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(54)  Spool  valve  with  adjustable  overlap 

(57)  An  hydraulic  control  valve  having  an  elongate 
valve  body  (1  1  )  including  longitudinally  spaced  first  and 
second  inlet  ports  (24,  27),  and  longitudinally  spaced 
first  and  second  outlet  ports  (23,  26),  a  drive  spindle  (14) 
extending  longitudinally  within  the  valve  body,  first  and 
second  control  spools  (15,  16)  slidably  mounted  on  the 

drive  spindle,  resilient  means  (21)  acting  between  the 
control  spools  and  the  drive  spindle  to  urge  the  control 
spools  to  occupy  respective  first  positions  relative  to  the 
drive  spindle,  and  means  (22)  for  applying  hydraulic 
pressure  to  the  control  spools  to  move  them  to  occupy 
a  second  position,  against  the  action  of  said  resilient 
means,  relative  to  the  drive  spindle. 
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Description 

This  invention  relates  to  hydraulic  control  valves 
particularly,  but  not  exclusively  for  use  in  the  control  of 
the  position  of  aircraft  flight  control  surfaces. 

A  conventional  hydraulic  control  valve  construction 
includes  a  valve  body  incorporating  at  least  one  fluid  in- 
let  port  and  at  least  one  fluid  outlet  port,  a  control  mem- 
ber  moveable  within  the  valve  body  to  make  and  break 
fluid  flow  communication  between  said  inlet  port  and 
said  outlet  port,  and  a  drive  element  moveable  relative 
to  the  valve  body  between  rest  and  operative  positions 
to  move  the  control  member  to  make  and  break  said  fluid 
flow  communication.  The  operating  characteristics  of 
the  conventional  valve  and  the  system  controlled  there- 
by  are  determined  directly  by  the  position  of  the  drive 
element  relative  to  the  valve  body,  and  it  is  an  object  of 
the  present  invention  to  provide  an  hydraulic  control 
valve  wherein  at  least  one  operating  characteristic  can 
be  adjusted  independently  of  control  inputs  to  the  valve 
control  member  by  way  of  the  drive  element. 

In  accordance  with  the  present  invention  there  is 
provided  an  hydraulic  control  valve  comprising  a  valve 
body  having  an  inlet  port  and  an  outlet  port,  a  valve 
member  moveable  within  the  valve  body  to  make  or 
break  communication  between  the  inlet  and  outlet  ports, 
a  drive  element  coupled  to  said  valve  member  for  mov- 
ing  said  valve  member  relative  to  the  valve  body  to  op- 
erate  the  valve  and,  means  for  moving  the  valve  mem- 
ber  relative  to  the  valve  body  and  the  drive  element  to 
effect  an  adjustment  in  the  position  of  the  valve  member 
relative  to  said  inlet  port  and/or  said  outlet  port. 

Preferably  said  valve  member  is  a  valve  spool,  and 
said  drive  element  is  a  drive  spindle  upon  which  said 
spool  is  slidably  mounted. 

Conveniently  said  spool  is  urged  to  a  first  operative 
position  relative  to  said  spindle  by  a  resilient  device,  and 
is  moveable  from  said  first  position  against  the  action  of 
said  resilient  device  to  a  second  operative  position  by 
hydraulic  pressure  acting  on  the  spool. 

I  n  accordance  with  a  second  aspect  of  the  invention 
there  is  provided  an  hydraulic  control  valve  having  an 
elongate  valve  body  including  longitudinally  spaced  first 
and  second  inlet  ports,  and  longitudinally  spaced  first 
and  second  outlet  ports,  a  drive  spindle  extending  lon- 
gitudinally  within  the  valve  body,  first  and  second  control 
spools  slidably  mounted  on  the  drive  spindle,  resilient 
means  acting  between  the  control  spools  and  the  drive 
spindle  to  urge  the  control  spools  to  occupy  respective 
first  positions  relative  to  the  drive  spindle,  and  means 
for  applying  hydraulic  pressure  to  the  control  spools  to 
move  them  to  occupy  a  second  position,  against  the  ac- 
tion  of  said  resilient  means,  relative  to  the  drive  spindle. 

