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Description 

Background  of  the  invention 
Technical  field 

The  present  invention  relates  to  a  hydraulic 
system  for  an  aircraft,  and  more  particularly  to 
such  a  system  having  improved  backup  or 
reserve  capability. 

Background  art 
In  modern  day  aircraft,  a  hydraulic  system  is 

commonly  used  to  provide  power  for  various 
operating  components  of  the  aircraft,  such  as 
wing  flaps,  control  surfaces,  thrust  reversers,  and 
also  steering  and  brakes  for  the  landing  gear.  For 
reasons  of  safety,  it  is  quite  common  to  provide 
redundant  hydraulic  systems.  Thus,  if  one  of  the 
hydraulic  systems  is  damaged  or  malfunctions, 
another  hydraulic  system  could  take  over  to 
provide  adequate  power.  For  components  such  as 
control  surfaces,  there  may  be  as  many  as  three 
or  more  separate  hydraulic  systems  to  provide  a 
yet  greater  margin  of  safety,  but  for  other  func- 
tions  such  multiple  redundancy  may  not  be 
required. 

Another  technique  in  providing  a  backup 
system  is  to  supply  a  single  hydraulic  system 
itself  with  a  reserve  supply,  so  that  even  though  a 
portion  of  a  single  hydraulic  system  is  damaged, 
the  reserve  supply  may  be  used  at  least  to  a 
limited  extent.  More  specifically,  in  many  aircraft, 
there  is  a  reservoir  of  hydraulic  fluid  that  Has  a 
standpipe  which  has  an  inlet  opening  that  is 
positioned  a  moderate  distance  above  the  floor  of 
the  reservoir  and  closer  to  a  central  location  in  the 
reservoir.  Thus,  if  the  aircraft  experiences  nega- 
tive  G  loads,  so  that  the  fluid  in  the  reservoir  tends 
to  rise  toward  the  top  of  the  reservoir,  the  inlet  of 
the  standpipe  will  still  be  surrounded  by  hydraulic 
fluid,  thus  avoiding  the  potential  problem  of  the 
hydraulic  pumps  ingesting  air  from  the  interior  of 
the  reservoir. 

While  the  primary  purpose  of  such  a  reservoir 
arrangement  is  to  avoid  drawing  air  into  the 
hydraulic  system  under  negative  G  loading,  this 
particular  reservoir  arrangement  has  been  used  in 
the  prior  art  as  part  of  a  backup  subsystem  for 
that  particular  hydraulic  system.  In  normal  oper- 
ation,  one  or  more  pumps  will  draw  fluid  from  the 
reservoir  and  direct  this  fluid  to  a  certain  use 
location  (i.e.  to  operate  the  thrust  reversers,  flaps, 
etc.).  This  same  fluid  will  be  recirculated  back  to 
the  reservoir,  with  the  volume  of  fluid  in  the 
reservoir  normally  remaining  constant,  and  under 
normal  G  loading,  will  be  well  above  the  level  of 
the  standpipe. 

However,  let  it  be  assumed  that  there  is  a  leak  in 
one  of  the  lines  of  the  hydraulic  system.  As  the 
pump  continues  to  deliver  fluid,  the  level  of  the 
reservoir  will  drop.  The  aircraft's  monitoring 
system  will  normally  note  the  loss  of  fluid,  and  as 
this  comes  to  the  pilot's  attention,  he  may  shut  off 
that  particular  hydraulic  system  in  the  hope  of 
avoiding  further  loss  of  fluid. 

However,  let  it  be  assumed  that  fluid  continues 

to  be  lost  until  the  level  in  the  reservoir  reaches 
the  height  of  the  inlet  to  the  standpipe.  At  this 
point,  there  will  be  no  further  fluid  flow  from  the 
reservoir,  so  the  fluid  that  remains  below  the  level 

5  of  the  standpipe  inlet  would  not  yet  be  lost.  In 
some  prior  art  aircraft,  this  fluid  that  remains  in 
the  reservoir  below  the  level  of  the  standpipe  can 
be  made  available  by  utilizing  an  alternate  reser- 
voir  outlet  opening  which  is  located  at  the  bottom 

10  wall  of  the  reservoir.  In  addition,  there  is  provided 
a  valve  isolation  system  which  would  limit  the 
flow  of  this  backup  supply  of  fluid  to  a  particular 
isolated  system  of  the  aircraft  for  which  this 
backup  system  is  intended. 

15  While  there  are  advantages  to  such  a  system, 
there  is  a  continuing  need  in  aircraft  design  to 
provide  such  systems  in  a  manner  to  provide  an 
overall  balance  of  desirable  characteristics,  such 
as  effectiveness  and  reliability  of  operation, 

20  simplicity  of  design,  keeping  the  overall  weight  of 
the  system  within  reasonable  limits,  compatibility 
with  other  systems  of  the  aircraft,  and  also  con- 
venience  and  ease  of  pilot  operation.  Therefore,  it 
is  an  object  of  the  present  invention  to  provide 

25  such  a  hydraulic  system  with  a  desirable  balance 
of  the  features  noted  above. 

A  general  search  of  the  patent  literature  has 
disclosed  a  number  of  fluid  systems  for  aircraft 
and  other  devices.  While  some  of  these  are 

30  believed  to  have  at  best  marginal  relevance  to  the 
present  invention,  these  are  being  noted  to  insure 
that  there  is  a  full  disclosure  of  all  possibly 
relevant  prior  art  brought  to  the  attention  of  the 
applicant.  These  are  as  follows. 

35  U.S.  1,390,446,  Jerdone  Jr.,  discloses  a  fuel 
reserve  supply  system  where  there  is  a  main  fuel 
tank  and  a  reserve  fuel  tank.  There  is  a  system  by 
which  the  fuel  can  be  moved  from  one  tank  to 
another  in  a  predetermined  manner. 

40  U.S.  2,678,004,  Harris,  shows  a  control  means 
for  liquid  fuel  pumps.  More  particularly,  there  is 
an  isolating  valve  which  becomes  operative  when 
there  is  a  fracture  of  an  associated  pipe. 

U.S.  2,834,182,  Culbertson,  shows  a  control 
45  system  for  the  exhaust  nozzle  of  a  jet  engine.  This 

patent  relates  essentially  to  an  improved  emer- 
gency  control  apparatus  comprising  an  emer- 
gency  electrical  power  circuit. 

U.S.  2,836,230,  Cruckshank,  discloses  an  emer- 
50  gency  fuel  pumping  system,  where  the  dis- 

charges  of  the  main  and  reheat  fuel  boost  pumps 
are  interconnected  with  a  pressure  responsive 
valve  means,  for  selectively  controlling  the  dis- 
charge  from  the  reheat  fuel  boost  pump. 

55  U.S.  2,866,315,  Schakel,  shows  a  hydraulic 
system  for  a  variable  exhaust  nozzle  for  a  jet 
engine.  The  hydraulic  system  moves  the  vanes  of 
the  nozzle  inwardly  or  outwardly  to  vary  the  area 
of  the  nozzle  so  as  to  optimize  the  thrust 

60  developed.  However,  in  the  event  that  there  is  a 
loss  of  pressure  in  the  hydraulic  system,  the  force 
of  the  gaseous  exhaust  would  tend  to  move  the 
vanes  to  a  more  open  position,  which  would 
normally  not  be  the  optimum  position  for  efficient 

65  operation.  The  hydraulic  system  is  arranged  so 
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lat  if  there  is  a  loss  of  pressure,  tne  vanes  are 
jtomatically  locked  in  the  more  constricted 
perating  condition.  Upon  restoration  of  pressure 
»  the  hydraulic  system,  the  locking  mechanism  is 
ecommissioned  so  that  the  vanes  can  again  be 
loved  inwardly  or  outwardly. 
U.S.  2,871,656,  Johnson,  discloses  a  thrust 

jverser  where  the  apparatus  is  controlled  by  a 
smperature  sensitive  control  mechanism. 
U.S.  2,932,164,  Watson,  shows  a  thrust  reverser 

/stem  that  is  "fail-safe",  in  that  it  will  retract  due 
)  the  forces  applied  to  the  blades  of  the  thrust 
sverser  by  the  jet  stream  if  the  reverser  actuating 
lechanism  fails. 
U.S.  2,940,516,  Muraszew,  discloses  an  emer- 

ency  fuel  system  where  the  emergency  control 
nit  is  brought  into  operation  to  bypass  the 
ormal  fuel  controls  and  to  provide  an  adjustable 
irottle  to  control  the  engine  during  an  emer- 
ency. 
U.S.  2,994,193,  Friedmann,  shows  a  thrust 

everserfor  jet  engines  that  has  a  fail-safe  feature, 
i  the  hydraulic  power  system  of  the  aircraft  fails, 
he  rearward  flow  of  the  exhaust  gases  will 
lutomatically  return  the  blockage  flaps  to  the 
lormal  position  to  allow  unopposed  flow  of  the 
ixhaust  gases  outwardly  of  the  exhaust  nozzle. 

U.S.  2,996,881,  Gardiner,  shows  a  thrust 
everser  for  a  jet  engine  having  a  fail-safe  feature 
n  that  if  the  controls  should  fail,  the  thrust 
everser  will  automatically  be  positioned  to  pro- 
ride  full  forward  thrust. 

U.S.  3,050,937,  James  et  al,  shows  another 
hrust  reverser  for  a  jet  engine,  where  in  the  event 
hat  there  is  a  power  failure,  the  thrust  reverser 
jlements  are  driven  toward  their  retracted  or 
orward-thrust  position  by  the  force  of  the  dis- 
:harging  gases. 

U.S.  3,230,706,  Tripp,  is  directed  to  the  problem 
if  leakage  in  the  propellant  system  of  a  space 
/ehicle.  In  the  event  that  there  is  a  large  leak,  all  of 
:he  injector  line  valves  are  closed  and  then  selec- 
:ively  opened,  so  that  the  major  offender  may  be 
detected. 

