspule  (27)  angeordnet  ist,  so  dal3 
das  elektromagnetische  Feld  durch  elektroma- 
gnetische  Induktion  in  dem  elektrischen  Leiter 
(73)  die  Schwingung  hervorruft. 

45  3.  Regelvorrichtung  nach  Anspruch  1  ,  bei  der  die 
elektronische  Signalquelle  folgendes  umfaBt: 
eine  erste  Signalerzeugungseinrichtung  (19), 
die  einen  erfaBten  Druck  in  dem  Pneumatik- 
kreis  (13)  ermittelt  und  proportional  dazu  ein 

50  erstes  elektrisches  Signal  (41  ,  49)  erzeugt; 
eine  zweite  Signalerzeugungseinrichtung  (21), 
die  einen  gewunschten  Druck  in  dem  Pneuma- 
tikkreis  ermittelt  und  proportional  dazu  ein 
zweites  elektrisches  Signal  erzeugt;  und 

55  eine  Vergleichseinrichtung  (51,  53),  die  das 
erste  und  das  zweite  elektrische  Signal  mitein- 
ander  vergleicht  und  wahlweise  das  elektrische 
Steuersignal  (61  ,  63)  erzeugt,  das  die  Magnet- 
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spule  steuert.  (21)  pour  determiner  une  pression  voulue  dans 
le  circuit  pneumatique  et  pour  produire  un  se- 

4.  Regelvorrichtung  nach  Anspruch  3,  bei  der  die  cond  signal  electrique  (31  ,  39)  proportionnel  a 
elektronische  Schalteinrichtung  einen  elektri-  celle-ci  ;  et 
schen  Leiter  (73)  umfaBt,  der  in  dem  elektro-  5  un  moyen  de  comparateur  (51,  53)  pour 
magnetischen  Feld  der  Magnetspule  (27)  an-  comparer  les  premier  et  second  signaux  elec- 
geordnet  ist,  so  dal3  das  elektromagnetische  triques  et  pour  produire  selectivement  le  signal 
Feld  durch  elektromagnetische  Induktion  in  de  commande  electrique  (61  ,  63)  qui  comman- 
dem  elektrischen  Leiter  (73)  die  Schwingung  de  le  soleno'fde. 
hervorruft.  10 

4.  Appareil  de  regulation  selon  la  revendication  3, 
Revendicatlons  caracterise  en  ce  que  le  moyen  de  circuit 

electronique  comprend  un  conducteur  electri- 
1.  Appareil  de  regulation  du  debit  d'un  gaz  sous  que  (73)  dispose  a  I'interieur  du  champ  elec- 

pression  entre  deux  appareils  a  gaz  sous  pres-  is  tromagnetique  du  soleno'fde  (27)  de  fagon  que 
sion,  comprenant  :  ce  champ  electromagnetique  produise  I'oscilla- 

une  soupape  a  orifice  non-variable  et  a  tion  par  induction  electromagnetique  dans  le 
commande  par  soleno'fde  (15,  17)  branchee  conducteur  electrique  (73). 
pour  controler  le  debit  de  gaz  sous  pression 
entre  deux  appareils  a  gaz,  cette  soupape  a  20 
commande  par  soleno'fde  (15,  17)  comportant 
un  soleno'fde  (25,  27)  qui  produit  un  champ 
electromagnetique  lorsqu'il  fonctionne  ;  et 

une  source  de  signal  electronique  (19,  21) 
pour  produire  un  signal  de  commande  electri-  25 
que  (61,  63)  servant  a  commander  le  soleno'f- 
de  (25,  27)  ; 

caracterise  par  un  moyen  de  circuit  elec- 
tronique  (73)  reliant  la  source  de  signal  electro- 
nique  au  champ  electromagnetique  genere  par  30 
le  soleno'fde  pour  faire  osciller  rapidement  le 
fonctionnement  du  soleno'fde  (25,  27)  de  ma- 
niere  a  produire  le  fonctionnement  de  la  sou- 
pape  (15,  17)  a  la  maniere  d'une  soupape  a 
orifice  variable.  35 

2.  Appareil  de  regulation  selon  la  revendication  1  , 
caracterise  en  ce  que  le  moyen  de  circuit 
electronique  comprend  un  conducteur  electri- 
que  (73)  branche  a  la  source  de  signal  electro-  40 
nique  (19,  21)  de  fagon  que  cette  source  de 
signal  electronique  reponde  electriquement  a 
celui-ci,  et  en  ce  que  le  conducteur  electrique 
(73)  est  dispose  a  I'interieur  du  champ  electro- 
magnetique  du  soleno'fde  (27)  de  fagon  que  le  45 
champ  electromagnetique  produise  I'oscillation 
par  induction  electromagnetique  dans  le 
conducteur  electrique  (73). 

3.  Appareil  de  regulation  selon  la  revendication  1  ,  so 
caracterise  en  ce  que  la  source  de  signal 
electronique  comprend  : 

un  premier  moyen  de  generation  de  signal 
(19)  pour  determiner  une  pression  detectee 
dans  le  circuit  pneumatique  (13)  et  pour  pro-  55 
duire  un  premier  signal  electrique  (41,  49)  pro- 
portionnel  a  celle-ci  ; 

un  second  moyen  de  generation  de  signal 

spule  steuert. 

4.  Regelvorrichtung  nach  Anspruch  3,  bei  der  die 
elektronische  Schalteinrichtung  einen  elektri- 
schen  Leiter  (73)  umfaBt,  der  in  dem  elektro-  5 
magnetischen  Feld  der  Magnetspule  (27)  an- 
geordnet  ist,  so  dal3  das  elektromagnetische 
Feld  durch  elektromagnetische  Induktion  in 
dem  elektrischen  Leiter  (73)  die  Schwingung 
hervorruft.  io 

Revendicatlons 

1.  Appareil  de  regulation  du  debit  d'un  gaz  sous 
pression  entre  deux  appareils  a  gaz  sous  pres-  is 
sion,  comprenant  : 

une  soupape  a  orifice  non-variable  et  a 
commande  par  soleno'fde  (15,  17)  branchee 
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