Preferably  the  movement  of  the  control  spools  rel- 
ative  to  the  drive  spindle  alters  the  positioning  of  lands 
of  the  drive  spools  relative  to  respective  ports  of  the 
valve  body,  in  a  predetermined  position  of  the  drive  spin- 
dle. 

Desirably  the  application  of  hydraulic  pressure  to 
the  control  spools  moves  them  in  opposite  directions  rel- 
ative  to  the  drive  spindle  against  the  action  of  said  resil- 
ient  means. 

5  One  example  of  the  invention  is  illustrated  in  the  ac- 
companying  drawings,  wherein:- 

Figure  1  is  a  diagrammatic  cross-sectional  view  of 
an  hydraulic  control  valve  in  which  the  spool  assem- 

10  bly  is  in  a  notional  rest  position  relative  to  the  body 
of  the  valve;  and 

Figure  2  is  a  view  similar  to  Figure  1  showing  the 
spool  assembly  in  the  same  notional  rest  position, 

is  but  with  the  spools  moved  relative  to  the  valve  body 
to  alter  the  valve  operating  characteristics. 

Referring  to  the  drawings  the  hydraulic  control  valve 
illustrated  is  a  spool  valve  primarily,  but  not  exclusively, 

20  intended  for  use  in  a  standby  rudder  power  control  unit 
of  an  aircraft.  The  standby  rudder  power  control  unit 
(SRPCU)  is  employed  in  combination  with  a  main  rudder 
power  control  unit  (MRPCU)  to  control  the  position  of 
the  aircraft  rudder  in  accordance  with  control  inputs  pro- 

25  vided  by  the  pilot,  and  generally  the  SRPCU  has  three 
possible  operating  modes,  Bypass;  Normal;  and  Rudder 
Assist. 

In  the  Bypass  position  the  SRPCU  is  inoperative  in 
that  it  provides  no  power  assistance  to  the  MRPCU  in 

30  driving  the  rudder. 
In  the  Normal  operative  mode  the  SRPCU  and  MR- 

PCU  are  both  operative  to  drive  the  rudder,  the  two  act- 
ing  in  parallel. 

In  the  Rudder  Assist  mode  the  SRPCU  takes  control 
35  of  the  rudder  from  the  MRPCU  which  may  actually  be 

inoperative  at  that  time. 
The  SRPCU  includes  an  hydraulic  actuator  in  the 

form  of  a  double-acting  hydraulic  ram,  which  links  the 
aircraft  structure  and  the  moveable  control  surface  of 

40  the  rudder  and  supplies  power  to  move  the  rudder  either 
alone,  or  in  combination  with  a  similar  actuator  of  the 
MRPCU.  The  supply  of  hydraulic  fluid  to  the  actuator  is 
controlled  at  least  in  part  by  a  control  valve  of  the  kind 
illustrated  in  Figures  1  and  2,  the  control  spool  assembly 

45  of  the  valve  being  moveable  in  response  to  the  pilot's 
movements  of  a  rudder  control  member. 

The  hydraulic  control  valve  includes  a  valve  body 
1  1  having  a  cylindrical  bore  1  2  slidably  receiving  a  spool 
assembly  1  3.  The  valve  body  may  be  defined  by  a  valve 

so  housing  or  by  a  guide  member  formed  with  the  bore  1  2 
and  received  in  a  valve  housing.  The  spool  assembly 
13  includes  an  elongate  spindle  14  through  which  me- 
chanical  control  inputs  derived  from  the  pilot's  rudder 
control  are  transmitted  to  the  assembly  13.  Slidably 

55  mounted  on  the  spindle  1  4  and  in  lapped  sliding  engage- 
ment  in  the  bore  12  are  first  and  second  substantially 
identical  control  spools  15,  16  each  of  which  has  a  re- 
duced  diameter  region  intermediate  its  ends  such  that 

3 
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each  spool  has  a  land  (indicated  by  the  suffix  a)  at  one 
end,  and  an  identical  land  (indicated  by  the  suffix  b)  at 
its  opposite  axial  end,  the  lands  being  in  sliding,  sealing 
engagement  with  the  wall  of  the  bore  12,  and  defining 
between  them,  in  the  bore  1  4,  respective  annular  cham- 
ber  15c,  16c. 