U.S.  3,273,116,  Quiros  et  al,  illustrates  a  safety 
system  for  hydraulic  brakes  in  automobile 
vehicles.  When  a  leak  is  detected,  it  is  isolated 
From  other  portions  of  the  system  so  that  the 
intact  portions  of  the  system  can  remain  oper- 
ative. 

U.S.  3,722,217,  Reynolds  et  al,  discloses  an 
emergency  hydraulic  power  supply  where  there  is 
a  hot  gas  turbine  driven  from  a  fuel  supply  to 
supply  the  hydraulic  power. 

U.S.  3,939,383,  Aim,  discloses  a  liquid  level 
monitoring  device  to  detect  leakage  from  a  body 
of  liquid. 

U.S.  4,033,115,  Baits,  discloses  an  emergency 
hydraulic  system  where  there  is  a  hot  gas  turbine 
to  drive  a  hydraulic  pump. 

Summary  of  the  invention 
The  invention  relates  to  a  prior-art  hydraulic 

system  in  accordance  with  the  features  of  the 
precharacterizing  part  of  claim  1. 

stated  above  are  overcome  according  to  the 
invention  by  the  features  of  the  characterizing 
part  of  claim  1.  Claims  2  to  11  concern  particular 
embodiments  of  the  invention.  A  similar 
hydraulic  system  for  an  aircraft  has  been  dis- 
closed  in  EP—  A—  0168843. 

In  the  preferred  form,  the  control  means  com- 
prises  magnetic  latch  relay  means  responsive  to 

j  said  low  level  signal  in  a  manner  to  become 
latched  and  cause  the  first  and  second  valves  to 
move  to  their  second  positions. 

In  the  preferred  form,  there  is  air/ground  logic 
means  arranged  to  provide  a  signal  to  indicate  an 

5  airborne  condition  and  to  transmit  an  airborne 
signal.  Then  the  control  means  is  arranged  to 
become  operative  only  when  both  the  low  level 
signal  and  the  airborne  signal  are  present.  Yet 
more  specifically,  there  is  also  a  system  switch 

o  means  having  an  automatic  setting  to  transmit  an 
"auto"  signal.  The  control  means  is  responsive  to 
become  operative  only  in  response  to  a  condition 
where  all  three  of  the  low  level  signal,  airborne 
signal,  and  "auto"  signal  are  present. 

s  Also  in  the  preferred  form,  the  system  switch 
means  has  a  reset  condition,  which  causes  the 
magnetic  latch  relay  means  to  move  the  first  and 
second  valves  to  their  first  positions. 

In  the  preferred  form,  there  is  indicating  means 
io  responsive  to  a  condition  when  the  switch  means 

has  been  moved  to  the  reset  position,  or  the 
pump  means  is  not  delivering  adequate  fluid 
pressure. 

Also  in  the  preferred  form,  there  is  indicating 
!5  means  responsive  to  a  command  signal  being 

transmitted  to  the  pressure  isolation  valve  to 
move  it  to  its  second  position,  and  also  respon- 
sive  to  the  position  of  the  supply  isolation  valve, 
in  a.  manner  to  indicate  when  said  supply  isolation 

to  valve  and  said  pressure  isolation  valve  are  not 
positioned  in  their  commanded  positions.  This 
indicating  means  can  also  be  made  responsive  to 
indicate  a  condition  where  the  pump  means  is  not 
delivering  adequate  pressure  in  response  to  the 

i5  control  means  becoming  operative. 
In  this  specific  embodiment,  there  is  a  thrust 

reverser  power  system,  and  the  second  power 
outlet  means  is  connected  to  the  thrust  reverser 
power  system. 

50  Further,  in  the  preferred  embodiment,  there  is  a 
second  pump  means  which  is  operatively  con- 
nected  to  the  first  and  second  power  outlet 
means.  With  the  supply  isolation  valve  in  its 
second  position,  the  second  pump  means  is 

55  blocked  from  the  second  power  outlet  means. 
Other  features  of  the  present  invention  will 

become  apparent  from  the  following  detailed 
description. 

60  Brief  description  of  the  drawing 
Figures  1a  and  1b  are  schematic  drawings  of  a 

prior  art  hydraulic  system  adapted  for  use  as  one 
of  several  hydraulic  systems  in  present  day  air- 
craft; 

65  Figure  2  is  a  view  of  the  fluid  reservoir  of  the 

o 
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system  of  Figure  1,  this  being  a  view  taken  partly 
in  section,  with  the  section  line  being  through  the 
vertical  centerline  of  the  reservoir;  and 

Figure  3  is  a  block  diagram  illustrating  com- 
ponents  of  the  present  invention  which  are  added 
to  the  system  shown  in  Figure  1. 

Description  of  the  preferred  embodiment 
The  present  invention  is  particularly  designed 

to  be  used  in  conjunction  with  hydraulic  systems 
which  are  presently  in  use  in  many  modern  day 
aircraft.  Accordingly,  it  is  believed  that  a  clearer 
understanding  of  the  present  invention  will  be 
obtained  by  first  examining  the  apparatus  and 
operation  of  such  a  prior  art  hydraulic  system. 

With  reference  to  Figure  1,  there  is  shown 
schematically  a  prior  art  hydraulic  system, 
generally  designated  10,  in  use  in  present  day  jet 
aircraft.  Specifically,  this  particular  prior  art 
hydraulic  system  is  one  of  three  hydraulic 
systems  that  exist  in  the  aircraft,  and  this  particu- 
lar  system  10  is  designed  to  be  powered  from  one 
of  the  two  jet  engines  of  a  commercial  jet  aircraft. 

This  prior  art  system  10  comprises  a  reservoir 
12  that  supplies  the  hydraulic  fluid  for  the  system. 
There  are  two  pumps  that  draw  fluid  from  the 
reservoir  12,  namely  a  main  pump  14  that  has  a 
direct  drive  connection  to  its  related  jet  engine, 
and  a  demand  pump  16.  The  pump  14  is  driven 
continuously  so  long  as  its  related  jet  engine  is 
operating.  The  demand  pump  16  is  not  driven 
directly  from  the  engine  and  is  thus  able  to 
operate  when  the  engine  is  not  running,  and  this 
pump  16  is  used  selectively  to  provide  additional 
pumping  capacity.  A  typical  example  for  use  of 
the  demand  pump  16  would  be  where  several  of 
the  hydraulically  powered  systems  on  the  air- 
plane  ar  eoperating  simultaneously,  and  the 
capacity  of  the  one  pump  14  is  not  sufficient  to 
maintain  adequate  pressure  in  the  hydraulic  lines. 

The  output  from  the  two  pumps  14  and  16  are 
directed  through  hydraulic  lines  18  and  20, 
respectively,  to  supply  hydraulic  fluid  for  several 
of  the  systems  in  the  airplane,  either  as  the 
primary  power  source  or  as  a  backup  power 
source.  In  the  particular  example  shown  herein, 
the  fluid  is  directed  through  the  line  22  to  the 
lateral  control  surfaces  (i.e.  ailerons  and  spoilers). 
Fluid  is  directed  through  line  24  to  the 
empennage  system  (i.e.  the  horizontal  stabilizer, 
elevator  and  rudder).  The  hydraulic  fluid  that 
passes  through  line  26  is  directed  to  the  thrust 
reverser  isolation  valve  assembly,  which  is 
included  within  the  broken  lines  indicated  by 
numeral  28. 

In  a  typical  system  such  as  that  described 
above,  the  hydraulic  system  10  can  be  one  of 
three  separate  hydraulic  systems  for  the  aircraft. 
Typically,  all  three  of  the  systems  would  have  the 
capability  of  supplying  hydraulic  fluid  to  the 
lateral  control  surfaces  and  also  to  the 
empennage  system,  with  this  triple  redundancy 
making  it  highly  unlikely  that  there  would  be  at 
any  one  time  total  lack  of  power  to  these  control 
surfaces.  On  the  other  hand,  in  a  system  such  as 

this,  it  would  be  common  for  only  this  single 
hydraulic  system  10  to  be  used  to  supply  powerto 
its  related  thrust  reverser. 

To  describe  this  prior  art  system  10  of  Figure  1 
5  more  specifically,  the  fluid  reservoir  12  is  typically 

a  rigid  tank  defining  a  chamber  30  of  constant 
volume,  and  it  has  a  top  wall  32,  a  bottom  wall  34, 
and  a  side  wall  36.  The  reservoir  is  shown  in  more 
detail  in  Figure  2,  and  it  can  be  seen  that  there  is  a 

10  standpipe  38  having  an  upper  inlet  opening  40 
positioned  a  moderate  distance  above  the  bottom 
wall  34.  There  is  a  return  port  42  through  which 
fluid  is  returned  to  the  reservoir  12,  a  relief  valve 
44  and  an  air  pressure  port  46.  During  normal 

15  operation,  the  reservoir  12  is  partially  filled  with 
fluid,  and  the  remaining  air  space  in  the  reservoir 
is  pressurized  to  a  predetermined  level  through 
the  port  46. 

Just  below  the  middle  of  the  reservoir  12,  there 
20  is  provided  a  screen  48  which  permits  passaged 

of  fluid  therethrough  at  a  reduced  flow  rate. 
Extending  upwardly  from  the  middle  of  the 
screen  48  is  a  foam  tube  50.  This  enables  any 
foam  which  might  be  present  in  the  fluid  to  flow 

25  upwardly  and  out  of  the  tube  50,  ratherthan  being 
directed  to  the  lower  part  of  the  reservoir  where  it 
would  possibly  flow  outwardly  through  the  stand- 
pipe  38  and  into  the  hydraulic  system.  Support 
struts  are  provided  at  52  to  mount  the  tube  50. 

30  A  fluid  level  signal  transmitter  54  is  mounted  to 
the  bottom  wall  34  and  extends  upwardly  through 
the  reservoir  chamber  30.  This  transmitter  54 
provides  an  electrical  signal  which  indicates  the 
level  of  fluid  in  the  chamber  30,  and  in  Figure  2, 

35  five  such  levels  are  indicated,  namely  "max  full", 
"overfill",  "full",  "refill",  and  "low  level".  Further, 
two  sight  gauges  56  are  provided. 

There  are  two  fluid  outlets  from  the  reservoir 
12,  one  outlet,  indicated  schematically  at  58, 

40  extends  from  the  bottom  of  the  standpipe  38.  A 
second  outlet,  indicated  schematically  at  60 
extends  from  a  lowermost  point  of  the  wall  34. 
Thus,  fluid  is  able  to  flow  into  the  inlet  40  of  the 
standpipe  38  and  thence  through  the  opening  58 

45  only  until  the  fluid  reaches  the  level  of  the 
standpipe  40.  However,  the  opening  60  is  able  to 
receive  substantially  all  of  the  fluid  in  the  reser- 
voir  12,  including  that  which  is  positioned  below 
the  level  of  the  standpipe  level  40. 

so  With  reference  being  made  again  to  Figure  1, 
the  fluid  inlet  58  leads  first  through  a  line  62  to  a 
supply  shutoff  valve  64  that  leads  in  turn  to  the 
fluid  inlet  of  the  main  engine  driven  pump  14. 
This  shutoff  valve  64  could  be  closed,  for 

55  example,  when  there  is  an  engine  fire.  Quick 
disconnect  hoses  and  related  check  valves  (these 
being  typical  in  the  prior  art)  are  indicated  at  66  at 
both  the  inlet  and  the  outlet  of  the  pump  14.  It  will 
be  noted  that  there  are  other  such  check  valves 

60  and  quick  disconnect  hoses  at  other  locations  in 
the  schematic  drawing  of  Figure  1,  but  for  ease  of 
description  these  will  not  be  discussed  nor  given 
numerical  designations. 

The  standpipe  outlet  58  also  leads  through  line 
65  70  to  the  inlet  side  of  a  supply  isolation  valve  72, 

4 
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he  outlet  side  of  this  valve  72  connecting  to  a  line 
'4  that  leads  to  the  inlet  side  of  the  pump  16.  The 
econd  reservoir  outlet  60  leads  through  a  line  76 
o  the  inlet  side  of  the  supply  isolation  valve  72. 
Vith  the  valve  72  in  the  position  shown  in  Figure 
,  flow  through  the  line  76  is  blocked,  while  fluid 
:an  be  supplied  from  the  standpipe  outlet  58  to 
he  pump  16.  When  the  valve  72  is  moved  to  its 
lecond  position,  the  standpipe  outlet  58  is  iso- 
ated  from  the  pump  16,  but  fluid  can  flow 
hrough  the  reservoir  outlet  60  through  the  valve 
'2  to  the  pump  16.  Also,  there  is  shown  in  Figure 

a  drain  valve  78  connected  to  the  second 
eservoir  outlet  60. 

To  turn  our  attention  now  to  the  operation  of 
he  pump  14,  as  indicated  previously,  the  pump 
14  delivers  its  fluid  through  the  line  18  to  provide 
jower  to  other  systems  in  the  airplane.  In  addi- 
ion,  there  is  secondary  case  drain  fluid  flow  from 
he  pump  case  through  a  line  80.  The  flow 
hrough  lines  18  and  80  passes  through  a  filter 
nodule/pressure  and  case  drain  component,  indi- 
:ated  generally  at  82.  The  flow  in  the  line  18 
lasses  through  the  component  82  and  then  flows 
hrough  the  appropriate  line  or  lines  22,  24  and  26 
:o  supply  power  to  the  other  airplane  systems 
this  having  been  described  previously  herein), 
rhe  flow  through  the  line  80  that  passes  through 
:he  component  82  then  passes  through  a  heat 
sxchanger  84,  and  thence  back  through  a  main 
•eturn  line  86  which  in  turn  connects  through  a 
filter  87  to  the  return  port  42  in  the  reservoir  12. 

The  second  pump  16  also  has  a  case  drain  fluid 
Flow  line  (designated  80a),  and  a  filter  module/ 
pressure  and  case  drain  component  (designated 
32a).  The  line  80a  from  the  pump  16  also  leads  to 
the  heat  exchanger  84,  with  the  flow  from  the  heat 
sxchanger  84  returning  to  the  reservoir  12 
through  the  return  line  86. 

There  is  a  pressure  isolation  valve  88  posi- 
tioned  between  the  line  18  (which  leads  from  the 
pump  14)  and  the  line  26.  Further,  this  valve  88  is 
positioned  between  the  line  20  (which  leads  from 
the  pump  16)  and  the  line  18.  Thus,  with  the  valve 
88  in  the  open  position,  as  shown  in  Figure  1,  the 
pump  14  communicates  through  the  line  18  to  not 
only  the  outlets  22  and  24,  but  also  to  the  outlet 
line  26.  However,  with  the  valve  88  closed,  flow 
from  the  pump  14  through  the  line  18  is  isolated 
from  the  line  26.  In  like  manner,  with  the  valve  88 
in  the  open  position  of  Figure  1,  the  pump  16 
communicates  through  line  20  with  all  three 
outlets  22,  24  and  26.  However,  with  the  valve  88 
in  the  closed  position,  the  pump  16  com- 
municates  through  line  20  only  to  the  line  26,  but 
is  isolated  from  the  lines  22  and  24. 

To  describe  the  operation  of  the  prior  art 
hydraulic  system  10  of  Figure  1,  when  the  related 
engine  of  the  aircraft  begins  to  operate,  since  the 
pump  14  is  driven  directly  from  that  engine,  the 
pump  14  beings  to  operate  and  continues  to 
operate  as  long  as  the  engine  is  turning.  For  most 
operating  modes,  the  pump  14  is  able  to  supply 
the  hydraulic  lower  requirements,  and  the  pump 
14  draws  fluid  from  the  reservoir  12  through  the 

opening  4U,  stanapipe  d»  ana  line  o<c.  me  tiuiu 
delivered  to  the  other  system  or  systems  of  the 
airplane  is  returned  to  the  reservoir  through  the 
return  lines  86.  In  the  event  that  the  power 

5  requirements  imposed  on  the  system  10  exceed 
what  the  pump  14  is  able  to  deliver,  the  pump  16 
begins  to  operate  to  supply  the  additional 
hydraulic  fluid. 

During  this  normal  mode  of  operation,  the 
o  supply  isolation  valve  72  is  in  the  position  shown 

in  Figure  1  so  that  both  the  pump  14  and  the 
pump  16  draw  in  hydraulic  fluid  only  from  the 
standpipe  inlet  40.  Also,  during  this  normal  mode 
of  operation,  the  pressure  isolation  valve  88 

5  remains  in  the  open  position  as  shown  in  Figure 
1. 

However,  let  it  be  assumed  that  a  leak  develops 
in  the  hydraulic  system  10,  and  let  it  further  be 
assumed  that  this  leak  occurs  downstream  of  the 

>o  pump  14  in  the  lines  18,  22  or  24,  or  possibly  in 
the  systems  served  by  those  lines.  As  fluid  is  lost, 
the  flow  of  fluid  back  to  the  reservoir  1  2  decreases 
relative  to  the  outflow,  and  the  fluid  level  in  the 
reservoir  12  becomes  lower.  When  the  fluid  level 

?5  reaches  the  "low  level"  stage,  the  signal  transmit- 
ter  54  will  provide  a  signal  which  in  turn  will 
activate  an  amber  "QTY"  light  96  to  indicate  to 
the  pilot  that  the  fluid  in  the  system  10  is  low.  At 
this  point,  depending  upon  a  number  of  circum- 

?o  stances,  the  pilot  may  or  may  not  decide  to  shut 
down  the  hydraulic  system  10.  In  many  instances, 
the  pilot  would  not  immediately  shut  down  the 
hydraulic  system  10. 

As  the  fluid  level  continues  to  drop  in  the 
35  reservoir  10,  it  would  eventually  reach  the  level  of 

the  inlet  40  of  the  standpipe  38.  At  this  time,  the 
pump  14  would  lose  its  supply  of  fluid,  and  the 
pressure  output  from  the  pump  14  would  drop. 
This  in  turn  would  activate  a  pressure  gauge 

40  switch,  such  as  that  shown  at  90  in  Figure  1, 
which  in  turn  would  signal  the  pilot  that  pressure 
has  dropped  in  the  system  10.  At  this  point,  the 
pilot  will  normally  turn  the  control  for  the  pump 
16  from  the  "auto"  to  the  "on"  position  to  see  if 

45  pressure  is  restored.  If  pressure  is  not  restored, 
then  the  pilot  would  shut  down  the  system  10  by 
turning  the  pumps  14  and  16  to  their  respective 
"off"  positions.  By  placing  the  pump  14  in  its 
"off"  position,  it  can  continue  to  rotate  but  not 

so  delver  any  fluid.  Upon  shut  down  of  the  system 
10,  it  is  assumed  that  one  or  more  of  the  other 
hydraulic  systems  are  operating  so  that  there  is 
adequate  hydraulic  power  delivered  to  the  control 
surfaces  which  would  otherwise  be  served  by  the 

55  lines  22  and  24. 
When  the  system  10  is  so  shut  off,  there  is 

still  a  supply  of  fluid  in  the  reservoir  12,  this  being 
the  fluid  which  is  above  the  floor  34  of  the 
reservoir  12  and  below  the  level  of  the  standpipe 

60  40. 
Let  it  now  be  assumed  that  the  airplane  makes  a 

landing  and  it  is  desired  to  operate  the  thrust 
reverser  that  is  served  by  the  system  10.  To 
accomplish  this,  the  pressure  and  supply  isolation 

65  valves  88  and  72  would  be  moved  from  the 
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position  shown  in  Figure  1  so  that  fluid  is 
delivered  from  the  second  lower  reservoir  outlet 
60  into  the  line  74  to  the  pump  16.  With  the 
pressure  isolation  valve  88  being  closed,  the 
pump  16  would  deliver  this  hydraulic  fluid  only 
through  the  line  26  and  through  the  thrust 
reverser  isolation  valve  assembly  28  to  the  thrust 
reverser  to  operate  the  same.  Return  fluid  would 
be  delivered  back  to  the  reservoir  12  through  the 
line  86.  Thus,  it  can  be  appreciated  that  even 
though  the  thrust  reverser  is  served  only  by  the 
system  10,  and  even  though  there  is  a  failure  in 
one  part  of  the  system  10  (i.e.  that  part  that  has 
been  isolated  from  the  thrust  reverser),  it  is  still 
possible  to  use  the  reserve  supply  of  fluid  in  the 
reservoir  12  to  operate  the  thrust  reverser  served 
by  the  system  10.  Even  though  the  system 
described  above  is  an  overall  effective  means  of 
accomplishing  these  various  functions,  there  has 
been  continuing  effort  to  improve  various  aspects 
of  the  system.  This  leads  us  to  a  description  of  the 
present  invention. 