One  end  of  the  spindle  1  4  protrudes  from  the  spool 
1  5  and  is  formed  with  an  integral  head  1  7  against  which 
an  axial  end  of  the  land  15a  abuts.  A  cylindrical  spacer 
18  is  slidably  disposed  on  the  spindle  14  between  the 
spools  15,  16.  The  end  of  the  spindle  14  remote  from 
the  head  17  is  formed  with  a  further  integral  head  19 
and  a  helical  compression  spring  21  acts  between  the 
head  19  and  an  axial  end  of  the  land  16b  of  the  spool 
16.  Thus  the  spring  21  urges  the  spool  16,  the  spacer 
18  and  the  spool  15  towards  the  head  17  so  that  the 
spool  1  5  abuts  the  head  1  7  and  the  spacer  1  8  is  trapped 
between  the  spools  15,  16. 

At  around  the  midpoint  in  the  length  of  the  bore  12 
the  valve  body  1  1  contains  a  port  22  communicating  with 
the  bore  12,  and  through  which  pressurized  hydraulic 
fluid  can  be  supplied  to  the  chamber  22a  within  the  bore 
12  defined  between  the  spools  15,  16  and  around  the 
spacer  18.  Moreover,  adjacent  the  spool  15  the  valve 
body  has  a  supply  port  24,  a  return  port  23,  and  a  control 
port  25  all  communicating  with  the  bore  12,  and  corre- 
spondingly  associated  with  the  spool  1  6  is  a  supply  port 
27,  a  return  port  26  and  a  control  port  28.  A  passage  31 
within  the  valve  body  interconnects  the  supply  ports  24, 
27  so  that  they  can  receive  hydraulic  fluid  under  pres- 
sure  from  a  common  supply  line  31a,  and  a  further  pas- 
sage  29  in  the  valve  body  interconnects  the  return  ports 
23,  26  with  a  common  return  line  29a.  In  use  the  port  25 
is  connected  to  one  side  of  the  hydraulic  actuator  ram 
for  the  rudder  control  surface,  the  port  28  being  connect- 
ed  to  the  opposite  side  of  the  ram. 

The  control  spool  assembly  14,  15,  16  has  a  cen- 
tralised  position  usually  referred  to  as  the  null  position, 
and  this  is  the  position  of  the  assembly  illustrated  in  both 
Figure  1  and  Figure  2.  It  can  be  seen  that  the  dimen- 
sioning  of  the  spool  lands  15b,  16a  and  the  spacer  18 
is  such,  in  relation  to  the  positioning  of  the  return  ports 
23,  26  that  with  the  spool  assembly  in  its  null  position 
and  the  chamber  22a  vented,  the  land  1  5b  only  partially 
closes  the  port  23,  and  the  land  16a  similarly  only  par- 
tially  closes  the  port  26.  Thus  there  is  communication 
between  the  return  line  29a  and  one  side  of  the  actuator 
ram  by  way  of  the  port  23,  the  annular  chamber  1  5c  and 
the  port  25.  Simultaneously  there  is  communication  be- 
tween  the  return  line  29a  and  the  opposite  side  of  the 
ram  by  way  of  the  passage  29,  the  port  26  and  the  port 
28.  In  this  configuration  the  return  ports  23,  26  are  said 
to  be  underlapped.  It  can  be  seen  that  the  lands  15a, 
16b  overlie  the  supply  ports  24,  27  and  so  the  supply 
ports  are  closed  and  thus  are  said  to  be  overlapped.  The 
positioning  of  the  ports  25,  28  is  such  that  they  commu- 
nicate  with  the  chambers  1  5c,  1  6c  respectively  through 
the  whole  of  the  permitted  range  of  movement  of  the 

spool  assembly. 
Underlapping  of  the  return  ports  provides  particular 

operating  characteristics  of  the  control  valve  and  the 
system  associated  with  the  control  valve.  Thus  it  will  be 

5  recognised  that  with  the  ports  23,  26  underlapped  in  the 
null  position  of  the  control  spool  assembly  fluid  flow 
communication  exists  between  opposite  ends  of  the  as- 
sociated  ram  and  thus  fluctuations  in  pressure  at  one 
end  of  the  ram  will  be  reflected  at  the  opposite  end.  Mo- 

10  veover  should  the  ram  be  driven  physically  by  an  exter- 
nal  force,  then  it  is  not  hydraulically  locked  and  fluid  dis- 
placed  from  one  end  of  the  ram  by  such  a  movement 
flows  to  the  opposite  end  of  the  ram. 