To  describe  the  apparatus  of  the  present  inven- 
tion,  reference  is  now  made  to  Figure  3,  which 
shows  certain  components  of  the  present  inven- 
tion  that  are  incorporated  in  the  system  shown  in 
Figure  1. 

In  describing  the  various  components  illus- 
trated  in  Figure  3,  there  will  first  be  a  brief 
recitation  of  those  components  which  normally 
would  already  exist  in  the  airplane,  some  of  which 
have  already  been  described  above.  With  regard 
to  the  components  which  have  already  been 
described,  there  is  the  hydraulic  reservoir  12,  the 
demand  pump  16,  the  pressure  isolation  valve  88, 
and  the  supply  isolation  valve  72. 

In  addition,  there  is  a  hydraulic  quantity 
monitor  91  that  receives  a  signal  from  the  fluid 
level  signal  transmitter  54.  There  is  an  EICAS  (i.e. 
engine  indicating  and  crew  alerting  system)  com- 
puter  92  which  operates  an  EICAS  advisory  upper 
display  94.  The  EICAS  computer  92  obtains  inputs 
from  a  variety  of  sources  in  the  airplane,  pro- 
cesses  these  through  the  computer  to  derive 
certain  information,  and  then  displays  this  infor- 
mation  on  the  display  screen  94.  The  display 
screen  94  is  commonly  a  CRT  screen  positioned 
on  the  pilot's  main  instrument  panel. 

There  is  a  quantity  light  96  which  indicates  that 
the  fluid  in  the  reservoir  12  has  reached  the 
caution  level,  which  is  indicated  in  Figure  2.  There 
is  also  a  pressure  light  98  which  indicates  when 
the  demand  pump  16  is  operating  and  is  not 
developing  adequate  hydraulic  pressure  at  its 
outlet.  Also,  there  .is  an  ELCU  component  100 
which  is  essentially  a  circuit  breaker  operatively 
connected  to  the  demand  pump  16. 

Thera  is  an  air/ground  logic  system  represented 
by  component  102.  This  is  used  to  indicate 
whether  or  not  the  airplane  is  in  flight  or  on  the 
ground,  and  is  used  to  provide  inputs  to  various 
systems  in  the  airplane.  Quite  commonly,  this 
component  102  is  made  responsive  to  a  signal 
transmitter  in  the  landing  gear  that  indicates 
whether  or  not  there  is  ground  contact.  A  demand 

pump  control  switch  104  is  also  provided,  and  this 
in  turn  leads  to  a  demand  control  pump  "on"/ 
"auto  logic"  component  106.  The  "on"  condition 
causes  the  demand  pump  16  to  operate.  The 

5  "auto  logic"  condition  causes  selective  operation 
of  the  demand  pump  16,  depending  upon  the 
inputs  to  the  "auto  logic"  and  how  these  are 
processed. 

It  is  to  be  understood  that  the  components 
10  described  above  exist  in  and  of  themselves  in  the 

prior  art.  However,  the  manner  in  which  these 
various  components  are  utilized  in  conjunction 
with  the  components  added  in  the  present  inven- 
tion  is  believed  to  be  new  and  provide  a  combina- 

15  tion  of  elements  which  results  in  the  unique 
functions  of  the  present  invention. 

To  proceed  now  to  a  description  of  those 
components  which  have  been  added  particularly 
for  use  in  the  present  invention,  there  is  first  a  test 

20  switch  108  which  provides  a  simulated  low  fluid 
input  signal  to  an  OR  gate  110,  the  other  input 
terminal  of  which  is  connected  through  a  time 
delay  111  to  the  output  of  the  hydraulic  quantity 
monitor  91.  The  output  of  the  OR  gate  110  is 

25  directed  to  the  quantity  light  96,  and  also  to  one  of 
three  input  terminals  of  an  AND  gate  112. 

There  are  two  other  inputs  to  the  AND  gate  112. 
One  of  these  inputs  is  from  the  air/ground  logic 
component  102,  which  gives  a  signal  to  the  AND 

30  gate  112  when  the  airplane  is  airborne.  The  third 
input  to  the  AND  gate  112  is  from  the  "auto" 
output  from  an  alternative  thrust  reverser  control 
switch  114.  Thus,  when  three  conditions  occur 
simultaneously,  the  AND  gate  delivers  an  output 

35  signal,  these  three  conditions  being  the  follow- 
ing: 

a)  The  hydraulic  quality  monitor  54  gives  a  low 
fluid  level  output  signal; 

b)  The  air/ground  logic  component  102  indi- 
40  cates  that  the  airplane  is  airborne; 

c)  The  alternative  thrust  reverser  control  switch 
114  is  in  its  "auto"  position. 

The  output  from  the  AND  gate  112  activates  a 
magnetic  latch  relay  1  16  to  cause  this  relay  1  1  6  to 

45  move  from  its  normal  position  to  its  "isolating" 
position  where  it  sends  a  signal  to  the  pressure 
isolation  valve  88.  In  the  following  description, 
the  relay  1  1  6  will  be  considered  as  "open"  when  it 
is  in  its  normal  position  and  as  "closed"  when  it 

so  has  moved  to  the  position  to  move  the  valve  88  to 
its  closed  or  isolated  position.  This  rleay  116 
remains  closed  until  the  alternative  thrust 
reverser  control  switch  114  is  moved  down  to  its 
"off/reset"  position,  which  then  positively  moves 

55  the  relay  116  against  the  urging  of  its  magnetic 
element  to  the  open  position. 

When  the  relay  116  closes,  it  first  moves  the 
pressure  isolation  valve  88  to  its  closed  position 
to  isolate  the  pump  16  from  the  hydraulic  lines  18, 

60  22  and  24.  As  soon  as  the  valve  88  closes,  it 
transmits  a  signal  to  the  supply  isolation  valve  72 
to  cause  that  valve  72  to  move  to  its  second 
position  where  the  line  74  leading  to  the  pump  1  6 
connects  to  the  line  76  leading  from  the  second 

65  reservoir  outlet  60.  When  the  movement  of  the 

6 
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upply  isolation  valve  72  to  its  second  position  is 
ompleted,  it  transmits  a  signal  to  three  locations, 
irst,  it  transmits  an  inverted  signal  to  an  AND 
ate  118,  a  direct  signal  to  an  OR  gate  120,  and 
Iso  a  direct  signal  to  a  second  OR  gate  122.  The 
Iher  input  terminal  of  the  OR  gate  120  connects 
3  the  output  from  the  demand  pump  "on'V'auto 
jgic"  component  106.  The  output  of  the  OR  gate 
20  goes  to  the  ELCU  component  100,  which  in 
urn  causes  the  demand  pump  16  to  operate. 
With  regard  to  the  OR  gate  122,  its  other  input 

erminal  connects  to  the  output  of  the  pressure 
solation  valve  88.  Thus,  when  either  of  the  valves 
!8  or  72  move  to  their  second  positions  (i.e.  the 
lositions  not  shown  in  Figure  1),  or  when  both  of 
he  valves  88  and  72  have  moved  to  their  second 
lositions,  the  OR  gate  122  produces  an  output 
:ignal  which  is  directed  to  the  isolation  light  124. 
"his  isolation  light  124  is  visible  to  the  pilot  and 
ndicates  to  the  pilot  that  the  pump  16  is  in  the 
irocess  of  being  isolated  from  the  lines  18,  22, 
ind  24,  or  already  has  been  isolated  from  such 
ines. 

The  function  of  the  AND  gate  118  is  to  sense  a 
:ondition  when  either  of  the  valves  88  or  72  has 
lot  moved  to  its  respective  commanded  position. 
[Tie  output  from  the  AND  gate  1  18  is  one  of  three 
nputs  to  an  OR  gate  1  26.  A  second  input  from  the 
DR  gate  126  is  from  the  pressure  light  98  from  the 
jump  16,  and  a  third  input  to  the  OR  gate  126  is 
rom  the  "off/reset"  position  of  the  alternative 
tirust  reverser  control  switch  114.  The  output  of 
tie  OR  gate  126  goes  to  the  EICAS  computer  92, 
and  also  to  an  "INOP"  light  128. 

Thus,  the  INOP  light  128  signals  any  one  of 
:hree  conditions  which  would  be  present  when 
:he  isolation  function  of  the  present  invention  is 
lot  fully  operative.  These  three  conditions  are  the 
following: 

a)  The  alternative  thrust  reverser  control  switch 
114  is  not  in  the  auto  position; 

b)  Either  of  the  isolation  valves  88  and  72  is  not 
in  their  respective  commanded  positions; 

c)  The  demand  pump  16  has  been  commanded 
to  come  on,  but  is  not  delivering  adequate 
pressure  to  cause  the  isolation  backup  system  to 
operate. 

To  review  the  overall  operation  of  the  present 
invention,  let  us  assume  that  the  pilot  is  about  to 
begin  operation  of  the  airplane.  Normally,  the 
alternative  thrust  reverser  control  switch  114 
would  be  placed  in  its  "auto"  position.  If  the 
magnetic  latch  relay  116  is  for  some  reason  in  its 
closed  position,  the  pilot  may  temporarily  move 
the  switch  114  to  its  "off/reset"  position  to  move 
the  relay  116  to  its  open  position,  but  then  the 
switch  114  would  be  returned  to  its  "auto"  posi- 
tion.  If  the  switch  114  is  not  in  its  auto  position, 
this  would  transmit  a  signal  to  the  OR  gate  126 
which  would  in  turn  activate  the  IMOP  light  128. 
Also,  prior  to  beginning  operation  of  the  airplane, 
the  pilot  would  normally  move  the  demand  pump 
control  switch  104  to  the  "auto"  position. 

Let  it  now  be  assumed  that  the  airplane  is 
airborne  and  that  a  hydraulic  leak  develops  in  the 

system  10.  Let  it  further  be  assumea  tnattnis  ieaK 
develops  in  a  portion  of  the  system  10  which  can 
be  isolated  from  the  pump  16  by  movement  of  the 
valves  88  and  72  to  their  second  positions  (i.e.  the 

i  positions  not  shown  in  Figure  1).  As  indicated 
previously,  the  leak  will  cause  the  fluid  level  in  the 
reservoir  12  to  drop,  which  in  turn  will  eventually 
activate  the  hydraulic  quantity  monitor  91  .  A  short 
time  delay  between  monitor  54  and  OR  gate  110 

o  acts  to  prevent  a  false  "low  level"  signal.  A  true 
"low  level"  however  sends  an  immediate  output 
signal  to  the  EICAS  computer  92  and,  after  .3 
seconds  in  this  specific  case  due  to  the  time  delay 
111,  to  the  OR  gate  110.  The  output  from  the  OR 

5  gate  110  goes  to  both  the  quantity  light  96  to  give 
a  visible  indication  to  the  pilot  that  the  fluid  has 
reached  a  predetermined  low  level,  and  also  an 
output  to  one  of  the  three  input  terminals  to  the 
AND  gate  112. 

•o  Since  the  air/ground  logic  component  102  is 
already  sending  a  signal  to  the  AND  gate  1  12  that 
the  airplane  is  airborne,  and  since  the  alternative 
thrust  reverser  control  switch  1  14  is  already  in  the 
"auto"  position  and  thus  sending  a  signal  to  the 

■5  AND  gate  112,  the  additional  input  from  the 
hydraulic  quantity  monitor  91  causes  the  AND 
gate  112  to  produce  an  output  signal  which 
causes  the  latch  1  16  to  close.  As  soon  as  the  relay 
116  closes,  it  causes  three  things  to  happen  in 

w  sequence,  namely: 
a)  First,  the  pressure  isolation  valve  88  moves 

to  its  closed  position; 
b)  Second,  upon  closure  of  the  valve  88,  a 

signal  is  transmitted  to  the  supply  isolation  valve 
?5  72  to  move  to  its  second  position; 

c)  Third,  as  soon  as  the  valve  72  completes 
movement  to  its  second  position,  it  transmits  a 
signal  through  the  OR  gate  120  and  through  the 
ELCU  component  100  to  cause  the  demand  pump 

to  16  to  begin  operation. 
The  reason  for  turning  on  the  demand  pump  16 

at  this  time  is  to  prevent  the  pump  1  6  from  being 
drained  of  its  fluid.  In  this  particular  system,  the 
pump  16  is  at  a  level  where  it  would  be  above  the 

45  fluid  level  in  the  reservoir  12  when  fluid  in  the 
reservoir  12  is  at  a  low  level. 

In  addition  to  causing  the  three  sequential 
operations  noted  above,  there  are  certain  signals 
that  are  transmitted  to  the  signal  components. 

50  First,  during  the  brief  interval  where  the  signal  is 
transmitted  from  the  relay  116  to  the  pressure 
isolation  valve  88,  but  there  is  not  yet  an  output 
signal  upon  movement  of  the  supply  isolation 
valve  72,  the  AND  gate  118  will  produce  a  brief 

55  signal  which  is  transmitted  to  both  the  EICAS 
computer  92  and  to  the  INOP  light  128.  This  brief 
flash  of  the  INOP  light  128  would  indicate  to  the 
pilot  that  the  valves  88  and  72  are  in  the  process 
of  moving  to  their  isolating  positions.  (If  either 

60  valve  88  or  72  does  not  fully  close,  or  if  the 
demand  pump  16  does  not  provide  adequate 
system  pressure,  the  "INOP"  light  128  will  remain 
on).  Also,  a  signal  would  be  passed  to  the  OR  gate 
122  to  activate  the  isolation  light  124. 

65  To  continue  with  the  description  of  the  oper- 

/ 
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ation  of  the  present  invention,  let  it  be  assumed 
that  upon  completion  of  the  steps  noted  above, 
the  leak  in  the  hydraulic  system  continues  to 
cause  fluid  to  be  lost  from  the  system  so  that  the 
fluid  level  in  the  reservoir  12  continues  to  drop. 
This  fluid  loss  will  continue  until  the  liquid  level 
reaches  the  level  of  the  inlet  40  of  the  standpipe 
38,  after  which  no  more  fluid  will  be  delivered  to 
the  pump  14,  causing  the  pump  14to  run  dry.  This 
would  cause  a  low  pressure  signal  light  for  the 
pump  14  to  be  activated,  and  the  pilot,  upon 
observing  the  low  pressure  light  being  activated, 
would  likely  shut  down  the  pump  14.  Even  if  the 
pilot  would  inadvertently  attempt  to  shut  down 
the  pump  16,  the  system  of  the  present  invention 
would  cause  the  pump  16  to  continue  to  operate. 
However,  on  the  assumption  that  the  movement 
of  the  valves  72  and  88  to  their  isolating  position 
had  previously  isolated  the  pump  16  from  the 
leak,  the  pump  16  and  also  the  lines  74,  20  and  26 
would  still  be  filled  with  hydraulic  fluid.  Thus,  one 
of  the  significant  advantages  of  the  present  inven- 
tion  now  becomes  apparent.  Not  only  is  there  a 
reserve  supply  of  hydraulic  fluid  existing  in  the 
reservoir  12  (this  being  the  fluid  that  is  located  in 
the  chamber  30  below  the  inlet  40  of  the  stand- 
pipe  38),  but  there  is  the  additional  fluid  which 
remains  in  the  pump  16  and  the  associated  lines 
which  have  been  isolated  earlier  from  the 
remainder  of  the  system  10  that  is  subjected  to 
the  leak. 

To  further  continue  the  description  of  the  oper- 
ation  of  the  present  invention,  let  it  now  be 
assumed  that  the  airplane  is  making  a  landing, 
and  the  pilot  activates  the  thrust  reverser  that  is 
associated  with  this  hydraulic  system  10.  The 
pump  16  delivers  the  hydraulic  fluid  through  the 
thrust  reverser  valve  assembly  28  to  cause  oper- 
ation  of  the  thrust  reverser,  and  there  is  return 
flow  through  the  line  86.  Upon  completion  of  the 
flight,  the  associated  thrust  reverser  can  be 
moved  to  its  inoperative  position. 

With  regard  to  the  significant  features  of  the 
present  invention,  it  should  be  noted  that  the 
system  is  completely  automatic,  in  that  it  requires 
no  pilot  interaction  to  have  this  capability  to 
provide  normal  thrust  reverser  operation.  Also, 
with  the  physical  location  of  the  pump  16  being 
such  that  it  could  drain  back  to  the  reservoir  12 
when  the  fluid  level  in  the  reservoir  is  low,  this 
system,  by  turning  on  the  pump  16  as  disclosed 
above,  prevents  the  loss  of  fluid  in  the  pump  16. 

Further,  the  present  system  operates  the  valves 
88  and  72  at  a  sufficiently  early  time,  relative  to 
monitoring  fluid  level  in  the  reservoir  12,  that 
adequate  fluid  is  maintained  in  the  system.  Over- 
all,  the  system  relieves  the  pilot  of  the  respon- 
sibility  of  isolating  the  pump  16  in  a  timely 
manner  and  thus  prevents  loss  of  pump  case  fluid 
which  would  otherwise  be  caused  by  continuous 
running  of  the  pump  following  a  system  failure. 

It  is  to  be  understood  that  various  changes 
could  be  made  to  the  present  invention  without 
departing  from  the  basic  teachings  thereof.  While 
the  present  invention  has  been  directed  to  an 

isolation  system  for  the  thrust  reverser,  it  is  to  be 
understood  that  within  the  broader  aspects  of  the 
present  invention  it  could  be  used  as  a  backup 
device  for  other  components  or  systems  of  the 

5  airplane. 

Claims 

1.  A  hydraulic  system  (10)  for  an  aircraft,  said 
10  system  comprising: 

a.  a  fluid  reservoir  (12)  comprising  a  containing 
structure  defining  a  fluid  containing  chamber  (30) 
and  having  a  top  wall  (32)  and  a  bottom  wall  (34), 
said  reservoir  (12)  further  comprising  a  first  reser- 

15  voir  outlet  means  (38)  having  a  first  fluid  system 
inlet  opening  (40)  located  at  a  position  spaced 
above  said  bottom  wall  (34)  and  below  said  top 
wall  (32),  said  chamber  (30)  having  an  upper 
chamber  portion  located  above  said  first  inlet 

20  opening  (40)  and  a  lower  chamber  portion  located 
below  said  first  inlet  opening,  a  second  reservoir 
outlet  means  (60)  having  a  second  fluid  system 
inlet  opening  located  below  said  first  inlet  open- 
ing  (40)  at  an  inlet  location  at  a  lower  part  of  said 

25  lower  chamber  portion; 
b.  a  first  hydraulic  power  outlet  means  (22,  24); 
c.  a  second  hydraulic  power  outlet  means  (26); 
d.  a  demand  pump  means  (16)  to  draw  fluid 

from  the  reservoir  (12)  and  to  deliver  fluid  to  the 
30  first  and  second  power  outlet  means; 

e.  a  supply  isolation  valve  (72)  having  a  first 
position  and  a  second  position,  and  being  oper- 
atively  connected  to  the  first  and  second  reservoir 
outlet  means  (38,  60)  and  to  the  pump  means  (16), 

35  said  supply  isolation  valve  in  its  first  position 
delivering  fluid  from  said  first  reservoir  outlet 
means  (38)  to  the  pump  means  (16),  said  supply 
isolation  valve  in  its  second  position  delivering 
fluid  from  the  second  outlet  means  (60)  to  the 