The  response  of  the  system  to  small  movements  of 
is  the  spool  assembly  from  the  null  position  is  sluggish 

since  a  predetermined  displacement  of  the  spool  as- 
sembly  from  the  null  position  is  required  before  one  of 
the  two  return  ports  is  closed  with  consequential  open- 
ing  of  the  corresponding  supply  port.  Thus  underlapping 

20  the  return  port  control  lands  15b,  16a  provides  a  small 
range  of  movement  on  either  side  of  the  valve  null  po- 
sition  where  the  system  has  no  pressure  gain,  in  addi- 
tion  to  providing  a  limited  flow  path  between  the  ends  of 
the  actuator  ram  as  mentioned  above.  Where  the  valve 

25  is  used  in  an  SRPCU  then  in  the  Normal  operating  mode 
of  the  SRPCU  the  chamber  22a  will  be  vented  so  that 
the  spools  15,  1  6  will  be  in  the  position  shown  in  Figure 
1  and  thus  the  SRPCU  will  be  passive  around  the  null 
position  of  the  control  valve  thereby  minimising  the  pos- 

30  sibility  of  a  "force  fight"  between  the  SRPCU  and  the 
MRPCU  when  both  are  operative.  The  MRPCU  will  not 
exhibit  the  same  operating  characteristics,  and  thus  in 
effect  will  be  in  primary  control  of  the  rudder  control  sur- 
face  position  in  those  situations  where  the  SRPCU  con- 

35  trol  valve  is  in  its  null  position. 
Figure  2  illustrates  the  valve  of  Figure  1  but  in  the 

configuration  it  occupies  when  sufficient  hydraulic  pres- 
sure  is  applied  to  the  chamber  22a  to  displace  the  spools 
15,  16  outwardly  relatively  to  one  another  against  the 

40  action  of  the  spring  21.  It  can  be  seen  that  while  the 
spool  15  remains  in  abutment  with  the  head  17  of  the 
spindle  14  a  clearance  exists  between  the  spacer  18 
and  the  spool  16  and  the  spring  21  has  been  com- 
pressed  until  the  spool  1  6  abuts  a  spacer  collar  21a  po- 

45  sitioned  beneath  the  spring  21  ,  and  in  turn  abutting  the 
head  1  9.  It  will  be  recognised  that  the  increased  spacing 
of  the  spools  15,  16  is  relatively  small,  and  the  corre- 
sponding  displacement  of  the  spindle  14  generated  by 
the  spool  movement  is  half  the  increased  spacing  be- 

so  tween  the  spools.  Thus  although  the  spindle  14  has 
been  moved,  the  spool  assembly  still  remains  in  its  null 
position,  and  the  linkage  arrangements  associated  with 
the  spindle  14  for  driving  the  spindle  to  operate  the 
valve,  accommodates  this  tiny  adjustment  in  the  posi- 

55  tion  of  the  spindle  14  in  use. 
It  can  be  seen  that  applying  pressure  to  the  cham- 

ber  22a  to  overcome  the  action  of  the  spring  21  moves 
the  spools  15,  16  so  that  the  lands  15b,  16a  just  close 

4 
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the  ports  23,  26,  while  maintaining  the  ports  24,  27  just 
closed.  In  this  operating  condition,  with  the  lands  15b, 
16a  closed  over  both  the  supply  and  return  ports  in  the 
null  position,  the  valve  is  very  sensitive,  the  response  of 
the  valve  to  input  movements  of  the  spindle  14  being 
instantaneous  since  the  smallest  movement  of  the  spool 
assembly  will  open  either  the  port  23  or  the  port  26  with 
corresponding  opening  of  the  port  27  or  24.  There  is 
however  no  communication  between  the  opposite  ends 
of  the  actuator  ram  in  the  null  position,  and  thus  the  pos- 
sibilities  for  fluid  leakage  from  the  system  are  minimised. 
In  the  rudder  control  application  a  solenoid  valve  will  en- 
sure  that  the  chamber  22a  is  vented  in  the  Normal  op- 
erating  mode,  and  pressurized  only  in  the  Rudder  Assist 
operating  mode.  Thus  although  the  valve  does  not,  in 
the  Rudder  Assist  mode,  exhibit  a  region  around  the  null 
position  with  zero  pressure  gain  the  "force  fight"  problem 
does  not  arise  as  the  MRPCU  is  inoperative. 