40  pump  means  (16); 
f.  a  pressure  isolation  valve  (88)  operatively 

connected  to  the  pump  means  (16)  and  having  a 
first  position  and  a  second  position,  said  pressure 
isolation  valve  in  its  first  position  permitting  flow 

45  from  the  pump  means  (16)  to  the  first  power 
outlet  means  (22,  24)  and  in  its  second  position 
blocking  flow  from  the  pump  means  (16)  to  the 
first  power  outlet  means  (22,  24)  while  permitting 
flow  from  the  pump  means  (16)  to  the  second 

so  power  outlet  means  (26); 
g.  fluid  level  monitoring  means  (54)  to  detect 

when  fluid  level  in  said  chamber  (30)  is  at  or 
below  a  predetermined  caution  level  and  to  pro- 
duce  a  corresponding  low  level  signal; 

55  h.  control  means  to  move  said  supply  isolation 
valve  and  pressure  isolation  valve  to  their  second 
positions,  and  to  cause  said  pump  means  (16)  to 
operate,  characterized  in  that  said  pump  means 
are  arranged  so  that  with  a  low  level  fluid  condi- 

60  tion  in  said  reservoir  (12)  and  with  said  pump  (16) 
not  operating,  fluid  would  flow  from  said  pump 
means  to  said  reservoir  and  in  that  said  control 
means  become  operative  in  response  to  said  low 
level  signal  to  move  said  supply  isolation  valve 

65  and  pressure  isolation  valve  to  their  second  posi- 
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ons  and  to  cause  said  pump  means  (16)  to 
perate; 
whereby  in  the  event  of  fluid  loss  in  the  system, 

aid  pressure  isolation  valve  (88)  in  its  second 
iosition  is  able  to  alleviate  loss  of  fluid  for  said 
iump  means  (16),  and  said  supply  isolation  valve 
72)  in  its  second  position  is  able  to  direct  fluid 
rom  said  lower  chamber  portion  to  said  pump 
neans,  with  operation  of  said  pump  means  (16) 
ireventing  loss  of  fluid  from  said  pump  means. 

2.  The  system  according  to  claim  1,  charac- 
erized  in  that  said  control  means  comprises 
nagnetic  latch  relay  means  (116)  responsive  to 
iaid  low  level  signal  in  a  manner  to  become 
atched  and  cause  said  supply  and  pressure  isola- 
ion  valves  (72,  88)  to  move  to  their  second 
iosition. 

3.  The  system  according  to  claim  2,  charac- 
erized  in  that  there  is  air/ground  logic  means 
102)  arranged  to  provide  a  signal  to  indicate  an 
lirborne  condition  and  to  transmit  an  airborne 
signal,  said  control  means  being  arranged  to 
)ecome  operative  only  when  both  said  low  level 
signal  and  said  airborne  signal  are  present. 

4.  The  system  according  to  claim  3,  charac- 
erized  in  that  there  is  a  system  switch  means 
114)  having  an  automatic  setting  to  transmit  an 
'auto"  signal,  said  control  means  being  respon- 
sive  to  become  operative  only  in  response  to  a 
:ondition  where  all  three  of  said  low  level  signal, 
airborne  signal,  and  "auto"  signal  are  present. 

5.  The  system  according  to  claim  4,  charac- 
:erized  in  that  said  control  means  comprises  a 
magnetic  latch  relay  means  (116)  responsive  to 
said  low  level  signal,  and  said  system  switch 
neans  (114)  also  has  a  reset  condition,  which 
:auses  the  magnetic  latch  relay  means  (116)  to 
■nove  the  supply  and  pressure  isolation  valves 
[72,  88)  to  their  first  positions. 

6.  The  system  according  to  claim  5,  charac- 
terized  in  that  there  is  indicating  means  (128) 
responsive  to  a  condition  where  said  switch 
means  (114)  has  been  moved  to  the  reset  posi- 
tion,  or  the  pump  means  (16)  is  not  delivering 
adequate  fluid  pressure. 

7.  The  system  according  to  one  of  the  preceding 
claims,  characterized  in  that  there  is  indicating 
means  (128)  responsive  to  a  command  signal 
being  transmitted  to  said  pressure  isolation  valve 
(88)  to  move  it  to  its  second  position,  and  also 
responsive  to  the  position  of  said  supply  isolation 
valve  (72),  in  a  manner  to  indicate  when  said 
supply  isolation  valve  and  said  pressure  isolation 
valves  are  not  positioned  in  their  commanded 
position. 

8.  The  system  according  to  claim  7,  charac- 
terized  in  that  said  indicating  means  (128)  is  also 
responsive  to  operation  of  said  pump  means  (16), 
to  indicate  a  condition  where  said  pump  means  is 
not  delivering  adequate  fluid  pressure  in 
response  to  said  control  means  becoming  oper- 
ative. 

9.  The  system  according  to  one  of  the  preceding 
claims,  characterized  in  that  there  is  a  thrust 
reverser  power  system  (28),  and  said  second 

power  outlet  means  udi  is  connecieu  iu  saiu 
thrust  reverser  power  system  (28). 

10.  The  system  according  to  claim  7,  charac- 
terized  in  that  said  control  means  comprises 

?  magnetic  latch  relay  means  (116)  responsive  to 
the  low  level  signal,  said  airborne  signal  and  said 
"auto"  signal  in  a  manner  to  become  latched  and 
cause  said  supply  and  pressure  isolation  valves  to 
move  to  their  second  positions. 

o  1  1  .  The  system  according  to  one  of  the  preced- 
ing  claims,  characterized  in  that  second  pump 
means  (14)  are  provided  to  draw  fluid  from  the 
reservoir  (12)  and  to  deliver  fluid  to  the  first  and 
second  power  outlet  means  (22,  24,  26),  said 

5  pressure  isolation  valve  (88)  in  its  first  position 
permitting  flow  from  each  of  the  first  (16)  and 
second  (14)  pump  means  to  the  first  and  second 
power  outlet  means  (22,  24,  26)  and  in  its  second 
position  additionally  blocking  flow  from  the 

o  second  pump  means  (14)  to  the  second  power 
outlet  means  (26),  said  supply  isolation  valve  (72) 
in  its  second  position  is  able  to  additionally  direct 
fluid  from  said  lower  chamber  portion  to  said 
second  power  outlet  means  (26). 

!5 
Patentanspriiche 

1.  Hydrauliksystem  (10)  fur  ein  Flugzeug,  wobei 
dieses  System  folgendes  umfaBt: 

w  a.  ein  Fluidreservoir  (12),  das  eine  enthaltende 
Struktur  umfaBt,  die  eine  fluidenthaltende  Kam- 
mer  (30)  bildet  und  eine  obere  Wand  (32)  sowie 
eine  Bodenwand  (34)  hat,  wobei  das  Reservoir 
(12)  weiter  eine  erste  ReservoirauslaBeinrichtung 

15  (38)  umfaBt,  die  eine  erste  FluidsystemeinlaBoff- 
nung  (40)  hat,  welche  sich  in  einer  Position  im 
Abstand  oberhalb  der  Bodenwand  (34)  und  unter- 
halb  der  oberen  Wand  (32)  befindet,  wobei  die 
Kammer  (30)  einen  oberen  Kammerteil  hat,  der 

io  sich  oberhalb  der  ersten  EinlaBoffnung  (40)  befin- 
det,  und  einen  unteren  Kammerteil,  der  sich 
unterhalb  der  ersten  EinlaBoffnung  befindet,  eine 
zweite  ReservoirauslaBeinrichtung  (60),  die  eine 
zweite  FluidsystemeinlaBoffnung  hat,  welche  sich 

is  unterhalb  der  ersten  EinlaBoffnung  (40)  an  einem 
EinlaBort  in  einem  unteren  Teil  des  unteren  Kam- 
merteils  befindet; 

b.  eine  erste  hydraulische  Leistungsausgangs- 
einrichtung  (22,  24); 

50  c.  eine  zweite  hydraulische  Leistungsausgangs- 
einrichtung  (26); 

d.  eine  Bedarfspumpeneinrichtung  (16)  zum 
Abziehen  von  Fluid  aus  dem  Reservoir  (12)  und 
zum  Abgeben  von  Fluid  an  die  erste  und  zweite 

55  Leistungsausgangseinrichtung; 
e.  ein  Zufuhrungsisolationsventil  (72),  das  eine 

erste  Position  und  eine  zweite  Position  hat  und 
betriebsmaBig  mit  der  ersten  und  zweiten  Reser- 
voirauslaBeinrichtung  (38,  60)  und  mit  der  Pum- 

60  peneinrichtung  (16)  verbunden  ist,  wobei  das 
Zufuhrungsisolationsventil  in  seiner  ersten  Posi- 
tion  Fluid  von  der  ersten  ReservoirauslaBeinrich- 
tung  (38)  an  die  Pumpeneinrichtung  (16)  abgibt, 
und  wobei  das  Zufuhrungsisolationventil  in  sei- 

65  ner  zweiten  Position  Fluid  von  der  zweiten  Aus- 

a 
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laBeinrichtung  (60)  an  die  Pumpeneinrichtung 
(16)  abgibt; 

f.  ein  Durckisolationsventil  (88),  das  betriebs- 
maBig  mit  der  Pumpeneinrichtung  (16)  verbun- 
den  ist  und  eine  erste  Position  und  eine  zweite 
Position  hat,  wobei  das  Druckisolationsventil  in 
seiner  ersten  Position  Stromung  von  der  Pum- 
peneinrichtung  (16)  zu  der  ersten  Leistungsaus- 
gangseinrichtung  (22,  24)  gestattet  und  in  seiner 
zweiten  Position  Stromung  von  der  Pumpenein- 
richtung  (1  6)  zu  der  ersten  Leistungsausgangsein- 
richtung  (22,  24)  blockiert,  wahrend  es  Stromung 
von  der  Pumpeneinrichtung  (16)  zu  der  zweiten 
Leistungsausgangseinrichtung  (26)  gestattet; 

g.  eine  Fluidniveauuberwachungseinrichtung 
(54)  zum  Detektieren,  wenn  das  Fiuidniveau  in  der 
Kammer  (30)  auf  oder  unter  einem  vorbestimm- 
ten  Warnniveau  ist,  und  zum  Erzeugen  eines 
entsprechenden  Niedrigniveausignals; 

h.  eine  Steuereinrichtung  zum  Bewegen  des 
Zufuhrungsisolationsventiis  und  des  Druckisola- 
tionsventils  in  ihre  zweiten  Positionen  und  zum 
Bewirken,  daB  die  Pumpeneinrichtung  (16)  arbei- 
tet, 

dadurch  gekennzeichnet,  daB  die  Pumpenein- 
richtung  so  eingerichtet  ist,  daB  bei  einem  Niedri- 
gniveaufluidzustand  in  dem  Reservoir  (12)  und 
bei  nichtarbeitender  Pumpe  (16)  Fluid  von  der 
Pumpeneinrichtung  zu  dem  Reservoir  stromt,  und 
daB  die  Steuereinrichtung  in  Ansprechung  auf 
das  Niedrigniveausignal  dahingehend  operativ 
wird,  daB  sie  das  Zufuhrungsisolationsventil  und 
das  Druckisolationsventil  in  ihre  zweiten  Positio- 
nen  bewegt  und  bewirkt,  daB  die  Pumpeneinrich- 
tung  (16)  arbeitet; 

wodurch  in  dem  Fall  von  Fluidverlust  in  dem 
System  das  Druckisolationsventil  (88)  in  seiner 
zweiten  Position  in  der  Lage  ist,  Fluidverlust  fur 
die  Pumpeneinrichtung  (16)  zu  mindern,  und  das 
Zufuhrungsisolationsventil  (72)  in  seiner  zweiten 
Position  in  der  Lage  ist.  Fluid  von  dem  unteren 
Kammerteil  zu  der  Pumpeneinrichtung  zu  leiten, 
wobei  der  Betrieb  der  Pumpeneinrichtung  (16) 
Fluidverlust  von  der  Pumpeneinrichtung  verhin- 
det. 

2.  System  nach  Anspruch  1,  dadurch  gekenn- 
zeichnet,  daB  die  Steuereinrichtung  eine  magne- 
tische  Rastrelaiseinrichtung  (116)  umfaBt,  die  auf 
das  Niedrigniveausignal  in  einer  Art  anspricht, 
daB  sie  eingeklinkt  wird  und  bewirkt,  daB  sich  das 
Zufuhrungs-  und  Druckisolationsventil  (72,  88)  in 
ihre  zweite  Position  bewegen. 

3.  System  nach  Anspruch  2,  dadurch  gekenn- 
zeichnet,  daB  eine  Luft-/Erdboden-Logikeinrich- 
tung  (102)  so  eingeriechtet  ist,  daB  sie  ein  Signal 
liefert,  um  einen  Bordzustand  anzuzeigen,  und  ein 
Bordsignal,  iibertragt,  wobei  die  Steuereinrich- 
tung  so  eingerichtet  ist,  daB  sie  nur  dann  operativ 
wird,  wenn  sowohl  das  Niedrigniveausignal  als 
auch  das  Bordsignal  vorhanden  sind. 

4.  System  nach  Anspruch  3,  dadurch  gekenn- 
zeichnet,  daB  eine  Systemschalteinrichtung  (114) 
vorgesehen  ist,  die  eine  automatische  Einstellung 
zum  Obertragen  eines  "Auto"-Signals  hat,  wobei 
die  Steuereinrichtung  dahingehend  anspricht, 

daB  sie  nur  in  Ansprechung  auf  einen  Zustand 
operativ  wird,  in  dem  von  dem  Niedrigniveaus- 
ignal,  dem  Bordsignal  und  dem  "Auto"-Signal 
alle  drei  vorhanden  sind.  ■ 

5  5.  System  nach  Anspruch  4,  dadurch  gekenn- 
zeichnet,  daB  die  Steuereinrichtung  eine  magne- 
tische  Rastrelaiseinrichtung  (116)  umfaBt,  die  auf 
das  Niedrigniveausignal  anspricht,  und  daB  die 
Systemschalteinrichtung  (114)  auch  einen  Riick- 

10  stellzustand  hat,  welcher  bewirkt,  daB  die  magne- 
tische  Rastrelaiseinrichtung  (116)  das  Zufuh- 
rungs-  und  Druckisolationsventil  (72,  88)  in  ihre 
ersten  Positionen  bewegt. 

6.  System  nach  Anspruch  5,  dadurch  gekenn- 
15  zeichnet,  daB  eine  Anzeigeeinrichtung  (128)  vor- 

handen  ist,  die  auf  einen  Zustand  anspricht,  in 
dem  die  Schalteinrichtung  (114)  in  die  Ruckstell- 
position  bewegt  worden  ist  oder  die  Pumpenein- 
richtung  (16)  keinen  angemessenen  Fluiddruck 

20  abgibt. 
7.  System  nach  einem  der  vorhergehenden 

Anspruche,  dadurch  gekennzeichnet,  daB  eine 
Anzeigeeinrichtung  (128)  vorhanden  ist,  die  auf 
ein  Befehlssignal  anspricht,  welches  zu  dem  Druk- 

25  kisolationsventil  (88)  ubertragen  wird,  um  dieses 
in  seine  zweite  Position  zu  bewegen,  und  die 
auBerdem  auf  die  Position  des  Zufuhrungsisola- 
tionsventil  (72)  in  einer  Art  und  Weise  anspricht, 
daB  sie  es  anzeigt,  wenn  das  Zufuhrungsisola- 

30  tionsventil  und  das  Druckisolationsventil  nicht  in 
ihrer  befohlenen  Position  positioniert  sind. 

8.  System  nach  Anspruch  7,  dadurch  gekenn- 
zeichnet,  daB  die  Anzeigeeinrichtung  (128)  auBer- 
dem  auf  den  Betrieb  der  Pumpeneinrichtung  (16) 

35  dahingehend  anspricht,  daB  sie  einen  Zustand 
anzeigt,  in  dem  die  Pumpeneinrichtung  keinen 
angemessenen  Fluiddruck  in  Ansprechung  auf 
das  Operativwerden  der  Steuereinrichtung 
abgibt. 

40  9.  System  nach  einem  der  vorhergehenden 
Anspruche,  dadurch  gekennzeichnet,  daB  eine 
Schubumkehrer-Kraftanlage  (28)  vorhanden  ist, 
und  daB  die  zweite  Leistungsausgangseinrich- 
tung  (26)  mit  der  Schubumkehrer-Kraftanlage  (28) 

45  verbunden  ist. 
10.  System  nach  Anspruch  7,  dadurch  gekenn- 

zeichnet,  daB  die  Steuereinrichtung  eine  magne- 
tische  Rastrelaiseinrichtung  (116)  umfaBt,  die  auf 
das  Niedrigniveausignal,  das  Bordsignal  und  das 

so  "Auto"-Signal  in  einer  Art  und  Weise  anspricht, 
daB  sie  eingeklinkt  wird,  und  bewirkt,  daB  sich 
das  Zufuhrungs-  und  Druckisolationsventil  in  ihre 
zweite  Position  bewegen. 

11.  System  nach  einem  der  vorhergehenden 
55  Anspruche,  dadurch  gekennzeichnet,  daB  eine 

zweite  Pumpeneinrichtung  (14)  vorgesehen  ist, 
um  Fluid  von  dem  Reservoir  (12)  abzuziehen  und 
Fluid  an  die  erste  und  zweite  Leistungsausgangs- 
einrichtung  (22,  24,  26)  abzugeben,  wobei  das 

60  Druckisolationsventil  (88)  in  seiner  ersten  Position 
eine  Stromung  von  sowohl  der  ersten  (16)  als 
auch  der  zweiten  (14)  Pumpeneinrichtung  (22,  24, 
26)  und  zweiten  Leistungsausgangseinrichtung 
(22,  24,  26)  gestattet,  und  in  seiner  zweiten  Posi- 

es  tion  zusatzlich  Stromung  von  der  zweiten  Pum- 
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)eneinrichtung  (14)  zu  der  zweiten  Leistungsaus- 
jangseinrichtung  (26)  biockiert,  wobei  dasZufuh- 
ungsisolationsventil  (72)  in  seiner  zweiten  Posi- 
ion  fahig  ist,  zusatzlich  Fluid  von  dem  unteren 
Cammerteil  zu  der  zweiten  Leistungsausgangs- 
iinrichtung  (26)  zu  leiten. 