It  will  be  recognised  that  there  may  be  applications 
where  for  convenience  the  flow  through  the  valve  is  re- 
versed  in  which  case  supply  ports  became  return  ports 
and  vice  versa. 

Notwithstanding  that  the  invention  is  exemplified 
above  in  relation  to  a  standby  rudder  power  control  unit, 
it  is  to  be  understood  that  the  invention  may  find  use  in 
other  systems  where,  for  example,  more  than  one  ram 
is  operative  to  move  a  component  and  a  "force  fight" 
situation  could  develop. 

Claims 

1  .  An  hydraulic  control  valve  comprising  a  valve  body 
(11  )  having  an  inlet  port  (24;  27)  and  an  outlet  port 
(23;  26),  a  valve  member  (15;  16)  moveable  within 
the  valve  body  to  make  or  break  communication  be- 
tween  the  inlet  and  outlet  ports,  and  a  drive  element 
(14)  coupled  to  said  valve  member  (15;  16)  for  mov- 
ing  said  valve  member  relative  to  the  valve  body  to 
operate  the  valve,  the  valve  being  characterised  by 
means  for  moving  the  valve  member  relative  to  the 
drive  element  to  effect  an  adjustment  in  the  position 
of  the  valve  member  relative  to  said  inlet  and  outlet 
ports  for  a  given  position  of  the  drive  member  rela- 
tive  to  the  valve  body. 

2.  An  hydraulic  control  valve  as  claimed  in  Claim  1, 
characterised  in  that  said  valve  member  is  a  valve 
spool  (15;  16),  and  said  drive  element  is  a  drive 
spindle  (14)  upon  which  said  spool  is  slidably 
mounted. 

3.  An  hydraulic  control  valve  as  claimed  in  Claim  2, 
characterised  in  that  said  spool  (15;  16)  is  urged  to 
a  first  operative  position  relative  to  said  spindle  (14) 
by  a  resilient  device  (21),  and  there  is  provided 
means  (22)  for  applying  hydraulic  pressure  to  said 
spool  to  move  said  spool  from  said  first  position 

against  the  action  of  said  resilient  device  to  a  sec- 
ond  operative  position. 

4.  An  hydraulic  control  valve  characterised  by  includ- 
5  ing  an  elongate  valve  body  (11  )  having  longitudinal- 

ly  spaced  first  and  second  inlet  ports  (24,  27),  and 
longitudinally  spaced  first  and  second  outlet  ports 
(23,  26),  a  drive  spindle  (14)  extending  longitudinal- 
ly  within  the  valve  body,  first  and  second  control 

10  spools  (15,  16)  slidably  mounted  on  the  drive  spin- 
dle,  resilient  means  (21  )  acting  between  the  control 
spools  and  the  drive  spindle  to  urge  the  control 
spools  to  occupy  respective  first  positions  relative 
to  the  drive  spindle,  and  means  (22)  for  applying 

is  hydraulic  pressure  to  the  control  spools  to  move 
them  to  occupy  a  second  position,  against  the  ac- 
tion  of  said  resilient  means,  relative  to  the  drive 
spindle. 

20  5.  An  hydraulic  control  valve  as  claimed  in  Claim  4, 
characterised  in  that  the  movement  of  the  control 
spools  relative  to  the  drive  spindle  alters  the  posi- 
tioning  of  lands  of  the  drive  spools  relative  to  re- 
spective  ports  of  the  valve  body,  in  a  predetermined 

25  position  of  the  drive  spindle. 

6.  An  hydraulic  control  valve  as  claimed  in  Claim  4  or 
Claim  5,  characterised  in  that  the  application  of  hy- 
draulic  pressure  to  the  control  spools  moves  them 

30  in  opposite  directions  relative  to  the  drive  spindle 
against  the  action  of  said  resilient  means. 
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