tevendications 

1.  Circuit  hydraulique  (10)  pour  aeronef,  com- 
jrenant: 

a.  un  reservoir  (12)  de  fluide  comprenant  une 
structure  de  confinement  qui  delimite  une  cham- 
are  (30)  de  confinement  de  fluide  et  ayant  une 
jaroi  superieure  (32)  et  un  fond  (34),  le  reservoir 
12)  comportant  en  outre  un  premier  dispositif 
38)  de  sortie  de  reservoir  ayant  une  premiere 
juverture  (40)  d'entree  du  circuit  de  fluide,  placee 
3  un  emplacement  qui  se  trouve  a  une  certaine 
distance  au-dessus  du  fond  (34)  et  au-dessous  de 
a  paroi  superieure  (32),  la  chambre  (30)  ayant  une 
aartie  superieure  de  chambre  placee  au-dessus 
de  la  premiere  ouverture  d'entree  (40)  et  une 
Dartie  inferieure  de  chambre  placee  au-dessous 
de  la  premiere  ouverture  d'entree,  un  second 
dispositif  (60)  de  sortie  de  reservoir  ayant  une 
seconde  ouverture  d'entree  du  circuit  de  fluide 
placee  au-dessous  de  la  premiere  ouverture  d'en- 
tree  (40)  a  un  emplacement  d'entree  qui  se  trouve 
dans  une  partie  inferieure  de  la  partie  inferieure 
de  chambre, 

b.  un  premier  dispositif  (22,  24)  de  sortie  de 
puissance  hydraulique, 

c.  un  second  dispositif  (26)  de  sortie  de  puis- 
sance  hydraulique, 

d.  un  dispositif  de  pompage  a  la  demande  (16) 
destine  a  aspirer  du  fluide  du  reservoir  (12)  et  a  le 
transmettre  au  premier  et  au  second  dispositif  de 
sortie  de  puissance, 

e.  une  soupape  (72)  d'isolement  d'alimentation 
ayant  une  premiere  et  une  seconde  position,  et 
connectee  lors  du  fonctionnement  au  premier  et 
au  second  dispositif  de  sortie  de  reservoir  (38,  60) 
et  au  dispositif  de  pompage  (16),  la  soupape 
d'isolement  d'alimentation,  dans  sa  premiere 
position,  transmettant  du  fluide  du  premier  dispo- 
sitif  de  sortie  de  reservoir  (38)  au  dispositif  de 
pompage  (16),  la  soupape  d'isolement  d'alimen- 
tation,  dans  sa  seconde  position,  transmettant  du 
fluide  du  second  dispositif  de  sortie  (60)  au 
dispositif  de  pompage  (16), 

f.  une  soupape  d'isolement  de  pression  (88) 
raccordee  lors  du  fonctionnement  au  dispositif  de 
pompage  (16)  et  ayant  une  premiere  et  une 
seconde  position,  la  soupape  d'isolement  de 
pression,  dans  sa  premiere  position,  permettant 
la  circulation  du  dispositif  de  pompage  (16)  vers 
le  premier  dispositif  de  sortie  de  puissance  (22, 
24)  et,  dans  sa  seconde  position,  empechant  la 
circulation  du  dispositif  de  pompage  (16)  vers  le 
premier  dispositif  de  sortie  de  puissance  (22,  24) 
tout  en  permettant  la  circulation  du  dispositif  de 
pompage  (16)  vers  le  second  dispositif  de  sortie 
de  puissance  (26), 

g.  un  dispositif  (54)  de  controle  de  niveau  de 

fluide  destine  a  detecter  le  moment  ou  le  niveau 
du  fluide  dans  la  chambre  (30)  est  egal  ou  infe- 
rieur  a  un  niveau  predetermine  de  precaution  et  a 
donner  un  signal  correspondant  de  faible  niveau, 

5  h.  un  dispositif  de  commande  destine  a  depla- 
cer  la  soupape  d'isolement  d'alimentation  et  la 
soupape  d'isolement  de  pression  vers  leur 
seconde  position,  et  a  provoquer  le  fonctionne- 
ment  du  dispositif  de  pompage  (16),  caracterise 

'0  en  ce  que  le  dispositif  de  pompage  est  realise  de 
maniere  que,  lorsqu'il  existe  une  condition  de 
faible  niveau  de  fluide  dans  le  reservoir  (12)  et 
lorsque  la  pompe  (16)  nefonctionne  pas,  du  fluide 
circule  du  dispositif  de  pompage  vers  le  reservoir, 

'5  et  en  ce  que  le  dispositif  de  commande  assure,  a 
la  suite  du  signal  de  faible  niveau,  le  deplacement 
de  la  soupape  d'isolement  d'alimentation  et  de  la 
soupape  d'isolement  de  pression  vers  leur 
seconde  position  et  provoque  la  mise  en  fonction- 

?o  nement  du  dispositif  de  pompage  (16), 
si  bien  que,  en  cas  de  perte  de  fluide  dans  le 

circuit,  la  soupape  d'isolement  de  pression  (88), 
dans  sa  seconde  position,  peut  compenser  la 
perte  de  fluide  du  dispositif  de  pompage  (16),  et  la 

?5  soupape  d'isolement  d'alimentation  (72),  dans  sa 
seconde  position,  peut  diriger  le  fluide  de  la  partie 
inferieure  de  la  chambre  vers  le  dispositif  de 
pompage,  le  fonctionnement  du  dispositif  de 
pompage  (16)  empechant  les  pertes  de  fluide  du 

so  dispositif  de  pompage. 
2.  Circuit  selon  la  revendication  1,  caracterise 

en  ce  que  le  dispositif  de  commande  comporte  un 
relais  magnetique  a  verrouillage  (116)  commande 
par  le  signal  de  faible  niveau  de  maniere  qu'il  soit 

35  verrouille  et  provoque  le  deplacement  des  sou- 
papes  d'isolement  d'alimentation  et  de  pression 
(72,  88)  vers  leur  seconde  position. 

3.  Circuit  selon  la  revendication  2,  caracterise 
en  ce  qu'un  dispositif  logique  air-sol  (102)  est 

40  destine  a  transmettre  un  signal  indiquant  un  etat 
de  support  aerodynamique  et  a  transmettre  un 
signal  de  support  aerodynamique,  le  dispositif  de 
commande  etant  destine  a  fonctionner  unique- 
ment  lorsque  le  signal  de  faible  niveau  et  le  signal 

45  de  support  aerodynamique  sont  tous  deux  pre- 
sents. 

4.  Circuit  selon  la  revendication  3,  caracterise 
en  ce  qu'il  comporte  un  dispositif  de  commuta- 
tion  (114)  du  circuit  ayant  un  reglage  automatique 

so  et  destine  a  la  transmission  d'un  signal  "auto",  le 
dispositif  de  commande  etant  commande  de 
maniere  qu'il  ne  fonctionne  qu'en  presence  d'une 
condition  dans  laquelle  le  signal  de  faible  niveau, 
le  signal  de  support  aerodynamique  et  le  signal 

55  "auto"  sont  tous  trois  presents. 
5.  Circuit  selon  la  revendication  4,  caracterise 

en  ce  que  le  dispositif  de  commande  comporte  un 
relais  magnetique  (116)  de  verrouillage  com- 
mande  par  le  signal  de  faible  niveau,  et  le  disposi- 

60  tif  de  commutation  du  circuit  (1  14)  a  aussi  un  etat 
de  rearmement  qui  provoque  le  deplacement  des 
soupapes  d'isolement  d'alimentation  et  de  pres- 
sion  (72,  88)  vers  leur  premiere  position  sous  la 
commande  du  relais  magnetique  de  verrouillage 

65  (116). 

11 



21 EP  0 1 6 8   844  B1 22 

6.  Circuit  selon  la  revendication  5,  caracterise 
en  ce  qu'il  comporte  un  dispositif  indicateur  (128) 
commande  par  une  condition  telle  que  le  disposi- 
tif  de  commutation  (114)  s'est  deplace  vers  la 
position  de  rearmement,  ou  le  dispositif  de  pom- 
page  (16)  ne  transmet  pas  du  fluide  a  une  pres- 
sion  convenable. 

7.  Circuit  selon  I'une  quelconque  des  revendica- 
tions  precedentes,  caracterise  en  ce  qu'il  com- 
porte  un  dispositif  indicateur  (128)  commande  par 
un  signal  de  commande  transmis  a  la  soupape 
d'isolement  de  pression  (88)  afin  qu'elle  se 
deplace  vers  sa  seconde  position,  et  qui  est  aussi 
commande  par  la  position  de  la  soupape  d'isole- 
ment  d'alimentation  (72)  de  maniere  qu'il  indique 
le  moment  ou  la  soupape  d'isolement  d'alimenta- 
tion  et  la  soupape  d'isolement  de  pression  ne 
sont  pas  placees  dans  leur  position  commandee. 

8.  Circuit  selon  la  revendication  7,  caracterise 
en  ce  que  le  dispositif  indicateur  (128)  est  aussi 
commande  par  le  fonctionnement  du  dispositif  de 
pompage  (16)  afin  qu'il  indique  une  condition 
dans  laquelle  le  dispositif  de  pompage  ne  trans- 
met  pas  du  fluide  a  une  pression  convenable  a  la 
suite  du  fonctionnement  du  dispositif  de  com- 
mande. 

9.  Circuit  selon  I'une  quelconque  des  revendica- 
tions  precedentes,  caracterise  en  ce  qu'il  com- 
porte  un  circuit  (28)  d'alimentation  d'un  inverseur 
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de  poussee,  et  le  second  dispositif  de  sortie  de 
puissance  (26)  est  connecte  au  circuit  (28)  d'ali- 
mentation  d'inverseur  de  poussee. 

10.  Circuit  selon  la  revendication  7,  caracterise 
en  ce  que  le  dispositif  de  commande  comporte  un 
relais  magnetique  de  verrouillage  (116)  com- 
mande  par  le  signal  de  faible  niveau,  le  signal  de 
support  aerodynamique  et  le  signal  "auto"  de 
maniere  qu'il  soit  verrouille  et  provoque  le  depla- 
cement  des  soupapes  d'isolement  d'alimentation 
et  de  pression  a  leur  seconde  position. 

11.  Circuit  selon  I'une  quelconque  des  revendi- 
cations  precedentes,  caracterise  en  ce  qu'un 
second  dispositif  de  pompage  (14)  est  destine  a 
aspirer  le  fluide  du  reservoir  (12)  et  a  le  transmet- 
tre  au  premier  et  au  second  dispositif  de  sortie  de 
puissance  (22,  24,  26),  la  soupape  d'isolement  de 
pression  (88),  dans  sa  premiere  position,  permet- 
tant  I'ecoulement  de  chacun  des  premier  (16)  et 
second  (14)  dispositifs  de  pompage  vers  le  pre1 
mier  et  le  second  dispositif  de  sortie  de  puissance 
(22,  24,  26),  et,  dans  sa  seconde  position,  empe- 
chant  en  outre  la  circulation  du  second  dispositif 
de  pompage  (14)  vers  le  second  dispositif  de 
sortie  de  puissance  (26),  la  soupape  d'isolement 
d'alimentation  (72),  dans  sa  seconde  position, 
pouvant  en  outre  transmettre  du  fluide  de  la 
partie  inferieure  de  chambre  vers  le  second  dispo- 
sitif  de  sortie  de  puissance  (26). 
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